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INTRODUCTION 

The  purpose  of  the  investigations  described  and  discussed  herein 
was  to  study  the  physiological  and  pathological  reactions  of  onions 
and  onion  sets  stored  under  different  controlled  temperature  and 
humidity  conditions. 

Onions  represent  one  of  the  most  important  vegetable  crops  that 
are  stored  extensively  during  the  fall  and  winter  seasons.  Although 
onions  are  grown  in  many  of  the  Southern  States  the  varieties  pro- 
duced are  not  usually  suitable  for  storage  purposes,  and  they  are 
therefore  marketed  for  consumption  immediately  after  harvest.  On 
the  other  hand,  the  late  varieties  grown  in  the  North  and  maturing 
in  September  and  October  may  be  stored  successfully  for  considerable 
periods  of  time.  The  principal  districts  in  the  North  where  onions 
are  grown  and  stored  in  commercial  quantities  include  the  muck  de- 
posits of  New  York,  Michigan,  Ohio,  Indiana,  and  Minnesota.  In 
many  other  Northern  States  they  are  produced  and  stored  on  a 
smaller  scale  for  home  or  local  supply. 

i  Senior  physiologist,  Division  of  Sugar  Plant  Investigations,  Bureau  of  Plant  Industry. 
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USUAL  METHODS  OF  ONION  STORAGE 

The  bulk  of  the  onions  grown  in  the  States  mentioned  includes  the 
varieties  classified  within  the  globe- type  group,  which  constitute  the 
so-called  "good  keepers."  Outside  of  this  belt,  States  in  which 
onions  are  stored  in  large  commercial  quantities  are  Colorado,  Idaho, 
and  Oregon.  The  onions  that  are  stored  in  these  Western  States  are 
principally  of  the  Spanish  type,  usually  known  as  Valencias. 

Perhaps  three-fourths  of  the  commercial-storage  onions  are  held  in 
common  storage  in  the  particular  sections  in  which  they  are  grown. 
"Common  storage' '  refers  to  the  storage  of  products  in  suitably 
insulated  buildings  in  which  the  temperature  is  largely  governed  by 
weather  conditions  but  where  extremes  of  temperature  can  usually 
be  modified  by  manipulation  of  the  ventilating  system.  By  judicious 
management  of  the  common-storage  house,  the  winter  supply  of 
northern-grown  onions  usually  can  be  kept  in  good  condition  until 
about  the  first  of  March.  For  satisfactory  holding  after  this  date 
onions  usually  must  be  placed  in  cold  storage.  In  general  about  one- 
fourth  of  the  crop  of  storage  onions  is  put  directly  into  commercial 
cold  storage  where  the  temperature  is  mechanically  maintained  at 
about  32°  F.  These  onions  are  customarily  sorted  and  graded  after 
being  cured,  and  are  then  put  into  sacks  in  which  they  are  subsequently 
marketed. 

As  is  well  known,  success  in  holding  onions  in  storage  depends  on 
employing  late-maturing  varieties  harvested  when  sufficiently  mature ; 
on  careful  handling  during  harvesting,  curing,  and  storing;  and  on 
having  the  onions  thoroughly  cured  when  stored.  The  principal  object 
in  having  these  onions  mature  late  is  that  they  may  not  be  ready  for 
storage  before  October  or  early  November,  when  the  night  tempera- 
tures are  low  enough  to  keep^  the  storage  houses  cool. 

When  onions  are  to  be  put  in  common  storage  thev  usually  are  cured 
in  the  field  in  slat  crates  holding  about  a  bushel,  in  which  they  are 
stacked  in  tiers  and  covered  to  shed  the  rain.  They  are  then  topped, 
if  this  has  not  already  been  done  before  curing,  and  sorted  to  remove 
all  thick  or  bottle-necked  specimens,  and  those  known  as  splits  or 
doubles,  which  keep  poorly.  The  sorted  onions  are  then  usually  put 
backinto  the  field  crates,  and  these  are  stacked  in  the  storage  room. 
One-inch- thick  strips  should  be  placed  over  each  layer  of  crates  in 
order  to  separate  them  and  to  hold  the  tiers  apart  sufficiently  to 
permit  air  circulation  over  and  under  each  crate,  while  a  space  of 
about  1  foot  should  be  left  clear  next  to  the  walls  of  the  building  for  the 
same  purpose.  When  removed  for  marketing  the  onions  are  again 
sorted,  graded,  and  sacked  for  shipment. 

The  storage-house  walls  and  roof  should  be  insulated  sufficiently 
to  protect  the  onions  from  freezing.  During  severe  winter  weather 
some  heat  may  be  necessary.  Usually  concrete  floors  are  preferred, 
since  less  moisture  from  the  soil  will  get  into  the  storage  atmosphere. 
In  addition  to  ventilators  in  the  roof,  inlet  ventilators  in  the  walls  near 
the  floorand  windows  near  the  eaves  are  also  most  desirable  to  insure 
the  maximum  amount  of  air  .change.  In  this  way  it  is  possible  to 
take  advantage  of  the  cool  night  air  during  the  fall  or  in  mild  winter 
weather  and  to  maintain  the  inside  air  as  dry  as  possible  by  ventilation 
during  dry  weather,  when  the  outside-air  temperature  is  not  low 
enough  to  freeze  the  onions. 
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Onion  sets  are  cured  and  held  in  common  storage  in  practically  the 
same  manner  as  large  onions,  except  that  they  are  handled  in  shallow 
slat-bottom  crates  about  3  feet  square  and  4  inches  deep,  with  corner 
posts  extending  about  4  inches  above  the  sides  so  that  air  can  cir- 
culate between  the  crates  when  they  are  stacked.  Sometimes  sets  are 
treated  further,  after  the  usual  curing  and  before  going  into  storage, 
by  passing  through  them  a  stream  of  air  heated  to  80°  or  90°  F.  for  a 
period  of  5  to  6  hours.  By  thoroughly  drying  the  necks  this  treatment 
is  reported  to  reduce  considerably  the  amount  of  neck  rot.  When 
ready  for  shipment  the  sets  are  cleaned  again  by  passing  them  through 
a  strong  draft  of  air  before  they  are  sacked. 

PREVIOUS  INVESTIGATIONS 

Practical  methods  for  the  handling  and  storing  of  onions  have  been 
well  described  by  various  writers  (1,  4).2  The  usual  storage  temper- 
ature recommended  is  about  32°  F.,  or  slightly  above  the  freezing 
point,  with  a  low  relative  humidity.  The  average  freezing  point  of 
cured  onions  is  given  by  Wright  and  Taylor  (8)  as  30.09°.  While  this 
is  the  temperature  at  which  freezing  of  the  tissue  is  likely  to  occur,  it 
is  common  opinion  that  slight  freezing  does  not  injure  onions  pro- 
vided they  are  thawed  out  slowly  and  kept  dry.  One  writer  (7) 
reports  that  onions  carried  for  6  months  at  25°  and  then  carefully 
thawed  were  entirely  satisfactory  and  marketable.  A  storage  tem- 
perature of  32°  is  usually  considered  best  for  onion  sets,  since  the 
development  of  decay  is  less  rapid  than  at  higher  temperatures  and 
also  because  it  is  thought  that  the  subsequent  production  of  seed 
stalks  is  minimized.  This  view  is  supported  by  the  work  of  Bos  well 
(2)  and  Jones  (3),  who  found  that  mother  bulbs  stored  at  the  lower 
temperatures  tend  to  produce  fewer  seed  stalks  than  those  stored  at 
higher  temperatures.  The  work  of  Boswell  clearly  showed  further 
that  a  storage  temperature  of  32°  prevented  practically  all  sprouting, 
whereas  at  40°  and  at  50°  increasing  numbers  of  sprouting  onions 
were  found. 

Probably  the  most  serious  storage  disease  of  onions  is  the  one 
commonly  known  as  Botrytis  neck  rot.  Three  types  of  this  disease 
produced  by  three  species  of  Botrytis  (B.  allii  Munn,  B.  byssoidea 
Walker,  and  B.  squamosa  Walker)  are  described  by  Walker  (6). 
These  fungi  usually  enter  through  the  neck  or  through  mechanical 
wounds  when  the  bulbs  are  not  well  dried.  The  importance  of 
thorough  curing  or  drying  and  the  careful  sorting  out  of  all  wounded 
bulbs  and  all  thick-necked  specimens  that  are  difficult  to  dry  cannot 
be  overemphasized  as  prerequisites  to  successful  storage.  Walker  (5) 
has  demonstrated  that  neck  rot  can  be  controlled  by  artificial  curing 
or  drying. 

FACTORS  INVOLVED  IN  SUCCESSFUL  STORAGE 

Some  of  the  factors  affecting  the  successful  storage  of  onions,  as 
recognized  by  well-informed  growers,  are  soil,  cultural  methods, 
weather,  degree  of  maturity,  method  of  handling,  and  storage  temper- 
ature and  humidity.  Onions  grown  in  certain  general  localities  keep 
consistently  better  than  those  grown  in  other  localities,  doubtless 
owing  to  soil   and   climatic   adaptability   and   accounting  in  large 

2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  37. 
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measure  for  the  segregation  of  onion-producing  areas.  The  widely 
different  soil  types  of  individual  farms  may  also  greatly  influence  the 
keeping  qualities  of  the  onions  produced.  Satisfactory  development 
in  the  field  is  influenced  by  the  weather,  by  the  prevalence  of  disease 
or  insect  pests,  and,  of  course,  by  the  care  given  by  the  grower. 
Suitable  weather  is  as  important  during  the  curing  period  as  during 
the  growing  season.  When  dug,  onions  should  not  be  immature  or 
overmature.  After  harvest,  onions  should  be  handled  with  as  few 
operations  as  possible  to  avoid  injury  and  the  consequent  spread  of 
diseases  in  storage. 

MATERIAL  AND  METHODS 

The  experimental  work  described  in  this  bulletin  was  carried  on  at 
the  storage  laboratory  at  Arlington  Experiment  Farm,  near  Wash- 
ington, D.  C,  during  the  period  1925-31. 

During  these  investigations  the  varieties  of  onions  studied  were  all 
grown  in  commercial  onion-producing  sections  of  this  country  and  in 
most  instances  were  procured  on  the  local  Washington  market. 
Purchases  were  made  early  enough  in  the  season  to  insure  the  onions 
had  not  previously  been  in  storage  and  yet  late  enough  to  obtain  in 
most  instances  well-matured  stock  that  was  suitable  for  storage  from 
a  commercial  standpoint.  Care  was  always  taken  to  obtain  lots  that 
had  just  arrived,  to  eliminate  as  much  as  possible  the  effects  of  various 
conditions  on  the  market. 

Unless  otherwise  stated  all  results  given  herein  are  based  on  actual 
counts  rather  than  on  weight. 

VARIETIES  STUDIED 

The  varieties  studied  include  the  Ohio  Yellow  Globe,  Southport 
White  Globe,  Valencia  or  Denia,  Bermuda,  and  three  varieties  of  sets, 
namely,  Yellow  Strasburg,  White  Portugal,  and  Red  Wethersfield. 
These  varieties  will  be  discussed  in  the  order  given. 

STORAGE  CONDITIONS 

The  desired  temperature  and  humidity  conditions  were  obtained  by 
storing  the  onions  in  nine  galvanized-iron  chambers  approximately 
3  feet  6  inches  in  length,  2  feet  1 1  inches  in  width,  and  3  feet  4  inches 
in  height.  Three  of  each  of  these  chambers  were  installed  in  storage 
rooms  maintained  constantly  at  temperatures  of  32°,  40°,  and  50°  F. 
Because  of  the  free  conductivity  of  the  thin  metal  walls,  the  temper- 
ature of  each  group  of  chambers  closely  approximated  that  of  the 
storage  room  in  which  the  chambers  were  located.  Desired  humid- 
ities were  manually  controlled  by  exposing  different  quantities  of 
calcium  chloride  or  water  in  large  shallow  pans  under  slatted  false 
floors  in  each  chamber.  Air  circulation  was  supplied  in  each  group 
of  chambers  by  small  fans  driven  from  a  line  shaft  operated  by  a 
motor.  In  the  door  of  each  chamber  was  a  small  glass  window  through 
which  wet-  and  dry-bulb  thermometers,  directly  in  line  with  the  draft 
from  the  fan,  could  be  read.  Distilled  water  was  supplied  to  the  wet 
bulb  by  a  cotton  wick  extending  from  a  small  bottle  supported  just 
below  the  thermometer. 

During  the  seasons  of  1925-26  and  1926-27,  low,  medium,  and  high 
relative  humidities  in  each  group  of  chambers  at  each  storage  tem- 
perature were  arbitrarily  maintained  at  approximately  65,  80,  and 
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90  percent.  At  the  beginning  of  the  1927-28  season  it  was  decided 
to  adjust  the  relative  humidities  in  the  respective  groups  of  chambers 
so  that  there  would  exist  a  comparable  relative  evaporating  efficiency 
in  the  corresponding  low,  medium,  and  high  humidities  at  each  of  the 
temperatures  used.  With  the  lowest  humidity  readily  obtained  at 
32°  F.  as  a  basis,  the  other  humidities  were  determined  by  calculation 
and  were  maintained  as  nearly  constant  as  possible  by  the  method  of 
control  already  described.  The  calculated  humidities,  with  compar- 
able saturation  deficits,  are  given  in  table  1.  This  arrangement  of 
humidities  was  followed  during  the  rest  of  the  investigation. 

Table   1. — Calculated  humidities,   with  corresponding  saturation  deficits  at  32°, 
40°,  and  50°  F '.,  to  be  maintained  as  nearly  as  possible  in  the  storage  chambers 


Storage  temperature  (°F.) 

Low- 
relative 
humidity 

Saturation 

deficit 

(vapor 

pressure) 

in  mercury 

Medium 
relative 
humidity 

Saturation 

deficit 

(vapor 

pressure) 

in  mercury 

High 
relative 
humidity 

Saturation 

deficit 

(vapor 

pressure) 

in  mercury 

32 

Percent 
64.0 
72.9 
81.0 

Inch 
[         0.067 

Percent 
{        79.0 
\        85.0 
I        89.0 

Inch 
[         0.037 

Percent 
f        89.0 
\        93.5 
[        98.0 

Inch 

1 

40 - 

V          0. 016 

50 - 

YELLOW  GLOBE 


SEASON  OF  1925-26 

Two  lots  of  New  York-grown  stock  were  studied  during  the  season 
of  1925-26.  The  onions  of  lot  1  were  selected  and  purchased  from  a 
drying  shed  in  the  field  and,  being  well-matured  and  dry,  they  were 
bagged  and  expressed  direct  to  the  laboratory  at  Arlington  Experi- 
ment Farm.  They  arrived  on  November  1  and  because  of  delay  in 
the  preparation  of  certain  equipment  they  were  put  temporarily  in 
storage  at  40°  F.  with  a  relative  humidity  of  80  percent.  On  Novem- 
ber 1 1  the  onions  were  removed  to  the  workroom,  where  all  sprouted, 
decayed,  misshapen,  and  injured  specimens  were  discarded.  After 
the  contents  of  all  the  bags  had  been  thoroughly  mixed  together  to 
obtain  uniformity,  nine  1-bushel  slat  crates  were  filled  and  1  was 
stored    in  each  of  the  special  chambers. 

Lot  2  was  purchased  on  November  11  on  the  Washington  market. 
This  lot  was  taken  directly  from  a  car  that  had  just  arrived  from 
central  New  York,  and  although  only  of  fair  size  the  onions  were 
selected  because  they  were  rather  damp  and  not  well  cured.  To 
dry  off  the  surface  moisture  the  onions  were  emptied  into  slat  bushel 
crates  and  stacked  in  an  airy  location  in  the  workroom,  where  the 
windows  and  doors  remained  open  during  the  daytime.  On  Novem- 
ber 18  the  onions  were  sorted  and  mixed  in  the  same  manner  as  lot 
1  and  stored  in  the  same  chambers  in  slat  crates. 

Both  lots  were  inspected  on  January  7  and  February  16  to  deter- 
mine the  actual  numbers  of  specimens  remaining  dormant  and  those 
showing  sprouts  or  top  growth,  roots,  and  decay.  All  specimens 
showing  both  sprouts  and  roots  were  classed  as  sprouted.  In  this 
connection  it  is  desired  to  point  out  that  among  dealers,  sprouted 
onions  are  discounted  more  than  rooted  onions,  since  sprouted  onions 
are  usually  soft  and  not  usable,  whereas  rooted  onions  are  usually 
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relatively  firm  and  the  roots  readily  rub  off  in  handling.  After  each 
inspection  only  the  sound  dormant  specimens  were  returned  to  the 
storage  chambers.  The  results  of  the  inspections,  as  shown  in  table 
2,  are  expressed  in  percentages  and  are  cumulative  or  progressive; 
that  is,  the  results  of  each  inspection  are  combined  with  those  of  the 
preceding  one. 

Table  2. — Conditions  found  in  Yellow  Globe  onions  (seasons  of  1925-26  and 
1926-27)  after  storage  for  various  periods  at  32°,  40°,  and  50°  F.,  with  low  (65 
percent),  medium  (80  percent),  and  high  (90  percent)  relative  humidities  at  each 
temperature 


1925-26 


1926-27 


Days 
57 


97 


33 


32 


57 


Relative 
humidity 


Low 

Medium. 
High 


Low 

Medium. 
High.... 


Low 

Medium. 
High 

Low 

Medium. 
High 


Low 

Medium. 
High 


Low 

Medium. 
High 


Low 

Medium. 
High 


Low 

Medium. 
High 


Low 

Medium. 
High..... 


Low 

Medium. 
High 


Condition  after  storage  at  indicated  temperature 


32°  F. 


Pet. 
99.2 
96.4 
93.1 

97.7 
94.6 
85.3 

79.7 
79.3 
45.4 

71.4 
65.1 
17.0 


100.0 
100.  0 
97.0 

100.0 
100.0 
95.3 

98.2 
97.5 
97.6 

82.9 
83.1 
88.3 

97.6 
94.7 
90.5 

93.0 
88.2 
41.9 


Pet. 

0.0 

.4 

2.1 

0 
.4 
2.8 

.3 

.5 

2.4 


.5 
2.4 


.4 

1.4 

.5 
.9 
1.4 

0 
.9 
.0 

1.7 
2.0 
0 


Pet. 
0.4 
0 
2.2 

.4 
0 

7.8 


4.3 
36.6 

11.7 
13.7 
56.3 


0 
0 
2.6 

0 
0 
3.5 

0 
0 
.5 

.5 
0 
.5 

0 
0 
1.6 

0 

4.9 
47.0 


Pet. 
0.4 
3.2 
2.6 


5.0 
4.1 

10.6 
15.9 
15.6 


0 
0 
1.2 

1.8 

2.1 

.5 

16.1 
16.0 
9.8 

2.4 
4.4 
7.9 

5.3 
4.9 
11.1 


40°  F. 


Pet. 
92.1 
92.9 
89.2 

83.3 
85.8 
49.2 

68.4 
66.1 
32.4 

50.7 
43.0 
8.4 


99.2 
78.3 

98.7 
96.0 
77.1 

99.2 
96.5 


86.1 
82.4 


95.2 
84.8 
75.0 

58.3 
39.4 
32.4 


Pet. 
4.8 
3.9 
3.3 

10.5 
7.4 


4.9 
2.1 
7.5 


8.1 
4.7 
8.9 


.4 
.8 
.4 

.4 
2.2 
2.4 


3.2 
5.0 

2.4 
5.6 
8.1 

10.4 
18.6 
28.1 


Pet. 

0.9 

.8 

3.8 


3.2 

36.8 

16.6 
29.2 
49.5 


25.' 


0 
.8 
21.3 

0 

3.2 
22.1 

0 

.4 
5.7 

0 

.4 
6.0 

0 

4.8 
15.3 

27.0 
34.7 
31.8 


Pet. 
2.2 
2.4 
3.7 

5.3 
3.6 
4.4 

10.1 
2.6 
10.6 

15.3 
13.1 
13.7 


.4 

.4 

.9 

5.0 

13.0 
14.0 
19.1 

2.4 
4.8 
1.6 

4.3 
7.3 
7.9 


50°  F. 


Pet. 
94.0 
93.2 
82.2 


5.0 


42.9 
55.4 
35.2 

26.9 
41.0 
13.7 


100.0 
98.9 
91.0 

99.3 
97.4 
56.7 

95.3 
94.6 
87.2 

79.9 
73.5 
58.2 

94.4 
54.8 
52.2 

66.1 

30.4 

7.1 


Pet. 
3.7 
2.0 


9.2 
6.0 
16.7 


5.1 
3.5 

15.6 
10.7 
5.2 


.7 

.7 

.7 
1.1 
2.4 

1.4 
1.8 
0 

3.7 
2.4 
3.6 

4.8 
15.6 
0 

32.2 
29.7 
20.3 


Pet. 
1.4 
2.0 
4.4 

1.4 
2.0 
18.9 

25.5 
26.6 
49.3 

30.0 
27.9 
63.5 


0 
.4 
8.0 

0 

1.1 
40.6 


10.0 

0 

2.4 
22.5 

0 

17.8 
38.9 

0 

22.2 
63.7 


Pet. 
0.9 
2.8 
6.5 

2.8 
6.0 

18.5 

23.0 
12.9 
12.0 

27.5 
20.4 
17.6 


.3 


.4 
.3 

3.3 
2.7 

2.8 

16.4 

21.7 
15.7 


11.8 


1.7 
17.7 
8.9 


SEASON  OF  1926-27 


During  the  storage  season  of  1926-27,  3  lots  of  onions  were  studied, 
2  of  which  were  grown  in  the  Middle  West  and  1  in  the  Northeast. 
The  first  2  of  these,  referred  to  as  lots  3  and  4,  were  midwestern-  and 
eastern-grown,  respectively,  and  were  purchased  on  the  local  market 
October  16  and  left  in  the  workroom  at  Arlington  Experiment  Farm 
to  dry  off  until  October  18,  when  the  onions  of  each  variety  were 
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sorted,  thoroughly  mixed,  and  apportioned  into  18  slat  crates  holding 
a  bushel  each.  Crate  lots  were  put  in  storage  in  each  of  the  nine 
temperature  and  humidity  chambers  already  described.  These  were 
inspected  on  November  19  and  January  20,  and  the  results  are 
recorded  in  table  2. 

On  November  23  another  lot  of  midwestern-grown  onions  was  pur- 
chased on  the  market  and  left  in  the  workroom  until  the  following 
day,  when  it  was  sorted,  mixed,  and  stored  similarly  to  the  two  other 
lots.  This  will  be  known  as  lot  5.  Inspections  of  these  onions  were 
made  on  January  20  and  March  21,  and  the  results  are  shown  in 
table  2. 

RESULTS  FOR  SEASONS  OF  1925-26  AND  1926-27 

The  results  for  the  seasons  of  1925-26  and  1926-27  are  discussed 
separately  from  results  obtained  subsequently,  because  of  the  change 
in  the  adjustments  of  humidity  relations  in  the  later  work. 

A  marked  difference  was  seen  in  the  keeping  qualities  of  lots  1  and 
2  (table  2).  The  superiority  of  lot  1  may  be  attributed  to  the  fact 
that  the  bulbs  were  more  mature  when  stored.  After  the  inspection 
on  February  16,  lot  2  stored  at  the  high  humidities  was  discarded, 
since  most  of  the  onions  had  rooted  and  only  a  few  dormant  speci- 
mens were  left.  Figure  1  shows  the  average  results  after  approxi- 
mately 3  months'  storage  for  the  5  lots  of  Yellow  Globe  onions 
studied  during  this  time.  A  general  study  of  these  results  shows  the 
importance  of  both  low  temperature  and  low  humidity  in  keeping 
onions  dormant. 

Dormancy. — In  general  the  number  of  dormant  onions  remaining 
at  each  inspection  showed  a  marked  decrease  at  all  temperatures  as 
the  humidity  increased,  and  also  a  decrease  as  the  temperature 
increased. 

Sprouting  — Humidity  did  not  seem  to  influence  sprouting  or  top 
growth  consistently.  On  the  other  hand  there  was  an  apparent 
general  increase  in  sprouting  at  the  two  higher  temperatures. 

Rooting. — Root  growth  quite  definitely  increased  at  all  storage 
temperatures  as  the  humidity  was  increased,  but  there  was  no  appar- 
ent relation  to  temperature  except  at  the  high  humidity. 

Decay. — Contrary  to  what  might  be  expected,  no  consistent  rela- 
tion was  found  in  the  amount  of  decay,  under  the  different  storage 
conditions,  to  either  temperature  or  humidity. 

Loss  in  weight. — In  table  3  is  shown  the  progressive  loss  in  weight 
in  the  sublots  of  lot  3  (midwestern)  onions,  which  were  not  inspected 
but  were  weighed  at  certain  periods  during  storage.  This  loss  in 
weight,  expressed  in  percentage,  includes  both  the  loss  in  water  and 
in  carbon  dioxide  given  off  through  respiration  activities.  At  all 
temperatures  the  loss  decreased  slightly  as  the  humidities  increased, 
as  would  be  expected.  The  increasing  loss  as  the  storage  tempera- 
tures increased  can  probably  be  explained  as  due  to  increasing  trans- 
piration and  respiration. 
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Figure  1. — Average  condition  (expressed  in  percentage)  of  5  lots  of  Yellow  Globe  onions  after  approx- 
imately 3  to  4  months'  storage  at  32°,  40°,  and  50°  F.,  with  low  (65  percent),  medium  (80  percent),  and 
high  (90  percent)  humidities  at  each  temperature,  for  the  seasons  of  1925-26  and  1926-27. 
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Table  3. — Cumulative  loss  in  weight  in  midwestern  onions  during  storage,  season  of 

1926-27 


Weighing  date 

Storage 
tem- 
pera- 
ture 

Loss  in  weight  at  indi- 
cated humidity 

Weighing  date 

Storage 
tem- 
pera- 
ture 

Loss  in  weight  at  indi- 
cated humidity 

Low 

Medi- 
um 

High 

Low 

Medi- 
um 

High 

Oct.  18...     . 

0  F. 
1       32 

1        40 

Percent 
f    0.00 
1.16 
2.97 
4.97 
0 

1.80 
4.35 
6.78 

Percent 
0.00 
.99 
2.63 
4.39 
0 

1.57 
4.13 
6.44 

Percent 

0.00 

.23 

.87 

2.93 

0 

1.24 
2.96 
5.25 

Oct.  18 

°  F. 
\       50 

Percent 
i    0.00 
J     2.13 
i     5.18 
I    8.23 

Percent 
0.00 
1.53 
4.07 
7.00 

Percent 
0.00 

Nov.  22 

Nov.  22 

1.16 

Feb. 2 

Feb. 2 

3.27 

Mar.  23 

Mar.  23 

5.94 

Oct.  18 

Nov.  22.. 

Feb. 2    . 

Mar.  23 

SEASON  OF  1927-28 


In  the  season  of  1927-28  also,  eastern-  and  mid  western-grown  onions 
were  selected,  since  it  was  desired  to  study  each  season  onions  grown 
under  different  climatic  conditions.  Midwestern  onions  designated  as 
lot  1,  which  were  secured  on  the  Washington  market  on  November  12, 
were  well  matured  and  dry.  The  following  day  they  were  sorted 
and  mixed  as  usual,  and  duplicate  lots  were  put  into  bushel  slat  crates 
and  stored  at  32°,  40°,  and  50°  F.  However,  as  has  been  pointed 
out,  the  humidities  in  all  the  chambers  were  adjusted  so  that  the 
same  approximate  saturation  deficit  would  exist  in  corresponding 
chambers  at  the  different  temperatures  (table  1).  In  addition  to 
the  chamber  lots,  eighteen  100-pound  sacks  of  sorted  and  well-mixed 
onions  were  evenly  divided  and  stacked  in  two  rooms  held  at  32°,  in 
order  to  compare  onions  stored  in  crates  with  those  in  sacks  at  both 
low  and  high  humidities.  The  relative  humidity  of  these  rooms  was 
maintained  at  approximately  60  and  90  percent,  respectively. 

The  eastern-grown  onions,  designated  as  lot  2,  were  secured  in 
Washington  November  19  and  taken  direct  from  the  railroad  car  in 
which  they  were  shipped;  being  damp  and  not  well  cured,  they  were 
sorted  and  allowed  to  stand  in  crates  in  an  airy  location  at  Arlington 
Experiment  Farm  until  November  23.  On  this  date  duplicate  half- 
bushel  hamper  lots  were  put  in  storage  in  the  control  chambers,  while 
the  rest  of  the  purchase  was  put  into  eight  1 -bushel  slat  crates  and 
ten  100-pound  bags  and  divided  between  the  32°  F.  high  (90  percent) 
and  low  (60  percent)  humidity  rooms  in  which  the  mid-western 
onions  were  stored. 

Inspections  were  made  on  the  lots  of  onions  in  the  control  chambers 
on  January  9  and  March  12,  and  the  results  are  shown  in  table  4. 
Practically  all  of  the  midwestern-grown  onions  remained  dormant 
except  those  in  the  high-humidity  room  held  at  50°  F.,  where  con- 
siderable rooting  occurred.  The  eastern-grown  onions,  on  the  other 
hand,  showed  somewhat  more  sprouting  and  root  growth  and  con- 
siderably more  decay,  owing  perhaps  to  less  favorable  climatic  con- 
ditions for  thorough  curing. 

The  average  temperature  and  humidity  conditions  actually  main- 
tained in  the  storage  chambers  for  this  season,  as  well  as  the  succeed- 
ing seasons,  are  shown  in  table  5. 
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Table   5. — Average  temperatures  and  relative  humidities   maintained  in  storage 
chambers  during  the  seasons  of  1927-28,  1928-29,  and  1929-30 


Storage  conditions  witfc 

— 

Storage  season 

Low  humidity 

Medium  humidity 

High  humidity 

Temper- 
ature 

Humid- 
ity 

Temper- 
ature 

Humid- 
ity 

Temper- 
ature 

Humid- 
ity 

1927-28    .      

•P. 

32.6 
40.2 
49.4 
33.6 
40.8 
49.5 
33.4 
40.9 
50.0 

Percent 
66.0 
71.5 
80.6 
68.5 
74.4 
83.0 
64.0 
74.0 
84.0 

°F. 
31.5 
40.2 
48.7 
32.5 
40.8 
49.4 
32.4 
40.9 
50.0 

Percent 
79.7 
83.8 
90.5 
79.0 
84.7 
89.4 
78.0 
86.0 
90.0 

op 

31. 7 
40.3 
49.8 
32.6 
41.5 
50.9 
32.2 
41.9 
50.2 

Percent 
88.0 

1928-29               

94.2 
96.0 
89.0 

1929-30 

95.2 
98.4 
89.0 

94.0 
98.0 

The  onions  stored  in  100-pound  sacks  and  bushel  crates  at  32°  F. 
with  high  and  low  relative  humidities  were  inspected  only  on  March  12. 
The  midwestern  onions,  both  those  in  sacks  and  those  in  crates, 
showed  no  sprouting  or  rooting  and  less  than  0.1  percent  decay  at  either 
humidity.  The  average  percentage  loss  in  weight  per  sack  was  1.54 
and  0.81  for  low  and  high  humidities,  respectively.  The  inspection 
results  on  the  eastern  onions  stored  in  sacks  and  crates  at  high  and 
low  relative  humidity  at  32°  are  shown  in  table  6.  These  results 
indicate  little  difference  between  sack  and  crate  storage  at  the  low 
humidity,  but  the  crated  onions  at  the  high  humidity  did  show 
slightly  less  decay  and  slightly  more  rooting  but  no  difference  in 
sprouting,  as  compared  with  the  sacked  lot. 

Table  6. — Average  condition  and  weight  loss  in  sacked  and  crated  lots  of  eastern- 
grown  Yellow  Globe  onions  after  109  days'  storage  at  32°  F.,  with  high  and  low 
relative  humidities,  season  of  1927-28 


Containers 

Keeping  qualities  of  onions  in  indicated 
condition 

Decay  summary 

Relative 
humidity 

Dormant 

Sprouted 

Rooted 

Total 
loss  in 
weight 

Sound 

De- 
cayed 

Sound 

De- 
cayed 

Sound 

De- 
cayed 

Neck 
rot 

Other 
decay 

Total 

Low  . . 

Per- 
cent 
82.8 
75.6 
84.6 
81.1 

Per- 
cent 
16.5 
22.8 
14.9 
17.1 

Per- 
cent 
0.7 
.4 
.2 
.4 

Per- 
cent 
0.0 
.2 
.3 
.3 

Per- 
cent 

0.0 
.9 

0 

1.1 

Per- 
cent 

0.0 
.1 

0 

0 

Per- 
cent 
14.7 
20.9 
13.3 
16.2 

Per- 
cent 
1.8 
2.2 
1.9 
1.2 

Per- 
cent 
16.5 
23.  1 
15.2 
17.4 

Per- 
cent 
4  25 

High 

Low .. 

do 

Crates 

1.36 
4  66 

High 

do 

2.54 

SEASON  OF  1928-29 

Midwestern-  and  eastern-grown  onions  were  stored  during  the  sea- 
son of  1928-29  also.  The  midwestern  onions,  designated  as  lot  3  (table 
4),  were  secured  on  the  Washington  market  on  October  19.  The 
following  day  they  were  sorted  and  18  half-bushel  hamper  lots  were 
prepared  in  duplicate  and  put  in  each  of  the  humidity  chambers,  one 
lot  for  periodic  inspection  and  the  other  for  determining  the  weight 
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loss.  The  remaining  onions  were  weighed  into  twelve  100-pound  bags 
which  were  stored  at  32°  F.,  6  of  them  with  low  and  6  with  high 
relative  humidity. 

The  eastern-grown  onions,  designated  as  lot  4,  were  purchased  on 
the  Washington  market  on  November  1  but  were  not  placed  in  the 
humidity  chambers  until  November  6,  when  12  bags  of  these  also 
were  stored  at  32°  F.,  6  with  low  and  6  with  high  relative  humidity. 

The  usual  inspections  were  made  on  the  lots  in  the  humidity 
chambers  on  January  3  and  February  14;  the  results  are  included  in 
table  4.  The  average  temperature  and  humidity  conditions  actually 
maintained  during  the  storage  season  are  given  in  table  5. 

The  bag  lots  stored  at  32°  F.  with  low  and  high  relative  humidities 
were  again  weighed  and  inspected  on  March  15.  The  results,  ex- 
pressed in  percentages,  are  given  in  table  7. 

Table  7. — Average  condition  and  weight  loss  in  sacked  lots  of  midwestern-  and 
eastern-grown  Yellow  Globe  onions  after  129  days'  storage  at  an  average  tempera- 
ture of  32.2°  F.,  and  relative  humidities  averaging  61. 4  and  8J+.5  percent,  season 
of  1928-29 


Lot 


Midwestern. 
Eastern 


Relative  humidity 


Low. 
High 
Low. 
High 


Keeping  qualities  of  onions  in  indicated  condition 


Dormant 


Sound 


Percent 
91.9 
83.0 
97.2 
92.6 


De- 
cayed 


Percent 
1.8 
2.8 
1.2 
1.8 


Sprouted 


Sound 


Percent 

3.9 

2.4 

0 

.2 


De- 
cayed 


Percent 
0.4 


Rooted 


Sound 


Percent 

2.0 

11.0 

1.3 

5.4 


De- 
cayed 


Percent 
0.0 
.2 
0 
0 


Relative  humidity 

Decay  summary 

Shrinkage  by  weight 

Lot 

Neck 
rot 

Slimy 
soft  rot 

Total 

Culls 

Water 
loss 

Total 

Low 

Percent 

1.2 

2.2 

.4 

.4 

Percent 
1.0 
1.4 
1.1 

1.4 

Percent 
2.2 
3.6 
1.5 
1.8 

Percent 
2.5 
6.9 
9.8 
15.2 

Percent 
3.8 
1.9 
5.4 
3.3 

Percent 
6.3 

High. 

8.8 

15.2 

High.. 

18.5 

SEASON  OF  1929-30 

One  lot  of  Yellow  Globe  onions,  designated  as  lot  5,  was  studied 
during  the  season  of  1929-30.  They  were  well-matured  midwestern- 
grown  onions  purchased  on  November  26  on  the  Washington  market. 
The  following  day  they  were  sorted  and  divided  into  18  half -bushel 
hampers  and  ten  100-pound  bags.  The  hamper  lots  were  placed  in 
duplicate  in  the  various  humidity  chambers  and  the  bags  were  stored 
at  32°  F.,  5  with  low  and  5  with  high  humidity. 

The  onions  stored  in  hampers  were  inspected  on  January  27  and 
February  28  after  61  and  93  days'  storage,  respectively,  the  results 
being  given  in  table  4. 

The  sacked  lots  of  onions  were  inspected  after  93  days'  storage  at 
32°  F.  with  high  and  low  relative  humidities,  the  results  being  shown 
in  table  8.    The  average  temperature  and  humidity  conditions  main- 
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tained  during  the  storage  season,  from  November  26  to  March  20, 
are  shown  in  table  5. 

Table  8. — Average  condition  and  weight  loss  on  March  20  on  inspection  of  sacked 
lots  of  midwestern-grown  Yellow  Globe  onions  after  93  days'  storage  at  an  average 
temperature  of  32.4°  F.f  and  relative  humidities  of  64  and  81  percent,  season  of 
1929-30 


Relative  humidity- 

Keeping  qualities  of  onions  in  indicated  condition 

Dormant 

Sprouted 

Rooted 

Sound 

Decayed 

Sound 

Decayed 

Sound 

Decayed 

Percent 
94.5 
87.0 

Percent 
2.5 
3.2 

Percent 
1.2 
2.1 

Percent 

0.1 

.2 

Percent 
0.6 
6.3 

Percent 
1.2 

High                                     

1.0 

Relative  humidity 

Decay  summary 

Shrinkage  by  weight 

Neck 
rot 

Slimy 
soft  rot 

Brown 
spot  i 

Total 
decay 

Water 
loss 

Culls 

Total 

Percent 
2.6 
4.2 

Percent 

0.1 

.1 

Percent 
1.1 
.1 

Percent 
3.8 
4.4 

Percent 
4.7 
2.5 

Percent 
4.5 
12.6 

Percent 
9  2 

High 

15  1 

i  Brown  spot  was  a  firm  decay  found  in  certain  lots  of  onions.    Bacteria  were  isolated  from  these  tissues, 
but  a  causal  relation  was  not  established. 


RESULTS  FOR  SEASONS  OF  1927-28,  1928-29,  AND  1929-30 

The  results  of  inspections  of  the  5  lots  studied  during  this  period 
are  given  in  table  4,  and  the  averaged  results  after  approximately  3 
months'  storage  are  shown  graphically  in  figure  2.  By  adjusting  the 
relative  humidity  to  maintain  comparable  saturation  deficits  in  the 
low-,  medium-,  and  high-humidity  chambers  at  the  three  temperatures, 
an  entirely  different  interrelation  of  humidities  to  temperatures  was 
disclosed.  In  table  5  is  shown  the  average  seasonal  temperatures 
and  humidities  actually  maintained.  At  temperatures  above  32°  F. 
all  the  humidities  were  materially  higher  than  during  the  first  two 
seasons'  work  (1925-26  and  1926-27),  especially  in  the  low-humidity 
group.  However,  the  relations  of  temperature  and  humidity  to  con- 
dition at  inspection  remained  practically  the  same  as  in  the  first 
two  seasons. 

Dormancy. — The  several  lots  of  onions  differing  in  condition  before 
going  into  storage  showed  considerable  difference  in  keeping  quality. 
The  percentage  of  specimens  remaining  dormant  after  each  inspec- 
tion, however,  tended  to  decrease  more  or  less  uniformly  with  the 
increase  in  relative  humidity,  especially  as  the  storage  temperature 
increased.  In  most  instances  the  percentage  of  dormancy  at  the  50° 
F.  storage  with  low  humidity  was  greater  than  at  40°  with  high 
humidity.  In  the  sacked  lots  stored  at  32°  F.  with  low  and  high 
humidities  and  stacked  to  correspond  with  commercial  conditions, 
the  effect  of  increased  humidity  in  increasing  the  amount  of  rooting 
was  more  marked  than  in  the  lots  stored  in  the  smaller  chambers. 
Probably  this  was  owing  to  the  restricted  aeration  caused  by  the 
close  piling  of  the  sacks,  which  caused  a  higher  humidity  and  possibly 
a  higher  temperature  around  the  onions. 
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Sprouting. — As  has  been  pointed  out  (p.  7)  the  amount  of  sprouting 
did  not  vary  consistently  with  the  humidity,  but  it  did  increase  with 
the  storage  temperature  irrespective  of  the  humidity.    The  amount  of 
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Figure  2.— Average  condition  (expressed  in  percentage)  of  5  lots  of  Yellow  Globe  onions  after  approxi- 
mately 3  to  4  months'  storage  at  32°,  40°,  and  50°  F.,  with  low,  medium,  and  high  humidities  having  com- 
parable saturation  deficits  (0.067,  0.037,  and  0.016  inch  of  mercury)  for  the  seasons  of  1927-28,  1928-29, 
and  1929-30. 

sprouting  was  usually  negligible  at  the  two  lower  temperatures  but 
became  important  at  50°  F. 

Rooting.— The  amount  of  rooting  showed  a  definite  increase  as  the 
humidity  increased.     There  was  also  a  general  increase  in  rooting  as 
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the  storage  temperature  increased,  but  even  at  50°  F.  with  low 
humidity  the  amount  of  rooting  was  never  excessive. , 

Decay. — Beginning  in  1927-28,  at  each  inspection  all  decayed 
specimens  were  examined  and  classified  as  dormant,  sprouting,  or 
rooting;  in  addition  the  type  of  decay  present  was  reported  as  neck 
rot,  which  is  the  most  frequent  source  of  loss  in  storage  onions,  or  as 
other  decay.  The  preponderance  of  decay  was  found  to  be  neck  rot, 
but  a  small  amount  of  slimy  soft  rot  was  occasionally  found.  Other 
kinds  of  decay  occurred  so  infrequently  that  they  were  not  classified. 
While  the  total  amount  of  decay  in  storage  did  not  vary  altogether 
consistently  with  the  humidity,  there  seemed  to  be  a  slight  increase 
with  increased  humidity.  On  the  other  hand  there  was  a  general 
increase  in  decay  with  the  increase  in  storage  temperature,  irrespective 
of  humidity. 

WHITE  GLOBE 

White  Globe  onions  are  usually  considered  comparatively  poor 
keepers.  They  must  be  cured  more  carefully  than  the  yellow  varieties 
because  of  their  greater  susceptibility  to  decay,  which  not  only  de- 
stroys the  specimens  that  become  infectedbut  also  is  likely  to  stain 
or  discolor  other  onions  with  which  the  infected  specimens  are  in 
contact.  To  bring  the  best  price  these  onions  must  be  sound  and 
without  discoloration  or  stain. 

SEASON  OF  1925-26 

For  study  during  the  season  of  1925-26  a  lot  of  White  Globe 
onions  was  purchased  on  the  Washington  market  on  November  11. 
They  were  put  into  slat  crates  and  left  in  the  workroom  at  Arlington 
Experiment  Farm  until  November  18,  when  they  were  sorted,  mixed, 
apportioned  into  half-bushel  hampers,  and  stored  in  the  various 
temperature  and  humidity  chambers  already  described.  Inspections 
were  made  on  January  7  and  February  16.  Detailed  results  are  shown 
under  lot  1  in  table  9. 

SEASON  OF  1926-27 

The  onions  used  for  storage  experiments  during  the  season  of 
1926-27  were  purchased  on  the  Washington  market  October  16  and 
left  in  slat  crates  until  October  18,  when  they  were  sorted  as  usual 
and  stored  in  half-bushel  hampers.  Inspections  were  made  on  No- 
vember 19  and  January  20,  and  the  results  are  shown  under  lot  % 
in  table  9. 

SEASON  OF  1927-28 

The  onions  used  during  the  season  of  1927-28  were  purchased  in 
Washington  November  7  and  left  in  the  workroom  at  Arlington  Ex- 
periment Farm  until  November  8,  when  they  were  sorted  as  usual 
and  stored  in  half-bushel  hampers  in  the  various  temperature  and 
humidity  chambers.  Inspections  were  made  on  January  9  and  March 
12,  and  the  results  are  shown  under  lot  1  in  table  10. 

SEASON  OF  1929-30 

The  onions  used  during  the  season  of  1929-30  were  purchased  in 
Washington^  on  November  26  and  on  the  following  day  were  sorted 
and  stored  in  half-bushel  hampers  under  the  various  conditions  of 
temperature  and  humidity.  Inspections  were  made  on  January  27 
and  February  28,  and  the  results  are  shown  under  lot  2  in  table  10. 

111759°— 35 3 
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RESULTS 


A  comprehensive  summary  of  the  storage  results  for  White  Globe 
onions  is  given  in  figures  3  and  4.    Figure  3  shows  the  averaged  results 
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Figure  3.— Average  condition  (expressed  in  percentage)  of  5  lots  of  White  Globe  onions  after  approxi- 
mately 3  months'  storage  at  32°,  40°,  and  50°  F.,  with  low  (65  percent),  medium  (80  percent),  and  high 
(90  percent)  relative  humidities  at  each  storage  temperature,  seasons  of  1925-26  and  1926-27. 

of  all  lots  for  the  1925-26  and  1926-27  seasons  after  approximately 
3  months'  storage,  which  probably  represents  about  the  maximum 
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storage  period  for  a  large  part  of  the  commercial  crop,  while  figure  4 
shows  the  results  of  all  lots  for  the  seasons  of  1927-28  and  1928-29 
after  the  same  storage  period.  It  will  be  recalled  that  during  the 
first  two  seasons  the  same  humidities  were  maintained  at  the  different 


| 100 

so 

60 
70 

£  oso 

*     30 
20 
/O 

1           I 

I           l 

■ 

I           i           l 

1 

1           1           1 

0  £ 

—       ■       - 

1     .     . 

1           l           P 

a  i  zo 

■ 

1 

II 

1     1 

1           1           H 

H  §*o 

Q^20 
IO 

■ 

■              ■ 

1  , 

1  1  1 

1  1 

1  1  1 

1  1 

3Z°ST0RAGE 

WSTOBAGE 

50°  STORAGE 

HUM/D/TY 
LOW  Af£D/UM  H/GH 

Humidity 

low  medium  high 

Humidity 
low  medium  high 

Figure  4.— Average  condition  (expressed  in  percentage)  of  5  lots  of  White  Globe  onions  after  approxi- 
mately 3  months'  storage  at  32°,  40°,  and  50°  F.,  with  low,  medium,  and  high  relative  humidities  having 
comparable  saturation  deficits  (0.067,  0.037,  and  0.016  inch  of  mercury),  seasons  of  1927-28  and  1929-30. 

storage  temperatures,  whereas  in  subsequent  years  the  same  satura- 
tion deficits  were  maintained. 

Tables  9  and  10  indicate  rather  definitely  that  even  under  identical 
conditions  White  Globe  onions  did  not  keep  as  long  in  storage  as  the 
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Yellow  Globe.  Even  when  stored  under  the  most  favorable  conditions 
(32°  F.  with  low  humidity)  these  onions  usually  cannot  be  expected 
to  keep  in  a  moderately  salable  condition  longer  than  2  months.  In 
commercial  practice  it  is  seldom  possible  to  maintain  storage  condi- 
tions as  favorable  as  those  maintained  under  the  experimental  con- 
ditions described  herein.  Therefore,  the  commercial-storage  life  of 
these  onions  undoubtedly  is  often  shorter  than  the  storage  life  indi- 
cated above.  The  condensed  data  in  figures  3  and  4  indicate  that  the 
amount  of  sprouting,  while  almost  negligible,  increased  very  slightly 
with  an  increase  in  storage  temperature.  Root  growth  tended  to 
increase  with  the  humidity  and  generally  with  the  temperature. 
Decay  did  not  consistently  increase  with  either  the  temperature  or 
humidity,  but  there  appeared  to  be  a  slightly  greater  development  at 
the  higher  temperatures  and  humidities.  The  average  decay  was  con- 
siderably greater  in  these  onions  than  in  the  yellow  type  stored  under 
the  same  conditions  and  for  approximately  the  same  periods  of  time. 
Most  of  this  decay  was  classed  as  neck  rot. 

VALENCIA 

One  lot  of  Valencia  onions  grown  in  Walla  Walla  County,  Wash., 
was  received  at  the  laboratory  on  November  8,  1925,  having  been 
purchased  cm  the  market  in  Chicago  on  November  6  out  of  a  shipment 
that  had  just  arrived  from  the  grower.  It  is  quite  probable  that 
these  were  harvested  just  before  shipment.  After  standing  in  slat 
crates  in  the  workroom  at  Arlington  Experiment  Farm  until  Novem- 
ber 11,  the  onions  were  placed  in  hampers  and  put  in  the  storage 
chambers  at  various  temperatures  and  humidities.  Inspections  were 
made  on  December  1  and  January  7.  On  September  18,  1926,  another 
lot  from  the  same  source  was  purchased  in  Chicago  and  sent  to  the 
laboratory,  where  the  onions  were  put  in  storage  on  September  20. 
These  onions  were  inspected  on  November  19.  The  results  of  each 
inspection  are  shown  in  table  1 1 . 

The  combined  results  from  the  2  years'  storage  tests  indicate  that 
from  a  commercial  viewpoint  Valencia  onions  from  the  Walla  Walla 
district  cannot  be  expected  to  keep  profitably  much  longer  than  1 
to  2  months.  These  onions  are  very  succulent  when  harvested,  and 
owing  to  local  high  temperatures  and  humidities  the  bulbs  do  not  have 
optimum  conditions  for  satisfactory  curing  after  harvest.  Therefore, 
they  are  usually  consumed  soon  after  they  are  harvested.  It  will  be 
noted  that  decay  was  found  to  be  relatively  limited  during  storage, 
most  of  the  loss  being  due  to  root  growth,  even  at  the  lowest  tem- 
perature. 

On  October  15, 1930,  some  Valencia  onions  grown  in  Colorado  were 
purchased  just  after  arrival  on  the  Washington,  D.  C,  market  and 
half-bushel  basket  lots  were  apportioned  out  and  put  in  the  nine 
storage  chambers.  These  onions  appeared  to  be  well  matured,  firm, 
and  suitable  for  prolonged  storage.  They  were  inspected  on  Decem- 
ber 15  and  January  15  with  the  results  shown  in  table  12.  After  3 
months'  storage  at  32°  F.  with  all  humidities  and  at  40°  and  50°  with 
low  humidity,  there  was  in  each  case  less  than  5  percent  total  loss. 
The  actual  humidities  maintained  are  shown  in  table  5.  It  will  be 
noted  that  comparatively  little  decay  or  sprouting  developed  in  any 
of  the  conditions  and  that  the  principal  loss  occurred  through  rooting. 
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These  results  indicate  that  well-matured  onions  of  the  Valencia  type 
grown  in  the  Colorado  section  can  be  expected  to  keep  in  storage 
equally  as  well  as  the  best  of  the  Yellow  Globe  type. 


Table  12. — Conditions  found  in  Colorado-grown  Valencia  onions  (season  of 
1930-81)  after  storage  for  various  periods  at  32° ,  40°,  and  50°  F.,  with  low,  medium, 
and  high  relative  humidities  having  comparable  saturation  deficits  (0.067, 0.037,  and 
0.016  inch  of  mercury) 


Storage  conditions 


Keeping  qualities  of  onions  in  indicated 
condition 


Decay  summary- 


Stor- 
age 
period 


Tem- 
pera- 


Days 
61 


'F. 
32 


Dormant 


Relative  humidity 


Sound 


Low 

Medium 
High.... 

Low 

Medium 
High.... 

Low 

Medium 
High.... 

Low 

Medium 
High.... 

Low 

Medium 
High.... 

Low 

Medium 
High.... 


Per- 
cent 
100.0 
97.8 
98.0 
96.0 
66.7 
63.4 
93.0 
68.2 
42.6 
100.0 
97.8 
96.5 
92.0 
58.7 
48.8 
93.0 
25.0 
6.4 


De- 
cayed 


Per- 
cent 

0.0 

2.2 

0 

2.0 

0 

2.5 

0 

0 

0 

0 

2.2 

0 

2.0 

2.2 

2.5 

0 

0 

0 


Sprouted 


Sound 


Per- 
cent 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


De- 
cayed 


Per- 
cent 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Rooted 


Sound 


Per- 
cent 

0.0 

0 

2.0 

0 

33.3 
34.1 

7.0 
31.8 
55.3 

0 

0 

3.5 

4.0 
39.1 
48.7 

7.0 
75.0 
91.5 


De- 
cayed 


Per- 
cent 

0.0 

0 

0 

2.0 

0 

0 

0 

0 

2.1 

0 

0 

0 

2.0 

0 

0 

0 

0 

2.1 


Neck 
rot 


Per- 
cent 

0.0 

2.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.2 

0 

0 

0 

0 


Other 
decay 


Per- 
cent 

0.0 

0 

0 

4.0 

0 

2.5 

0 

0 

2.1 

0 

0 

0 

4.0 

0 

2.5 

0 

0 

2.1 


Total 


Per- 
cent 

0.0 

2.2 

0 

4.0 

0 

2.5 

0 

0 

2.1 

0 

0 

0 

4.  a 

2.2 
2.5 
0 

0 
2.1 


The  difference  in  the  reactions  of  the  Valencia  onions  from  these 
two  localities  is  thought  to  be  due  to  climatic  differences  during 
growth  and  harvest.  In  the  Walla  Walla  district  of  Washington  these 
onions  are  grown  under  hot,  humid  climatic  conditions,  resulting  in  a 
very  succulent  product.  After  harvest  they  are  not  given  an  oppor- 
tunity to  cure  out  well,  but  are  shipped  soon  after  they  are  pulled. 
In  the  Colorado  section  the  growing  conditions  include  a  cooler,  drier 
climate  producing  a  drier,  firmer  onion,  which,  when  cured  under  the 
prevailing  dry  atmosphere,  is  more  suitable  for  storage. 

BERMUDA  (AMERICAN  GROWN) 

On  May  27,  1930,  some  well-matured  Bermuda  onions  grown  in 
Texas  were  stored  in  half-bushel  hampers  under  the  usual  nine  tem- 
perature and  humidity  conditions.  Inspections  were  made  monthly 
until  July  25,  and  the  results  (table  13)  indicate  that  these  onions 
stored  at  32°  F.  with  low  and  medium  humidities  kept  in  good  condi- 
tion for  2  months.  At  the  higher  temperatures  deterioration  was 
rapid  and  even  at  40°  with  low  humidity  they  kept  well  for  only  1 
month.  In  all  lots  most  of  the  loss  was  due  to  rooting,  which  increased 
rapidly  as  the  humidity  increased.  After  the  July  25  inspection  all 
lots  were  discarded  except  those  from  32°  with  low  humidity.  The 
dormant  onions  were  returned  and  kept  until  August  25,  when  98  per- 
cent were  found  to  be  still  dormant. 
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Table  13. — Conditions  found  in  Texas-grown  Bermuda  onions  after  storage  for 
various  periods  at  82°,  40°,  and  50°  F.,  with  low  (65  percent),  medium  (80  per- 
cent), and  high  (90  percent)  relative  humidities  in  1930 


Storage  conditions 


Keeping  qualities  of  onions  in  indicated 
condition 


Decay  summary 


Stor- 
age 
period 


Tem- 
pera- 
ture 


Dormant 


Relative  humidity 


Sound 


De- 
cayed 


Sprouted 


Sound 


De- 
cayed 


Rooted 


Sound 


De- 
cayed 


Neck 
rot 


Other 
decay 


Total 


Days 
30 


Low 

Medium. 
High.... 

Low 

Medium- 
High 

Low 

Medium . 
High— . 

Low 

Medium  . 

High 

Low 

Medium- 
High.... 

Low 

Medium. 
High"  — 


Per- 
cent 
100.0 
98.0 
98.0 
90.0 
31.1 
26.7 
40.6 
16.4 

3.0 
100.0 
91.0 
86.8 
26.9 

0 

0 
11.8 

3.8 


Per- 
cent 

0.0 

2.0 

0 

0 

0 

1.9 
.9 

1.0 

0 

0 

1.8 

0 

0 

0 

1.9 
.9 

1.0 


Per- 
cent 

0.0 

0 

0 

0 

2.0 

1.0 

9.9 

3.8 
15.0 

0 

0 

0 

13.8 
20.8 

9.5 
23.4 
15.4 


Pr- 
cent 

0.0 

0 

0 

0 

0 

0 

0 

0 

3.0 

0 
.5 

0 


Per- 
cent 

0.0 

0 

2.0 
10.0 
63.0 
69.5 
47.7 
75.0 
68.0 

0 

6.7 
13.2 
58.4 
77.3 
85.8 
63.0 
76.0 


Per- 
cent 

0.0 

0 

0 

0 

3.9 


Per- 
cent 
0.0 
1.0 
0 
0 

3.9 
2.8 
1.8 
4.8 
14.0 
0 

1.0 
0 
.9 
1.9 
4.7 
1.8 
4.8 


Per- 
cent 

0.0 

1.0 

0 

0 

0 

0 

0 

0 

0 

0 

1.3 

0 

0 

0 

0 

0 

0 


Per- 
cent 
0.0 
2.0 
0 
0 

3.9 
2.8 
1.8 
4.8 
14.0 
0 

2.3 
0 
.9 
1.8 
4.7 
1.8 
4.8 


Onions  discarded. 


ONION  SETS 


During  the  seasons  of  1928-29  and  1929-30  onion  sets  of  the 
Yellow  Strasburg,  Red  Wethersfield,  and  White  Portugal  varieties, 
which  for  brevity  will  hereafter  be  referred  to  simply  as  yellow,  red, 
and  white  sets,  were  stored  under  the  conditions  already  described. 

The  sets  used  in  the  1929-30  season  were  Wisconsin-grown  and 
were  harvested  between  September  3  and  13.  After  curing  for  6 
weeks  in  the  field,  the  usual  commercial  practice,  they  were  shipped 
to  a  storage  warehouse  in  Chicago.  Here  the  storage  lots  were 
purchased  and  shipped  by  express  to  the  laboratory  at  Arlington 
Experiment  Farm,  arriving  on  October  6.  In  order  to  store  them  in 
the  restricted  space  allowed  in  the  metal  chambers,  special  slat- 
bottom  trays  18  inches  square  by  4  inches  deep  were  built  to  simulate 
as  nearly  as  possible  the  type  of  trays  used  in  commercial  onion-set 
storage  houses.  These  commercial  trays  are  usually  about  3  feet 
square  by  4  inches  deep.  On  arrival  of  the  yellow  and  red  sets  each 
lot  was  well  mixed  and  placed  in  the  trays,  care  being  taken  not  to 
fill  them  to  the  top  in  order  to  insure  air  circulation  over  the  tops  of 
the  sets  when  the  trays  were  stacked. 


SEASON  OF  1928-29 


During  the  season  of  1928-29,  in  order  to  allow  the  sets  to  dry 
out,  trays  of  each  variety  were  stacked  in  the  workroom  until  Octo- 
ber 10,  when  a  tray  of  each  variety  was  stored  in  each  chamber. 
The  contents  of  the  other  nine  trays  of  each  variety,  after  being 
carefully  hand-sorted  to  remove  all  decayed  or  injured  specimens, 
were  likewise  stored.  The  unsorted  lot  of  each  variety  will  be 
referred  to  as  " field-run";  the  other  lot  will  be  designated  as  "hand- 
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sorted."     Only  a  field-run  lot  of  white  sets  was  studied,  and  these 
were  mixed  and  handled  in  the  same  manner  as  the  other  sets. 
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Figure  5. — Condition  (expressed  in  percentage)  of  field-run  Yellow  Strasburg  onion  sets  after  storage  at 
32°,  40°,  and  50°  P.,  with  low,  medium,  and  high  relative  humidities,  from  October  16,  1928,  to  March  23, 
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On  March  23  all  the  trays  were  removed  from  storage  and  the 
contents  inspected  to  determine  by  actual  count  the  number  of  sets 


too 
so 
so 

70 

eo 
so 

40 
30 
20 
10 

D 

i 

n 

1 

11 

20 
10 

Q 

.  :  y 

b   y  1 

§1 

60 
SO 

*o 

30 
20 
IO 

1 

i   i 

1 

.  1 

I  1 

1 1 

B«j 

20 
IO 

n  n 

■ 

32° STORAGE 

40°STORAGE 

50°  STORAGE 

Ht/M/O/TY 
LOW  MEDIUM  HIGH 

Hum  id/ty 

LOW  MEDtUM  HIGH 

HuM/D/TY 
LOW  MEDIUM  HIGH 

SOUND 


3    DECAYED 


Figure  6.— Condition  (expressed  in  percentage)  of  hand-sorted  Yellow  Strasburg  onion  sets  after  storage 
at  32°,  40°,  and  50°  F.,  with  low,  medium,  and  high  relative  humidities,  from  October  16, 1928,  to  March  23, 
1929. 

remaining  dormant  and  those  that  were  sprouted,  rooted,  or  decayed. 
The  results  of  the  final  inspections  are  shown  in  figures  5  to  9.     When 
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the  hand-sorted  and  field-run  lots  are  compared,  there  is  apparent 
a  very  slight  advantage  in  favor  of  the  hand-sorted  lots,  accounted 
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Figure  7.— Condition  (expressed  in  percentage)  of  field-run  Red  Wethersfleld  onion  sets  after  storage 
at  32°,  40°,  and  50°  F.,  with  low,  medium,  and  high  relative  humidities,  from  October  16, 1928,  to  March  23 
1929. 

for  largely  by  somewhat  less  decay.     The  advantage  is  less  than 
the  figures  appear  to  indicate,  since  in  hand-sorting  an  average  of 
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about  5  percent  of  decay  was  removed  before  the  storage  period  was 
begun.     Under  such  conditions  it  is  doubtful  if  the  extra  time  and 
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Figure  8.— Condition  (expressed  in  percentage)  of  hand-sorted  Red  Wethersfield  onion  sets  after  storage 
at  32°,  40°,  and  50°  F. ,  with  low,  medium,  and  high  relative  humidities,  from  October  16, 1928,  to  March  23, 


labor  required  for  this  sorting  is  justified  by  the  results.  The  some- 
what greater  loss  in  weight  in  the  field-run  lot  was  undoubtedly  due 
to  the  greater  amount  of  gross  decay. 
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Figure  9.— Condition  (expressed  in  percentage)  of  field-run  White  Portugal  onion  sets  after  storage  at 
32°,  40°,  and  50°  F.,  with  low,  medium,  and  high  relative  humidities,  from  October  16, 1928,  to  March  23, 
1929. 
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SEASON  OF  1929-30 

The  sets  used  during  the  season  of  1929-30  were  of  the  same  three 
varieties  as  were  used  the  preceding  season.  They  were  grown  in 
northern  Indiana  and  represented  only  field-run  lots.  After  about 
6  weeks  of  the  usual  field  curing,  a  lot  of  each  variety  was  expressed 
to  the  laboratory  at  Arlington  Experiment  Farm,  where  they  arrived 
November  29.  The  sets  were  placed  in  nine  trays  for  each  variety, 
the  contents  of  each  tray  weighing  about  1 1  pounds.  The  trays  were 
stacked  in  the  workroom  until  December  2,  when  they  were  stored 
in  the  several  chambers  already  described. 

On  March  18,  at  the  end  of  the  storage  period,  the  total  loss  in 
weight  was  determined.  After  being  weighed  the  sets  were  inspected 
as  usual  to  determine  the  number  remaining  dormant  and  those  that 
were  sprouted,  rooted,  and  decayed.  The  percentage  loss  in  weight 
due  to  the  different  storage  conditions  is  shown  in  table  14,  while  the 
inspection  results  are  shown  in  figures  10,  11,  and  12. 


-Percentage  loss  in  weight  of  yellow,  red,  and  white  onion  sets  after 

40°,  and  50°  F.,  with  low, 


Table  14.- 

storage  from  Dec.  2,  1929,  to  Mar.  18,  1930,  at  82c 

medium,  and  high  relative  humidities  (having  saturation  deficits  of  0.067,  0.037, 

and  0.016  inch  of  mercury)  at  each  storage  temperature 


Loss  in  weight  of  specified  variety  after  storage  at  indicated  temperature 

Relative  humidity 

32°  F. 

40°  F. 

50°  F. 

Yellow 

Red 

White 

Yellow 

Red 

White 

Yellow 

Red 

White 

Low - 

Percent 
22.2 
15.8 
9.5 

Percent 

24.3 

17.8 

9.7 

Percent 
26.3 
20.6 
10.8 

Percent 
16.7 
15.0 
12.1 

Percent 
25.9 
13.9 
10.2 

Percent 
19.3 
14.8 
13.1 

Percent 
18.3 
16.8 
11.4 

Percent 
18.0 
16.5 
10.6 

Percent 
17  7 

16  4 

High     

14  7 

RESULTS 

A  review  of  the  results  of  both  seasons'  work  shows  the  importance 
of  a  comparatively  low  humidity  in  keeping  sets  in  a  sound  dormant 
condition  and  free  from  decay  or  top  and  root  growth.  In  comparing 
the  results  from  all  the  conditions  there  is  shown  in  general  as  great 
differences  between  those  from  the  different  humidities  at  each  tem- 
perature as  is  seen  between  the  same  humidities  in  the  different  tem- 
peratures. In  all  lots  the  greatest  number  of  onions  remaining  sound 
and  dormant  was  found  at  32°  F.  with  low  humidity,  although  at 
all  temperatures  there  was  comparatively  little  difference  in  the  results 
from  the  low  and  medium  humidities.  At  the  high  humidities  in 
every  temperature  there  was  a  marked  drop  in  the  number  of  sets 
remaining  dormant  and  an  increase  in  sprouted  and  rooted  specimens. 
Unlike  the  large  onions,  the  sets  showed  in  general  a  more  or  less 
distinct  increase  in  sprouting,  rooting,  and  decay  as  the  storage 
temperatures  and  the  humidities  increased.  In  general,  the  red  sets 
kept  slightly  better  than  the  other  varieties.  The  decay  was  practi- 
cally all  neck  rot,  with  a  few  specimens  of  slimy  soft  rot  at  the  high 
humidities. 
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Figure  10.— Condition  (expressed  in  percentage)  of  field-run  Yellow  Strasburg  onion  sets  after  storage  at 
32°,  40°,  and  50°  F.,  with  low,  medium,  and  high  relative  humidities,  from  December  2, 1929,  to  March  18, 
1930. 
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Figure  11. — Condition  (expressed  in  percentage)  of  field-run  Red  Wethersfield  onion  sets  after  storage  at 
32°,  40°,  and  50°  F.,  with  low,  medium,  and  high  relative  humidities,  from  December  2, 1929,  to  March  18, 
1933. 
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Figure  12.— Condition  (expressed  in  percentage)  of  field-run  White  Portugal  onion  set;)  after  storage  at 
32°,  40°,  and  50°  F.,  and  low,  medium,  and  high  relative  humidities  from  December  2, 1929,  to  March  18, 
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PHYSIOLOGICAL  BREAK-DOWN 

A  condition  resembling  freezing  injury  and  often  diagnosed  as  such 
has  been  repeatedly  noted  in  various  lots  of  onions  on  the  market  by 
both  dealers  and  investigators.  However,  careful  investigation  of  the 
history  of  these  lots  indicated  that  the  possibility  of  freezing  being  the 
cause  of  the  trouble  was  very  doubtful.  This  condition  has  frequently 
been  the  basis  for  damage  claims  for  freezing  injury  against  carriers 
and  storage-house  owners.  For  want  of  a  better  term  the  condition 
will  be  referred  to  as  physiological  break-down.  p  Like  freezing  injury, 
physiological  break-down  is  marked  by  a  grayish  water-soaked  dis- 
coloration in  certain  scales,  usually  in  those  at  or  near  the  surface  of 
the  onion  but  may  be  found  in  one  or  more  deeper  scales.  This 
condition  may  include  only  a  part  of  the  scale  or  may  extend  entirely 
around  the  scale  affected. 

Complaints  regarding  this  condition  prompted  the  writers  during 
field  trips  in  early  February,  both  in  1927  and  1928,  to  take  particular 
care  to  investigate  onions  stored  in  various  localities.  At  several 
points  in  New  York,  Massachusetts,  and  Ohio,  onions  were  carefully 
examined,  and  the  condition  was  found  in  several  specimens  in  typical 
commercial  storage  houses,  the  owners  of  which  were  positive  that  the 
onions  had  never  been  frozen.  In  all  cases  they  had  been  brought 
from  the  fields  before  freezing  weather,  and  no  evidence  of  freezing 
injury,  usually  characterized  by  localization  of  the  damage  near  the 
outside  walls  of  the  house  or  near  doors,  could  be  found;  instead,  the 
affected  bulbs  were  found  scattered  throughout  the  storage  houses. 
In  September  1928  several  commercial  onion-growing  centers  in 
Massachusetts;  Long  Island,  New  York;  Ohio;  and  Wisconsin  were 
visited  and  onions  in  the  field  were  examined;  in  nearly  every  case 
some  evidence  of  physiological  break-down  was  found,  although  no 
freezing  had  taken  place.  The  results  from  cutting  50  specimens  in 
each  lot  are  as  follows: 

Lot  no. 
1 
2. 
3. 
4. 
5. 
6. 
7. 

Many  of  the  specimens  showed  only  traces  of  the  break-down, 
and  since  much  of  it  was  in  the  outer  scales  it  is  thought  that,  after  the 
usual  amount  of  drying  out  before  storing,  this  condition  may  dis- 
appear. These  results  are  significant  in  that  they  prove  that  a 
physiological  break-down  which  resembles  freezing  injury  may  be 
found  in  the  field  before  freezing  weather  has  arrived  in  onions  that 
are  normal  in  external  appearance  and  that  under  certain  conditions 
lots  containing  many  such  specimens  may  get  into  storage.  Thus 
when  this  condition  is  discovered  it  might  easily  be  mistaken  for 
freezing  damage.  Correspondence  with  an  inspector  of  food  products, 
working  in  the  Walla  Walla  section  of  Washington,  revealed  the  fact 
that  onions  in  that  locality  sometimes  show  this  condition  in  the  field. 

In  order  to  determine  whether  storage  temperature  or  humidity 
influences  the  development  of  physiological  break-down,  samples  of 


Number 
showing 
0.                                     break-down 

9 

Lot  no. 

8 

9 

Number 

showing 

break-down 

1 

11 

3 

11 

10 

11 

12 

13 

0 

10 

0 

14 

7 

1 

4 

6 
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20  specimens  from  several  lots  stored  in  the  special  chambers  already 
described  were  cut  and  examined  at  the  end  of  the  storage  period. 
Representative  samples  of  these  lots  were  examined  before  going  into 
storage,  and  the  break-down,  although  very  limited  in  extent,  was 
found  in  about  2  percent  of  the  onions.  The  results  of  these  inspec- 
tions are  shown  in  table  15.  The  only  significance  apparent  in  these 
results  is  a  tendency  toward  an  increase  in  break-down  in  storage  at 
the  higher  humidities  at  40°  and  50°  F. 

From  12  commercial  bag  lots  of  Yellow  Globe  onions  stored  at  32°  F. 
with  both  low  and  high  humidities,  50  specimens  were  cut  open  and 
examined  at  the  end  of  the  storage  period.  No  examinations  of  these 
onions  were  made  before  they  went  into  storage,  but  all  were  from  the 
general  lot  which  had  been  thoroughly  mixed  and  apportioned  into 
100-pound  lots  before  being  stored  under  the  two  humidity  con- 
ditions. The  results  showed  a  distinctly  greater  amount  of  break- 
down at  the  higher  humidity  (4.7  percent)  than  at  the  lower  humidity 
(2.3  percent),  although  none  of  this  deterioration  was  at  all  serious. 
In  most  cases  it  was  represented  by  a  very  limited  amount  of  watery 
discoloration  in  the  outer  scale  only. 

Table  15. — Physiological  break-down  found  after  approximately  8-months'  storage 
in  sample  lots  of  20  onions  each  held  at  three  temperatures  and  humidities 


Relative  humidity 

Number  of  specimens  of  indicated  variety  showing  break-down 

Storage 
tem- 
pera- 
ture 

Yellow  Globe 

White  Globe 

Walla 
Walla 
Valen- 
cia 

Lot  1 

Lot  2 

Lot3 

Lot  4 

Lot  5 

Total 

Lot  1 

Lot  2 

Total 

Lotl 

32 

Low ... 

1 
4 
1 
0 
2 
3 
0 
3 
1 

1 
0 
0 
0 
0 
0 
2 
0 
2 

2 
2 
0 
0 
1 
0 
0 
0 
2 

1 
0 
1 

1 
0 

1 
1 

5 
2 

0 
0 
2 
0 

0 
7 
1 
0 
2 

5 
6 
4 
1 
3 
11 
4 
8 
9 

0 
2 
0 
0 
1 
1 
0 
1 
2 

0 
1 
0 
0 
0 
0 

1 

3 
0 

0 
3 

0 
0 

1 

1 
1 

4 
2 

2 

Medium 

4 

High 

1 

40 

0 

Medium..    . 

0 

High        

0 

50 

0 

Medium 

High. 

0 
2 

The  conclusion  to  be  drawn  from  the  investigations  of  break-down 
is  that  a  condition  resembling  freezing  injury  sometimes  occurs  in 
onions  as  they  come  from  the  field  and  that  it  may  develop  further 
under  certain  storage  conditions.  The  presence  of  break-down 
greatly  complicates  the  identification  of  true  freezing  injury  that  has 
occurred  either  in  the  field,  in  transit,  or  in  storage.  A  complete 
history  of  any  given  lot  of  onions  is  obviously  required  before  a  satis- 
factory conclusion  can  be  drawn  regarding  the  cause  of  the  trouble. 


SUMMARY 


In  order  to  study  the  influence  of  different  temperature  and 
humidity  conditions  on  keeping  quality,  onions  and  onion  sets  of 
several  varieties  were  stored  for  various  periods  at  temperatures  of 
32°,  40°,  and  50°  F.,  with  low,  medium,  and  high  humidities  at  each 
temperature. 
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Periodic  inspections  were  made,  and  all  specimens  showing  sprout- 
ing or  top  growth,  rooting,  and  decay  were  recorded  and  discarded. 

In  general,  the  amount  of  sprouting  in  stored  onions  was  influenced 
little  by  the  humidity,  but  increased  with  an  increase  in  the  tempera- 
turd,  whereas  rooting  increased  with  humidity  and  was  little  influenced 
by  temperature.  The  amount  of  decay  appeared  to  show  only  a 
general  slight  tendency  to  increase  as  both  temperatures  and  humidi- 
ties increased,  but  this  was  not  marked.  Most  of  the  decay  was 
identified  as  neck  rot. 

Onion  sets  showed  an  increase  in  sprouting,  rooting,  and  decay  as 
the  storage  temperatures  increased  and  as  humidities  increased  at 
each  storage  temperature. 

For  keeping  both  onions  and  onion  sets  in  a  sound  dormant  state  the 
best  storage  conditions  were  found  to  be  32°  F.  and  a  low  relative 
humidity  of  about  64  percent. 

A  condition,  having  symptoms  which  were  apparently  the  same  as 
those  resulting  from  freezing  injury,  was  found  in  onions  both  in 
storage  and  in  the  field  before  freezing  had  occurred.  This  condition, 
referred  to  as  physiological  break-down,  is  sometimes  found  in  stored 
commercial  lots  of  onions.  It  is  often  confused  with  freezing  injury 
and  has  been  the  cause  of  legal  action  against  carriers  and  storage- 
house  operators.  In  control  lots  put  up  in  100-pound  bags  and 
stored  at  32°  F.  at  both  low  and  high  humidities,  the  number  of 
specimens  showing  break-down  at  the  high  humidity  was  greater 
than  the  number  of  specimens  showing  break-down  at  the  low 
humidity.  Aside  from  this,  no  new  information  was  obtained  on  the 
control  of  this  trouble. 
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DEVELOPMENT  OF  THE  APPLE  INDUSTRY  IN  THE  UNITED  STATES 

Apples  have  been  grown  in  this  country  since  early  colonial  times 
but  production  on  a  commercial  scale  dates  from  about  the  middle  of 
the  last  century,  when  orchards  were  being  developed  in  western 
New  York.  Apple  trees  were  bearing  fruit  near  Vancouver,  Wash., 
as  early  as  1834.  There  was  probably  some  planting  in  the  Willa- 
mette Valley  in  Oregon  within  the  next  10  years.  During  the 
California  gold  rush  in  1849,  Oregon  apples  sold  at  $10  a  bushel,  and 
6,000  bushels  sold  in  1855  at  $20  to  $30  a  bushel. 

1  This  bulletin  is  based  partly  on  earlier  publications  of  this  Bureau  (3,  -02.  The  Divisions  of  Farm  Man- 
agement and  Costs,  Crop  and  Livestock  Estimates,  Statistical  and  Historical  Research,  Foreign  Agri- 
cultural Service,  and  Cold  Storage  Reports,  all  of  the  Bureau  of  Agricultural  Economics,  and  the  Farm 
Credit  Administration,  have  contributed  material  for  this  bulletin. 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  81. 
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High  prices  in  the  Civil  War  period  and  during  the  following 
decade  stimulated  planting  in  western  New  York  and  to  some  extent 
in  eastern  New  York  and  in  New  England.  From  about  1875  to 
1885  there  was  a  period  of  depression  in  the  apple  industry.  Later, 
higher  prices  led  to  a  rapid  growth  of  orcharding  in  the  Ozarks,  and 
in  Illinois  and  Michigan,  and  to  increased  planting  in  the  Cumberland- 
Shenandoah  area  in  the  South  Atlantic  States.  Some  orchards  were 
started  in  the  Pacific  Northwest  and  extensive  planting  took  place  in 
central  California. 

Another  period  of  depression  followed  and  then  came  a  period  of 
rapid  increase  in  plantings  in  the  Northwest  and  in  the  Rocky  Moun- 
tain States  from  1895  to  1910.  In  the  East  also  planting  was  at  a 
rapid  rate  during  this  period,  especially  in  Virginia  and  nearby  States. 
As  production  from  these  plantings  increased  many  farm  orchards 
and  those  in  poorer  locations  were  neglected  and  many  of  these  trees 
have  now  been  removed  or  have  gone  out  of  production. 

Economic  factors  have  been  forcing  adjustments  until  at  the 
beginning  of  the  business  depression  in  1929,  the  industry  was  gen- 
erally better  equipped  for  the  efficient  production  of  apples  than  at 
any  time  in  recent  years.  There  has  been  an  increase  in  the  propor- 
tion of  the  better  varieties  and  an  increase  in  the  average  yield  per 
tree  since  1910  owing  to  improved  methods  of  production  and  to  a 
tendency  to  concentrate  production  in  commercial  orchards  in  the 
districts  that  are  well  adapted  to  apple  growing,  and  to  the  fact  that 
many  trees  reached  the  age  of  maximum  production  in  this  period. 

PRODUCING  REGIONS 

The  Pacific  Coast  States  and  others  as  far  east  as  and  including 
Montana,  Wyoming,  Colorado,  and  New  Mexico  are  known  in  trade 
nomenclature  as  the  western  or  box-apple  region.  In  the  other 
regions,  which  are  the  North  Atlantic,  North  Central,  South  Atlantic, 
and  South  Central,  the  bushel  basket  and  barrel  are  the  principal 
apple  containers  used.  These  four  regions  are  sometimes  referred 
to  as  the  eastern  regions  or  the  East.  States  included  in  the  North 
Atlantic  region  are  the  New  England  States,  New  York,  New  Jersey, 
and  Pennsylvania;  in  the  North  Central  region,  Ohio,  Indiana, 
Illinois,  Michigan,  Wisconsin,  Minnesota,  Iowa,  Missouri,  North 
Dakota,  South  Dakota,  Nebraska,  and  Kansas ;  in  the  South  Atlantic 
region,  Delaware,  Maryland,  Virginia,  West  Virginia,  North  Caro- 
lina, South  Carolina,  Georgia,  and  Florida;  and  in  the  South  Central 
region,  Kentucky,  Tennessee,  Alabama,  Mississippi,  Arkansas, 
Louisiana,  Oklahoma,  and  Texas. 

Most  of  the  western  apples  are  marketed  in  boxes  but  large  quantities 
are  shipped  in  bushel  baskets  particularly  from  Idaho  and  Colorado. 
In  the  other  regions  as  a  whole,  the  bushel  basket  is  now  the  most 
important  apple  package,  having  largely  replaced  the  barrel  in  some 
districts.  New  England  apples  are  marketed  chiefly  in  boxes  and 
a  few  shippers  in  other  areas  in  the  East  pack  their  fruit  in  boxes. 

PRODUCTION  AND  PRODUCTION  TRENDS 

Apple  production  in  the  United  States  is  classed  as  "  total "  crop  and 
"commercial"  crop.  The  commercial  crop  is  that  part  of  the  total 
crop  which  is  sold  for  consumption  as  fresh  fruit. 
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There  is  frequently  a  wide  variation  from  year  to  year  in  the  size  of 
the  total  apple  crop  as  shown  in  figure  1 .  The  commercial  crop  is 
mostly  produced  in  districts  where  growing  conditions  are  relatively 
favorable  and  by  growers  who  through  experience,  size  of  holdings, 
and  proper  cultural  methods  are  better  able  to  obtain  good  yields. 
Therefore  the  commercial  crop  has  not  fluctuated  in  size  from  year  to 
year  as  greatly  as  has  the  total  crop. 

Total  production  for  the  United  States  and  for  the  eastern  regions 
as  a  whole,  and  for  the  western  region,  separately  by  5-year  periods, 
from  1904  to  1933,  is  shown  in  table  1.  The  first  official  estimate  of 
the  crop  was  made  in  1889,  and  for  the  5  years  beginning  in  1889  the 
crop  averaged  about  131,000,000  bushels.  The  production  from 
1894  to  1898  averaged  174,000,000  bushels,  which  was  considerably 
greater  than  the  average  production  in  the  period  1929-33  of  155,- 
000,000  bushels.     In  the  period  1899-1903  the  average  was  185,000,000 


1910-11 


'30-31 


•35-36 


•15-16  '20-21  '25-26 

Figure  1.— apple  production.  Exports,  and  adjusted  Farm  Price,  1910-11 

to  Date. 
The  commercial  apple  crop  does  not  fluctuate  in  size  from  year  to  year  as  much  as  does  the  total  crop. 


bushels.^  In  1904-08  the  crop  averaged  171,000,000  bushels.  The 
high  point  in  5-year  average  production  was  in  1914-18,  with  203,- 
000,000  bushels.  The  average  quantity  grown  in  the  period  1929-33 
was  about  9  percent  less  than  in  1904-08. 

Table  1. — Total  production  of  apples  in  the  eastern  regions,  the  western  region,  and 
the  United  States,  averages  of  5-year  periods,  1904  to  1933 


Period 

Eastern 
regions  i 

Western 
region  2 

United 
States 

Period 

Eastern 
regions  ■ 

Western 
region  2 

United 
States 

1904-08 

1909-13 

1914-18 

Bushels 
157,994,000 
157,  341, 000 
171,914,000 

Bushels 
13, 020, 000 
18, 999, 000 
30,  784,  000 

Bushels 
171, 014, 000 
176, 340, 000 
202,  698,  000 

1919-23 

1924-28. 

1929-33  3 

Bushels 
111,526,000 
111,652,000 
100, 033, 000 

Bushels 
51,  338, 000 
54, 586, 000 
54,  721,  000 

Bushels 
162, 864, 000 
166,  238, 0C0 
154,754,000 

States  east  of  Colorado. 

2  Colorado  and  States  westward. 

3  Includes  the  December  estimate  of  production  for  1933. 


1 


TECHNICAL   BULLETIN    474,  U.  S.  DEPT.  OF    AGRICULTURE 


Table  2. —  Total  apple  production  by  States  and  regions  and  relation  of  each  State's 
average  production  to  United  States  total  1928-38 


1928 

1929 

1930 

1931 

1932 

19331 

1928-33 

State  and  region 

Average 
produc- 
tion 

Rela- 
tion to 
United 

States 
average 

1,000 

bushels 

1,023 

899 

524 

2,392 

273 

1,225 

18,  228 

3,  328 

8,460 

1,000 

bushels 

2,260 

823 

1,014 

2,308 

272 

784 

13,  992 

2,149 

6,040 

1,000 

bushels 

2,115 

1,242 

744 

4,182 

452 

1,516 

22,  742 

3,959 

9,884 

1,000 

bushels 

1,179 

520 

800 

1,575 

270 

615 

17,  902 

3,400 

14,  000 

1,000 

bushels 

2,575 

950 

1,090 

3,525 

375 

1,420 

22, 197 

3,640 

9,537 

1,000 

bushels 

1,884 

1,131 

1, 027 

3,486 

350 

1,184 

16,  060 

3,380 

7,293 

1,000 

bushels 

1,839 

928 

867 

2,911 

332 

1,124 

18,  520 

3,309 

9,202 

Percent 
1   2 

New  Hampshire 

6 

Vermont.,  .. 

5 

Massachusetts 

1.8 
2 

7 

11  7 

New  Jersey ._    . 

2  1 

5  8 

North  Atlantic 

36,  352 

29,  642 

46,  836 

40,  261 

45,  309 

35,  795 

39,  032 

24.6 

Ohio- 

6,380 

2,  300 

5,018 

4,  924 

2,341 

1,485 

2,080 

2,419 

238 

357 

818 

2,541 

1,085 

3,360 

6,760 

1,907 

905 

1,539 

2,000 

161 

634 

1,308 

4,023 

1,240 

3,780 

5,588 

1,015 

359 

923 

1,412 

117 

338 

600 

14,  600 
3,600 
8,265 

10, 132 
1,827 
1,180 
1,620 
5,412 
11 
500 
1,910 

5, 145 

871 

2,300 

5,800 

1,914 

660 

1,827 

928 

192 

627 

546 

4,380 

819 

2,112 

8,651 

1,938 

960 

1,425 

3,  132 

68 

370 

1,431 

6,178 

1,652 

4,139 

6,  976 

1,824 

925 

1,569 

2,551 

131 

471 

1,102 

3  9 

1  0 

2  6 

4  4 

Wisconsin ------- 

1  2 

Minnesota 

.6 

1  0 

Missouri-     .  ..  

1.6 

South  Dakota- 

.  l 

Nebraska -     --. 

.3 

Kansas -  --  . 

.7 

28,  360 

22,  200 

19,  395 

49,  057 

20,  810 

25,  286 

27,  518 

17  4 

Delaware - 

1,366 
1,820 
16, 100 
8,060 
4,899 
328 
1,320 

910 
2,087 
13,  054 
5,716 
2,465 
180 
643 

1,694 
1,533 
7,700 
3,812 
2,538 
265 
1,065 

1,800 

3,458 
21,117 
12,  954 

5,328 
320 

1,  440 

1,096 
1,368 
7,830 
4,191 
1,825 
164 
640 

932 

1,312 

10,900 

4,200 

5,  254 

279 
1,150 

1,300 
1,  930 
12,  783 
6,489 
3,718 
256 
1,043 

.8 

Maryland.    -.. . 

1.2 

Virginia--  , .     ..  

8.  1 

West  Virginia -  -     -- 

4.  1 

2  3 

.  2 

Georgia - 

33, 893 

25,  055 

18,  607 

46,  417 

17,114 

24,  027 

27,  519 

17  4 

Kentucky 

3,920 
2,881 
754 
198 
1,660 
22 
278 
153 

1,  318 

1,297 

437 

140 

1,273 

17 

487 

188 

800 

1,220 

656 

156 

1,389 

24 

205 

114 

4,606 

3,375 

1,100 

260 

3, 124 

30 

378 

150 

720 

936 

252 

51 

1,368 

8 

387 

135 

2,340 

2,194 

648 

174 

1,925 

22 

350 

98 

2,284 

1,984 

641 

163 

1,  790 

20 

348 

140 

1.4 

Tennessee  --      -  ..-  .. 

1.3 

Alabama --.  -.. -  .1. 

.4 

.  l 

1  1 

(2) 

Oklahoma -  _  

.2 

Texas-.,  .-. .  -  .. 

.  1 

South  Central 

9,866 

5,157 

4,564 

13,  023 

3,857 

7,751 

7,370 

4.6 

Montana ;.; 

624 

5,355 

66 

2,730 

811 

62 

880 

82 

37,  840 

6,700 

13, 100 

555 

5,350 

56 

2,251 

1,136 

84 

610 

42 

29,  500 

3,800 

7,880 

426 

5,  425 

50 

976 

461 

78 

1,200 

50 

37,  850 

5,810 

11,  644 

420 

5,  000 

24 

2,000 

1,082 

96 

400 

35 

31,  400 

4,150 

9,112 

562 

4,200 

53 

2,139 

726 

77 

924 

49 

30,  960 

4,950 

3  9,  045 

525 

5,244 

50 

1,454 

285 

51 

313 

39 

29,  240 

4,095 

9,672 

519 

5,096 

50 

1,925 

750 

75 

721 

49 

32,  798 

4,917 

10,  076 

.3 

3.2 

Wyoming- 

(2) 

Colorado. .  

1.2 

New  Mexico 

.  5 
.  1 

Utah    

.5 

(2) 

20.7 

Oregon ,  -  .-. 

3.1 

6.4 

Western 

68,  250 

51,  264 

63,  970 

53,  719 

63,  68fi 

50,  968 

56:  976 

36.0 

United  States 

176,  721 

133,  318 

153,  372 

202,  477 

3 140,  775 

143,  827 

158,  415 

100.0 

'  Preliminary. 

2  Less  than  0.05  percent. 

3  Includes  220,000  bushels  not  harvested  on  account  of  marketing  conditions. 

Division  of  Crop  and  Livestock  Estimates. 
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The  size  of  the  crop  in  the  eastern  regions  averaged  158,000,000 
bushels  in  1904-08.  It  reached  a  peak  of  172,000,000  bushels  in 
1914-18,  then  declined  to  100,000,000  bushels  in  1929-33,  whereas 
the  western  crop  increased  from  13,000,000  bushels  in  1904-08  to 
55,000,000  bushels  in  1929-33.  Western  production  has  increased 
but  slightly  since  1919-23  when  the  average  for  the  period  was  about 
51,000,000  bushels. 

For  the  6  years  ended  in  1933  about  25  percent  of  the  total  apple 
crop  of  the  United  States  was  grown  in  the  North  Atlantic  region, 
17  percent  in  the  north-central  region,  17  percent  in  the  South  Atlantic 
region,  5  percent  in  the  south-central  region,  and  36  percent  in  the 
western  region  (table  2).  The  leading  State  was  Washington,  with 
one-fifth  of  the  total  production,  followed  by  New  York,  with  12  per- 
cent. 

Nearly  half  of  the  commercial  crop  (45  percent)  has  been  produced 
in  the  western  region  during  the  6-year  period  ended  in  1933.  Com- 
mercial production  averaged  about  94,000,000  bushels  during  the 
period.  One-fourth  was  grown  in  the  North  Atlantic  States.  The 
north-central  and  South  Atlantic  regions  supplied  13  and  15  percent 
of  the  commercial  crop,  respectively  (table  3). 

Three-fifths  of  the  United  States  apple  crop  has  been  classed  as 
commercial  production,  on  the  average.  The  proportion  of  the  crop 
that  is  commercial  varies  in  the  different  States  and  regions.  In  the 
western  region,  usually  about  75  percent  of  the  crop  is  commercial 
(fig.  2).  Corresponding  figures  were  for  the  North  Atlantic  region 
60  percent,  for  the  north-central  region  46  percent,  for  the  South 
Atlantic  region  52  percent,  and  for  the  south-central  region  22  percent 
(table  3).  The  relation  of  commercial  to  total  crop  varies  widely 
among  States  even  in  the  same  region.  For  example,  the  California 
crop  in  the  period  1928-33  averaged  53  percent  commercial  compared 
with  93  percent  in  Colorado. 

According  to  the  1930  census,  there  were  about  116,000,000  apple 
trees  in  the  United  States,  of  which  about  89,000,000  were  of  bearing 
age  and  27,000,000  or  23  percent  of  the  total  were  not  of  bearing  age 
(figs.  3  and  4). 

In  a  survey  of  commercial  orchards  in  41  States  in  1928,  made  by 
the  Bureau  of  Agricultural  Economics  in  cooperation  with  certain 
State  agencies,  the  ages  of  commercial  trees  were  obtained.  Of  the 
80,806,000  commercial  trees  in  these  States  it  was  calculated  that 
22,438,000,  or  28  percent,  were  under  9  years  old  in  1928;  38  percent 
were  9  to  18  years  old,  22  percent  were  19  to  28  years  old,  and  12 
percent  were  29  years  or  older  (table  4). 

Many  uncertain  factors  enter  into  a  calculation  of  the  future  trend 
in  commercial  apple  production,  based  on  the  age  distribution  of 
trees.  The  average  bearing  life  of  trees,  the  mortality  rate  among 
young  trees,  the  effect  of  shifts  in  varieties  and  locations,  changes  in 
cultural  practices,  and  the  effect  of  severe  weather  conditions  are 
some  of  the  factors  to  be  considered.  In  general  it  may  be  said  that 
the  age  distribution  of  commercial  trees  suggests  that  for  some  years 
ahead  there  is  likely  to  be  ample  production  of  apples  in  seasons  of 
near-average  weather  conditions,  and  in  unusually  favorable  growing 
seasons  very  large  crops  and  difficult  marketing  situations  may  be 
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Table  3. — Commercial  apple  production  by  States  and  regions,  relation  of  each 
State's  commercial  crop  to  United  States  commercial  crop,  and  relation  of  com- 
mercial crop  to  total  crop  by  States,  1928-33 


1928 

1929 

1930 

1931 

1932 

19331 

1928-33 

State  and  region 

Aver- 
age pro- 
duc- 
tions 

Rela- 
tion to 

United 
States 
com- 
mercial 
crop 

Com- 
mercial 
crop 
com- 
pared 
with 
total 
crop  ot 
each 
State 
or  re- 
gion 

1,000 

bushels 

775 

615 

330 

1,734 

180 

850 

12,  690 

2,300 

3,129 

1,000 

bushels 

1,500 

531 

660 

1,620 

174 

510 

9,900 

1,500 

2,550 

1,000 
bushels 

1,380 
800 
477 

3,000 

300 

957 

15,  990 

2,910 

3,873 

1,000 

bushels 

690 

350 

498 

1,098 

189 

402 

11,  700 

2,130 

5,514 

1,000 
bushels 

1,392 
675 
729 

2,502 

246 

981 

13,  650 

2,  352 

3,750 

1,000 

bushels 

1,017 

849 

675 

2,490 

231 

855 

9,600 

2,145 

2,154 

1,000 
bushels 

1,126 
637 
561 

2,074 

220 

759 

12,  255 

2,223 

3,495 

Percent 

1.2 

.7 

.6 

2.2 

.2 

.8 

13.0 

2.3 

3.7 

Percent 
61.2 

68.6 

64.7 

71.  2 

66.3 

67.5 

66.2 

67.2 

Pennsylvania 

38.0 

North  Atlantic 

22,  603 

18,  945 

29,  687 

22,  571 

26,  277 

20,  016 

23,  350 

24.7 

59.8 

Ohio     

1,800 
810 

3,  500 

3,200 
550 
150 
375 

1,422 
100 
540 

1,020 
400 

2,274 

4,750 
450 
125 
300 

1,002 
220 
864 

1,200 
500 
2,600 
3,500 
210 
36 
200 
750 
150 
396 

4,056 

1,100 
,  5,  400 

6,000 
390 
114 
•255 

2,539 
273 

1,290 

1,524 

400 

1,650 

3,500 

396 

66 

321 

501 

285 

360 

1,260 
234 

1,518 

5,184 

408 

99 

255 

1,620 
168 
939 

1,810 
574 

2,824 

4,356 

401 

98 

284 

1,306 
199 
731 

1.9 
.6 

3.0 

4.6 
.4 
.1 
.3 

1.4 
.2 
.8 

29.3 

34.7 

68.2 

62.4 

22.0 

10.6 

18.1 

51.2 

42.2 

66.3 

North  Central.    .  

12,  447 

11,  405 

9,542 

21,  417 

9,003 

11,685 

12,  583 

13.3 

45.7 

1,200 

1,326 

11,100 

4,410 

800 

400 

819 

1,410 

9,300 

4,200 

510 

300 

1,401 

990 

4,350 

2,040 

700 

480 

1,200 

1,950 

10,  500 

5,100 

840 

450 

726 
756 
5,889 
2,700 
357 
225 

636 

657 

5,400 

2,100 

1,011 

354 

997 

1,182 

7,756 

3,  425 

703 

368 

1.1 
1.3 
8.2 
3.6 
.7 
.4 

76.7 

61.2 

60.7 

52.8 

18.9 

Georgia - 

35.3 

South  A  tlantic 

19,  236 

16,  539 

9,961 

20,  040 

10,  653 

10, 158 

14,  431 

15.3 

52.4 

600 
350 

1,242 
60 

150 

200 

630 

66 

100 

200 

780 

21 

900 

450 

1,173 

60 

90 
150 
696 

66 

288 

228 

1,074 

60 

355 

263 

932 

56 

.4 
.3 
1.0 
(2) 

15.5 

13.3 

52.  1 

Oklahoma.  ... 

16.  1 

2,252 

1,046 

1,101 

2,  583 

1,002 

1,650 

1,606 

1.7 

21.8 

450 

4,287 

2,500 

600 

24 

600 

30,900 

5,100 

6,861 

420 

4,698 

2,061 

1,011 

30 

450 

24,687 

2,250 

4,413 

393 

4,590 

917 

306 

27 

945 

33,  597 

4,470 

6,522 

330 

3,805 

1,880 

540 

30 

210 

25,  893 

2,079 

4,647 

336 

3,060 

2,  013 

495 

24 

591 

23,  760 

3,150 

5,211 

264 
4,515 
1,362 

168 

"219" 

21,  000 

1,800 

4,380 

365 

4,159 

1,789 

520 

22 

502 

26,  640 

3,142 

5,339 

.4 

4.4 

1.9 

.6 

(2) 

.5 

28.2. 

3.3 

5.7 

70.3 

81.6 

92.9 

69.3 

29.3 

Utah 

69.6 

81.2 

63.9 

53.0 

51,  322 

40,  020 

51,  767 

39,  414 

38,  640 

33,  708 

42,  478 

45.0 

74.6 

United  States. 

107,  860 

87,  955 

102,  058 

106,  025 

85,  575 

77,  217 

94,  448 

100.0 

5y.  u 

1  Preliminary. 

•  Less  than  0.05  percent. 

Division  of  Crop  and  Livestock  Estimates. 
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expected.     No  rapid   increase  in  commercial  production,  such  for 
instance  as  occurred  in  the  Northwest  from  1910  to  1920,  is  in  prospect. 
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.APPLE  PRODUCTION  BY  REGIONS.  AVERAGE.  1928-33 


percent  figures  in cihci.es  show  the relation  of 
commercial  ro  total  crop,  figures  under  circles 
are  for  total  production  in  thousands  of  bushels 


All 


Figure  2.— In  the  western  region  about  three-fourths  of  the  apple  crop  is  classed  as  commercial  production. 
In  the  other  regions  the  commercial  crop  is  a  smaller  proportion  of  the  total. 

When  the  various  regions  and  States  are  studied  with  respect  to 
age  of  commercial  trees  and  production  trends  it  is  observed  that  there 
were  fewer  young  trees  in  the  western  region  than  in  other  regions  in 
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Figure  3.— Bearing  apple  trees  are  widely  distributed  throughout  the  United  States  but  are  most  numerous 

in  the  northeastern  quarter. 

1928  (table  4  and  figs.  3  and  4).     The  proportion  of  young  trees  under 
9  years  old  was  greatest  in  the  north-central  region. 

VARIETIES 

In  a  study  and  discussion  of  apple  marketing  it  is  essential  to  keep 
in  mind  the  general  characteristics  and  relative  importance  of  leading 
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varieties.  Some  varieties,  as  Mcintosh  and  Delicious,  are  of  high 
quality  and  are  used  largely  for  dessert  purposes  or  for  eating  out  of 
hand.  The  York  Imperial  and  Rhode  Island  Greening  are  used 
chiefly  as  cooking  apples,  although  the  former  variety  is  eaten  out  of 
hand  to  a  considerable  extent.  The  Rome  Beauty  is  generally  used 
for  baking.  Others,  as  Baldwin  and  Stayman  Winesap,  are  adapted 
to  general  use. 


Table  4. — Estimated  number  of  apple  trees  in  commercial  orchards,  by  age  groups. 

in  41  States,  Jan.  1,  1928 


State  and  region 

Under  9 
years 

9  to  18 
years 

19  to  28 
years 

29  years 
and  over 

Total 

Maine..  _ 

1,000  trees 
349 
150 
139 
585 
25 
176 

2,389 
687 

1,369 

1,000  trees 

330 

213 

230 

722 

60 

230 

2, 593 

663 

1,966 

1,000  trees 

344 

73 

7 

160 

34 

188 

1,638 

269 

792 

1,000  trees 

1,001 

172 

22 

249 

28 

88 

2,423 

154 

565 

1,000  trees 

2,024 

608 

398 

1,716 

147 

6«2 

9,043 

1,773 

4,692 

New  Hampshire-    .     ..  .. 

Vermont  _. .  .  ... 

Massachusetts 

Rhode  Island, -..  .. 

Connecticut    .-  .  .  ...  .  . 

New  York.. ..  .._  _ 

New  Jersey.  .  .. ...     . 

Pennsylvania...  1 

North  Atlantic.  .  ...  _  ... 

5, 869 

7,007 

3,505 

4,702 

21,083 

Ohio 

1,068 
460 

1,805 

1,271 
160 
128 
364 

1,  465 
159 
446 

1,  536 

484 

1,057 

1,533 

245 

175 

153 

45. 

76 

239 

609 
295 
694 
862 
260 
169 
221 
841 
16 
288 

269 
112 
507 
745 
192 
34 
124 
335 
22 
87 

3,482 
1   351 

Indiana .  ...  .. 

Illinois ..     ..  . .. 

4,063 

4,411 

857 

Michigan... ..  .  . 

Wisconsin .  ..        _  

Minnesota .  _..     ..  . 

506 

Iowa.   ..      . 

862 

Missouri ..  .. ...  . 

3,092 

Nebraska1         ..  .  .  ...  ...  . 

273 

Kansas ...     

1,060 

North  Central 

7,326 

5,949 

4,  255 

2,427 

19, 957 

Delaware ._.  ...  ..  .  .. 

158 
388 
1, 164 
956 
607 
157 
322 

527 

693 
3,348 
1,962 

876 
30 

492 

160 

252 

1,828 

1,147 

405 

10 

95 

41 

65 

793 

447 

187 

1 

14 

886 

Maryland ...  ...     . 

1,398 

Virginia .  . 

7,133 

West  Virginia 

4,512 

North  Carolina  ___  .     .. 

2,075 

South  Carolina..      .  .  . 

198 

Georgia 

923 

South  Atlantic.   ..  

3,  752 

7,928 

3,897 

1,548 

17, 125 

Kentucky.. ._.... 

697 

733 

177 

1,327 

574 

663 
238 

19 
449 

91 

199 
338 
44 
1,148 
162 

123 
36 

2 
118 

2 

1.682 

Tennessee..     '.,...,    _...._ 

1,345 

Alabama .     __ 

242 

Arkansas .  __  _  .. 

3,042 

Oklahoma..  ...  _.      _  __ 

829 

South  Central.  _ 

3,508 

1,460 

1,891 

281 

7,140 

31 

167 

1 

54 

78 

23 

54 

1,106 

93 

376 

213 

1,042 

17 

335 

261 
23 

258 
3,559 
1,301 
1,464 

264 

121 

(2) 

484 

116 

9 

143 

1,595 

483 

943 

1 

6 

(2) 

193 

47 

1 

20 

108 

24 

487 

509 

Idaho 

1,336 

18 

Colorado                  _  

1,066 

502 

Arizona 

56 

Utah 

475 

Washington..  . 

6,368 

Oregon     .  _  ___  

1,901 

California  3 

3,270 

1,983 

8,473 

4, 158 

887 

15,  501 

Total 

22,  438 

30,817 

17,706 

9,845 

80,806 

i  Figures  for  Nebraska  are  for  7  counties:  Richardson,  Nemaha,  Otoe,  Cass,  Sarpy,  Douglas,  and  Wash- 
ington. 

2  Less  than  500  trees. 

3  Figures  for  California  are  for  commercial  districts  of  Watsonville,  Sebastopol,  and  Yucaipa. 

Bureau  of  Agricultural  Economics  1928  survey:  orchards  of  100  or  more  trees,  classed  as  commercial, 
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Varieties  must  also  be  considered  with  respect  to  their  marketing 
season  and  keeping  qualities.  The  Yellow  Transparent  is  an  early 
apple,  marketed  in  July  and  August.  The  Williams,  Gravenstein, 
and  Oldenburg  are  late  summer  or  early  fall  apples. 


Figure  4.— In  general  most  of  the  plantings  of  apple  trees  in  the  decade  ended  in  1930  were  in  the 
districts  where  older  trees  are  most  numerous.    Plantings  in  the  West  were  relatively  light. 
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The  Jonathan  and  Grimes  Golden,  Mcintosh,  York  Imperial,  and 
others  are  marketed  and  used  largely  through  the  fall  or  early  winter. 
Winesap,  Yellow  Newtown,  and  Ben  Bavis  are  among  the  varieties 
that  keep  well  and  can  be  held  over  for  marketing  in  the  spring  and 
early  summer.  The  marketing  season,  general  use,  leading  sources, 
and  characteristics  of  leading  apple  varieties  are  shown  in  table  5. 

The  present  differential  in  price  among  varieties  is  not  the  only 
factor  that  should  influence  growers  in  selecting  varieties  to  plant. 
The  average  yields  and  prospective  shifts  in  varieties,  among  other 
things,  have  a  bearing  on  returns. 

Trees  of  the  Delicious  variety  were  most  numerous  in  commercial 
orchards  according  to  the  survey  of  1928.  Of  the  commercial  trees, 
8.5  percent  were  Delicious,  8.2  percent  were  Winesap,  7.8  percent 
Jonathan,  6.8  percent  Baldwin,  and  6  percent  Stayman  Winesap. 
Table  6  shows  the  proportion  of  a  number  of  varieties  in  the  com- 
mercial tree  population.  The  number  of  trees  is  also  shown  by 
varieties  and  districts  and  the  age  distribution  by  varieties. 

Table  6. — Estimated  number  of  apple  trees  of  16  important  varieties,  in  commercia 
orchards  in  J±l  States  by  regions,  and  age  distribution  of  trees  of  each  variety, 
Jan.  1,  1928  i 


North 
Atlan- 
tic 

North 
Cen- 
tral 

South 
Atlan- 
tic 

South 
Cen- 
tral 

West- 
ern 

United  States 

Age  distribution  of  etich 
variety 

Variety 

Num- 
ber 

Rela- 
tion 
to 
total 

Un- 
der 9 
years 

9  to  18 
years 

19 
years 
and 
over 

Tot  al 

Delicious. 

1,0G0 

trees 
946 
153 
264 

4,785 

1,155 
845 
530 
578 

2,509 

243 

22 

1,105 
221 

1,  306 

202 
5,321 

1,000 

trees 

1,686 

1,059 

2,737 

634 

883 

1,449 

1,143 

357 

347 

1,181 

(2) 

874 

790 

143 

457 

(2) 

6,217 

1,000 

trees 

1,497 

2,205 

388 

71 

2,069 

889 

726 

2,501 

36 

695 

375 

55 

474 

(2) 

15 

5 

5,124 

1,000 
trees 
836 
714 
586 
(2) 
470 
1, 153 
230 
116 
(2) 
217 
(2) 

7 

346 

10 

(2) 

(2) 

2,455 

1,000 

trees 

1,879 

2,484 

2,  350 

16 

264 

203 

1,699 

53 

461 

123 

1,922 

38 

24 

3 

39 

1.079 

2,864 

1,000 
trees 
6,844 
6,615 
6,325 
5,506 
4,841 
4,539 
4,328 
3,605 
3,353 
2,459 
2,319 
2,079 
1,855 
1,462 
1,409 
1,286 
21, 981 

Per- 
cent 
8.5 
8.2 
7.8 
6.8 
6.0 
5.6 
5.4 
4.5 
4.  1 
3.0 
2.9 
2.6 
2.3 
1.8 
1.7 
1.6 
27.2 

Per- 
cent 
56.9 
26.3 
30.4 
12.7 
38.3 

6.6 
23.4 
11.4 
46.3 
37.7 

4.9 
22.8 
50.9 
21.1 
22.5 
17.4 
26.1 

Per- 
cent 
38.6 
48.4 
44.1 
26.0 
50.6 
15.8 
52.6 
38.7 
40.5 
41.0 
36.3 
47.1 
34.2 
23.1 
34.5 
50.6 
34.7 

Per- 
cent 
4.5 
25.3 
25.5 
61.3 
11.1 
77.6 
24.0 
49.9 
13.2 
21.3 
58.8 
30.1 
14.9 
55.8 
43  0 
32.0 
39.2 

Per- 
cent 
100 

Winesap         . 

100 

Jonathan.  ..     .. 

100 

Baldwin  .  ._  ... 

100 

Stayman  Winesap 

100 

Ben  Davis 

100 

Rome  Beauty  ..    . 

100 

York  Imperial  _ 

100 

Mcintosh ...     . 

100 

Grimes  Golden.     .     . 

100 

Yellow  Newtown..     .. 

100 

Wealthy 

100 

Yellow  Transparent 

Rhode  Island  Greening 

Northern  Spy..          .     .. 

100 
100 
100 

Gravenstein... . 

100 

Other  varieties . 

100 

Total  or  average. -.'.- . 

21,083 

19, 957 

17, 125 

7,140 

15,  501 

80,  806 

100.0 

27.8 

38.1 

34.1 

100 

1  States  included  are  those  listed  in  table  4.    Figures  for  Nebraska  and  California  are  for  only  the  districts 
mentioned  in  footnotes  2  and  4,  table  4. 

2  Less  than  500  trees. 

Bureau  of  Agricultural  Economics,  1928  survey;  orchards  of  100  or  more  trees  were  classsed  as  commercial. 

Some  varieties,  as  Delicious  and  Winesap,  are  widely  grown 
throughout  the  United  States.  Others  are  grown  mostly  in  one  dis- 
trict or  region.  A  large  part  of  the  Baldwin  and  Rhode  Island  Green- 
ing trees  are  in  the  North  Atlantic  region.  Most  of  the  York  Imperial 
trees  are  in  the  South  Atlantic  States.  More  than  five-sixths  of  the 
Gravenstein  trees  are  in  California  and  the  others  are  mostly  in  New 
England.  The  North  Atlantic  region  leads  in  Mcintosh  production, 
and  the  north-central  and  western  regions  are  the  chief  sources  of  the 
Jonathan, 
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Since  1918,  relatively  large  numbers  of  trees  of  the  so-called  high- 
quality  varieties,  as  Delicious  and  Mcintosh,  have  been  planted. 
Fifty-seven  percent  of  the  Delicious  trees  in  the  1928  survey  were 
under  9  years  old  and  only  about  5  percent  were  19  years  or  more  of 
age.  The  corresponding  figures  for  Mcintosh  were  46  and  13  percent. 
Some  of  the  varieties  with  a  relatively  large  proportion  of  old  trees 
were  Baldwin,  Ben  Davis,  and  Yellow  Newtown  (table  6). 

DESCRIPTION  OF  IMPORTANT  APPLE  AREAS  AND  DISTRICTS 

The  business  of  apple  growing  has  tended  to  become  concentrated 
in  certain  districts  where  conditions  of  production  and  marketing  are 
favorable.  The  location  of  these  districts  is  shown  in  figure  3.  In 
table  7  the  leading  car-lot  shipping  counties  and  stations  and  the  lead- 
ing varieties  are  shown  for  important  apple  States. 


Table  7. 


■Leading  varieties  of  apples,   leading  producing  counties,   and  leading 
car-lot  shipping  stations  in  principal  States 


State 


Maine 

Massachusetts 
New  York 

New  Jersey 

Pennsylvania- 
Ohio 

Illinois 

Michigan 

Missouri 

Delaware 

Maryland 

Virginia 

West  Virginia. 

Arkansas 

Idaho 

Colorado 

Washington.  . 

Oregon 

California 


Leading  varieties 


Baldwin,     Mcintosh, 

Northern      Spy,      Ben 

Davis. 
Baldwin,       Mcintosh, 

Wealthy. 
Baldwin,    Rhode    Island 

Greening,  Mcintosh. 

Stayman  Winesap, 
Wealthy,  Delicious. 

Stayman  Winesap,  York 
Imperial,  Baldwin,  De- 
licious. 

Rome  Beauty,  Stayman 
Winesap,  Jonathan. 

Jonathan,  Yellow  Trans- 
parent, Ben  Davis, 
Winesap. 

Northern  Spy,  Jonathan, 
Delicious,  Baldwin, 
Oldenburg. 

Jonathan,  Ben  Davis, 
Delicious. 

Yellow  Transparent, 
Stayman  Winesap. 

Stayman  Winesap,  York 
Imperial,  Grimes  Gold- 
en. 

Winesap,  York  Imperial, 
Stayman  Winesap,  De- 
licious. 

York  Imperial,  Rome 
Beauty,  Delicious,  Ben 
Davis. 

Ben  Davis,  Jonathan,  De- 
licious, Winesap. 

Jonathan,  Rome  Beauty, 
Delicious. 

Jonathan,  Ben  Davis, 
Winesap. 

Winesap,  Delicious,  Jona- 
than, Rome  Beauty. 

Yellow  Newtown,  Rome 
Beauty. 

Gravenstein,  Yellow  New- 
town, Delicious,  Rome 
Beauty,  Yellow  Bell- 
flower. 


Leading  car-lot  shipping 
counties 


Oxford,  Cumberland,  An- 
droscoggin, Kennebec, 
Waldo. 

Franklin,  Middlesex, 
Hampshire,  Worcester. 

Wayne,  Orleans,  Niagara, 
Monroe,  Columbia, 
Dutchess. 

Burlington,  Gloucester, 
Cumberland. 

Franklin,  Adams,  Cum- 
berland, York,  Berks. 

Jackson,  Gallia,  Lawrence, 
Meigs. 

Greene,  Pike,  Union, 
Johnson,  Jersey,  Cal- 
houn. 

Oceana,  Van  Buren, 
Mason,  Allegan,  Man- 
istee. 

Pike,  Lincoln,  Buchanan, 
Lafayette. 


Sussex,  Kent 

Washington,  Allegany, 
Worcester. 

Frederick,  Augusta,  Shen- 
andoah, Rockingham, 
Albemarle,  Warren. 

Berkeley,  Jefferson,  Hamp- 
shire, Morgan. 

Benton,  Washington 


Leading  car-lot  shipping 
stations 


Payette,  Canyon,  Gem, 
Twin  Falls,  Washing- 
ton. 

Delta,  Mesa 


Chelan,  Yakima,  Okano- 
gan, Grant,  Benton. 

Hood  River,  Umatilla, 
Jackson. 

Santa  Cruz,  Sonoma 


South  Paris,  East  Hebron, 
Cornish,  Winterport,  Liv- 
ermore  Falls.  Monmouth. 

Shelburne  Falls,  Amherst, 
Littleton. 

Barker,  North  Rose,  Lock- 
port,  Holley,  Burt,  Lyn- 
donville. 

West  Moorestown,  Bridge- 
ton,  Glassboro. 

Biglerville,  Waynesboro, 
Chambersburg,  Gettys- 
burg. 

Gallipolis,  Gypsum,  New 
Waterford. 

East  Hardin,  Cobden,  Val- 
ley City,  Anna,  Drake, 
Ozark. 

Frankfort,  Ludington,  Man- 
istee, Traverse  City,  Shel- 
by, Bangor. 

Winfield,  Clarksville,  Wav- 
erly,  St.  Joseph,  Marion- 
ville. 

Wyoming,  Bridgeville,  Mills- 
boro,  Woodside. 

Hancock,  Oldtown,  Pearre, 
Hagerstown,  Cumberland. 

Winchester,  Staunton,  Front 
Royal,  Mount  Jackson, 
Roanoke,  Berryville. 

Martinsburg,  Inwood,  Rom- 
ney,  Charles  Town,  Paw 
Paw,  North  Mountain. 

Springdale,  Bentonville. 
Rogers,  Lincoln. 

Fruitland,  Payette,  Emmett, 
Twin  Falls,  Parma, Weiser. 

Austin,  Paonia,  Hotchkiss, 
Grand  Junction. 

Yakima,  Wenatchee,  Chelan, 
Cashmere,  Pateros,  Gleed. 

Hood  River,  Medford,  Mil- 
ton, Ontario,  Freewater. 

Watsonville,  Sevastopol, 
Aptos. 
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NEW  ENGLAND 

In  New  England  the  climate  is  severe,  much  of  the  soil  is  hard  to 
work,  and  yields  are  moderate,  but  the  nearness  of  numerous  markets 
is  advantageous  to  New  England  growers.  Important  apple-shipping 
counties  are  Oxford,  Cumberland,  Androscoggin,  and  Kennebec  in 
Maine;  Franklin  and  Middlesex  in  Massachusetts;  Hillsborough  in 
New  Hampshire ;  and  Addison  and  Rutland  in  Vermont. 

The  older  New  England  orchards  were  mostly  Baldwin,  Rhode 
Island  Greening,  and  Northern  Spy.  The  cold  winter  of  1933-34 
caused  heavy  losses,  particularly  of  older  trees  in  some  parts  of  New 
England.  In  the  younger  orchards,  Mcintosh,  Wealthy,  Graven- 
stein,  and  Delicious  are  prominent.  Near  Boston,  orchardists  are 
growing  some  early  varieties  as  Yellow  Transparent  and  Williams  as 
well  as  Gravenstein,  Mcintosh,  and  other  later  varieties. 

HUDSON  RIVER  VALLEY 

The  Hudson  River  Valley  north  of  New  York  City  is  an  important 
apple-growing  district.  It  has  the  great  advantage  of  being  within 
easy  trucking  distance  of  the  populous  New  York  City  metropolitan 
area.  Columbia,  Dutchess,  Ulster,  and  Green  Counties  are  centers 
of  production.  Wealthy,  Oldenburg,  Mcintosh,  and  other  fall  and 
winter  varieties  are  grown. 

WESTERN  NEW  YORK 

Western  New  York  is  one  of  the  oldest  and  best-known  apple- 
growing  districts.  The  leading  counties  in  this  heavy  producing 
district  are  along  the  south  shore  of  Lake  Ontario  including  Wayne, 
Orleans,  Niagara,  and  Monroe.  A  few  of  the  heavy-shipping  stations 
are  Lockport,  Barker,  Holley,  Burt,  Lyndonville,  and  North  Rose. 
The  Baldwin  has  been  the  variety  of  greatest  importance  and  for  a 
long  period  Baldwin  prices  were  considered  an  mdex  of  the  apple 
market.  Rhode  Island  Greening  is  another  important  variety.  Other 
varieties  include  Northern  Spy,  Tompkins  King,  Mcintosh,  Wealthy, 
Roxbury  Russet,  and  Hubbardston.  There  are  many  old  orchards 
with  large  trees  which  have  passed  their  prime,  and  only  moderate 
plantings  of  young  orchards  have  been  made  in  post-war  years. 
Winter  damage  to  New  York  apple  trees  was  severe  in  1933-34.  A 
survey  by  the  New  York  State  Department  of  Agriculture  and  Mar- 
kets in  cooperation  with  the  United  States  Department  of  Agriculture 
indicated  that  about  17  percent  of  the  commercial  bearing  apple  trees 
in  the  State  were  killed  and  26  percent  injured.  Trees  not  yet  of 
bearing  age  in  commercial  orchards  suffered  much  less  damage, 
estimated  at  about  4  percent  killed  and  12  percent  injured.  The 
variety  suffering  most  severe  losses  was  Baldwin.  There  were  also 
heavy  losses  of  Rhode  Island  Greening.  In  the  6  years  1928-33,  New 
York  State  produced  13  percent  of  the  commercial  crop  of  the  United 
States. 

NEW  JERSEY 

In  New  Jersey  a  large  number  of  varieties  are  grown  to  supply  the 
nearby  markets.  Stayman  Winesap,  Wealthy,  and  Delicious  are 
leading  varieties.  Early  varieties  as  Yellow  Transparent,  Starr, 
Gravenstein,  Williams,  and  others  are  grown  extensively.     Apples  are 
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an  important  ciop  in  Burlington,  Gloucester,  and  Cumberland  Coun- 
ties. The  industry  in  New  Jersey  is  expanding  as  indicated  by  the 
relatively  large  number  of  young  trees. 

DELAWARE 

Delaware  growers  have  given  particular  attention  to  supplying  the 
early-season  demand.  About  one-half  of  the  Delaware  apples  are 
early  varieties.  Large  quantities  of  Yellow  Transparent  and  Williams 
are  grown.  Other  varieties  produced  include  Stayman  Winesap, 
Delicious,  Grimes  Golden,  and  Rome  Beauty.  Many  orchards  in 
this  State  contain  large  acreages.  There  are  storages  which  enable 
growers  to  hold  the  late  varieties  at  shipping  points  until  they  wish 
to  sell. 

CUMBERLAND-SHENANDOAH  AREA 

The  Cumberland-Shenandoah  area  extends  from  south-central 
Pennsylvania,  southwest  through  parts  of  West  Virginia  and  Mary- 
land and  includes  the  Shenandoah  Valley  in  Virginia.  This  district 
has  the  greatest  volume  of  production  in  the  barrel  and  basket  region. 
There  are  many  large  orchards  and  many  general  farms  have  orchards 
as  an  enterprise.  Counties  having  large  production  are  Franklin  and 
Adams  in  Pennsylvania;  Washington  and  Allegany  in  Maryland; 
Frederick,  Augusta,  Shenandoah,  Rockingham,  and  Warren  in  Vir- 
ginia; and  Berkeley  and  Jefferson  in  West  Virginia.  The  York  Im- 
perial, Stayman  Winesap,  Winesap,  Grimes  Golden,  Ben  Davis,  and 
Delicious  are  grown  in  quantity.  The  Yellow  Newtown  (Albemarle 
Pippin)  is  important  in  some  counties  in  Virginia  and  West  Virginia. 
The  size  of  the  crop  in  this  area  varies  rather  widely  from  year  to  year. 
The  commercial  crop  in  the  four  States  of  Pennsylvania,  Maryland, 
Virginia,  and  West  Virginia  from  1928  to  1933  averaged  about  one- 
fourth  more  than  the  New  York  State  commercial  crop  and  averaged 
about  17  percent  of  the  United  States  commercial  crop. 

OTHER  DISTRICTS  IN  SOUTH  ATLANTIC  REGION 

The  apple  is  not  adapted  to  production  in  the  South  except  in  the 
higher  altitudes.  Considerable  quantities  of  apples  are  grown  in  dis- 
tricts in  the  piedmont  area  in  the  South  Atlantic  States  and  in  the 
Appalachian  Mountains  as  far  south  as  northern  Georgia.  In  most 
of  this  area  the  soil  is  less  fertile  than  in  the  valleys  of  the  Cumberland- 
Shenandoah  area.  In  Habersham  and  Rabun  Counties  of  northern 
Georgia  such  varieties  as  Stayman  Winesap,  Delicious,  Winesap,  Yel- 
low Transparent,  and  Yates  are  grown.  In  North  Carolina  these 
varieties  and  a  number  of  others  as  York  Imperial,  Rome  Beauty, 
and  Ben  Davis  are  produced. 

OHIO 

The  principal  apple  district  in  Ohio  is  along  the  Ohio  River  although 
some  fruit  is  produced  in  scattered  districts.  The  terrain  is  hilly  and 
growing  conditions  are  somewhat  similar  to  those  of  the  piedmont 
area  in  Virginia.  Ranking  Ohio  varieties  in  order  of  importance,  the 
Rome  Beauty  comes  first,  followed  by  Stayman  Winesap,  Jonathan, 
Grimes  Golden,  and  Delicious.  The  large  industrial  population  of 
Ohio  furnishes  markets  within  easy  reach. 
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MICHIGAN 

Michigan  is  by  far  the  most  important  apple-producing  State  in  the 
north-central  region.  The  greatest  concentration  of  apple  trees  is 
in  the  southwestern  part  of  the  State.  Berrien,  Allegan,  Van  Buren, 
and  Oceana  Counties  have  large  acreages.  Conditions  in  regard  to 
soil  and  nearness  to  lake  water  are  similar  to  those  in  western  New 
York.  Baldwin,  Jonathan,  Delicious,  Northern  Spy,  Oldenburg, 
Mcintosh,  and  Wealthy  are  among  the  well-known  varieties  grown  in 
Michigan.  Large  markets  are  within  easy  trucking  distance,  and  a 
large  part  of  the  commercial  crop  is  moved  to  market  by  truck. 

ILLINOIS 

Illinois  ranks  third  in  apple  production  among  the  States  in  the 
north-central  region.  Both  Michigan  and  Ohio  have  produced 
larger  crops  on  the  average  during  the  6-year  period  ended  in  1933. 
As  in  other  North  Central  States,  weather  conditions  cause  wide 
variation  from  year  to  year  in  the  size  of  the  crop.  Union  and 
Johnson  Counties  in  the  southern  part  of  the  State  ship  considerable 
quantities  of  early  apples  including  Yellow  Transparent  and  Olden- 
burg. Some  orchards  are  kept  in  sod  as  the  district  is  hilly  and  sub- 
ject to  erosion.  In  western  Illinois  along  the  Mississippi  River  is  a* 
well-known  apple  section.  Calhoun  and  Pike  Counties  have  large 
production.  Jonathan,  Winesap,  Ben  Davis,  Willow  Twig,  Delicious, 
and  Grimes  Golden  are  among  the  leading  varieties.  Formerly  most 
of  the  Calhoun  County  crop  was  shipped  to  nearby  St.  Louis  by  boat, 
since  the  county  did  not  have  rail  shipment  facilities.  The  crop  is 
now  moved  largely  by  truck. 

OZARK  AREA 

The  Ozark  apple  area  is  chiefly  in  Benton  and  Washington  Counties 
in  northwestern  Arkansas,  and  in  several  counties  in  southwestern 
Missouri.  Leading  varieties  are  Jonathan,  Ben  Davis,  Gano,  Deli- 
cious, Winesap,  Grimes  Golden,  and  Arkansas.  Production  fluctu- 
ates widely  from  year  to  year  as  hazards  of  damage  to  the  crop  from 
spring  frosts  or  other  causes  are  relatively  great  as  compared  with 
those  of  some  other  areas.  In  the  6-year  period  1928-33  the  com- 
mercial crop  in  Arkansas  and  Missouri  has  averaged  between  2  and  3 
percent  of  the  commercial  crop  of  the  United  States. 

WASHINGTON 

Washington  is  the  leading  commercial  apple  State.  A  favorable 
climate,  irrigation,  and  intensive  methods  of  production  result  in 
large  yields  and  fairly  regular  crops.  There  are  five  leading  apple 
districts  in  Washington:  Wenatchee-Okanogan  which  contributes 
slightly  more  than  half  of  the'State  shipments;  Yakima,  with  roughly 
40  percent  of  the  shipments;  and  Spokane,  Walla  Walla,  and  White 
Salmon  making  up  the  remainder.  Principal  varieties  are  Winesap, 
Delicious,  Jonathan,  and  Rome  Beauty.  Most  of  the  orchards  are 
in  full  bearing  and  plantings  have  been  light  in  recent  years.  Most 
of  the  orchards  contain  less  than  20  acres  and  only  a  very  few  con- 
tain 100  acres  or  more.  Because  of  the  long  distance  from  the  large 
markets  the  majority  of  the  crop  is  shipped  by  rail,  although  large 
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quantities  are  also  exported  by  water  via  the  Panama  Canal  to  Europe 
and  considerable  quantities  are  shipped  to  South  America.  Impor- 
tant shipping  stations  include  Wenatchee,  Cashmere,  Omak,  Chelan, 
Yakima,  Zillah,  and  Grand  View. 

OREGON 

Most  of  the  commercial  apple  crop  in  Oregon  is  grown  in  the  valleys 
east  of  the  Cascade  Mountains  and  in  the  southwestern  part  of  the 
State.  Hood  River  Valley  is  the  chief  producing  district.  This 
valley  is  about  2  to  8  miles  wide  and  25  miles  long.  Cultural  methods 
are  similar  to  those  practiced  in  Washington  but  there  is  less  complete 
dependence  on  irrigation.  The  Rogue  River  district  in  southwestern 
Oregon  also  produces  considerable  quantities  of  apples.  Yellow 
Newtown,  Rome  Beauty,  and  Ortley  are  among  the  leading  varieties. 
Esopus  Spitzenburg  has  declined  in  importance  but  about  200  cars 
are  still  shipped  from  the  Hood  River  district  in  an  average  year. 
There  has  been  a  considerable  reduction  in  apple  acreage  in  Oregon 
during  recent  years  particularly  in  the  Rogue  River  district. 

IDAHO 

The  development  of  the  apple  industry  in  Idaho  is  more  recent 
than  in  Washington  and  Oregon.  Orcharding  centers  are  mainly  in 
Pavette  and  Boise  Valleys.  There  is  also  some  orcharding  in  the 
Twin  Falls  and  in  the  Lewiston  districts.  Irrigation  is  generally 
practiced.  Rome  Beauty,  Jonathan,  Delicious,  and  Winesap  are 
leading  varieties.  Most  of  the  Idaho  shipments  are  packed  in  baskets. 
The  use  of  the  box  as  a  package  has  decreased  during  the  last  decade 
until  in  1933-34  probably  not  more  than  5  percent  of  the  Idaho  ship- 
ments were  boxed.  About  80  percent  of  the  shipments  are  in  bushel 
baskets,  packed  as  combination  grades,  and  15  percent  are  in  bulk. 

CALIFORNIA 

The  Sebastopol  district  in  Sonoma  County  north  of  San  Francisco 
is  famous  for  its  production  of  Gravensteins.  The  Gravensteins 
from  California  are  a  chief  source  of  early-season  market  supplies. 
There  is  also  a  heavy  output  of  dried  apples  from  Sonoma  County 
mainly  of  varieties  other  than  Gravenstein. 

In  the  Watson ville  district  in  Santa  Cruz  and  Monterey  Counties, 
Yellow  Newtown  is  the  leading  variety.  Large  quantities  of  Yellow 
Bellflower  are  shipped  early  in  the  fall.  This  is  also  an  important 
variety  for  drying.  There  is  scattered  apple  production  in  other  parts 
of  California. 

Irrigation  is  not  generally  practiced  in  the  principal  California 
apple  districts. 

UTAH 

Most  of  Utah's  commercial  apple  crop  is  grown  in  Utah  County 
although  some  shipments  originate  in  Salt  Lake,  Box  Elder,  and  Juab 
Counties.  Leading  varieties  in  order  of  importance  are  Jonathan, 
Rome  Beauty,  Gano,  and  Winesap.  Shipments  are  mostly  in  bushel 
baskets  or  bulk  and  the  out-of-State  movement  is  largely  to  southern 
California  and  middle-western  markets.  Truck  movement  of  apples 
to  southern  California  and  nearby  markets  is  increasing. 

107817°— 35 2 
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COLORADO 

Most  commercial  apple  orchards  in  Colorado  are  on  the  western 
slope  in  Grand  and  Gunnison  Valleys.  Jonathan,  Winesap,  Ben 
Davis,  Rome  Beauty,  and  Delicious  are  grown.  Colorado  is  rela- 
tively less  important  than  formerly  as  a  source  of  apple  shipments. 
Although  Colorado  is  in  the  western  region  the  bushel  basket  is  the 
leading  package. 

MONTANA 

An  apple  industry  of  considerable  importance  was  developed  in  the 
Bitter  Root  Valley  in  western  Montana,  including  many  large  or- 
chards. Because  of  adverse  climatic  conditions  and  unfavorable 
marketing  conditions  in  some  seasons,  many  orchards  have  been 
neglected.     The  Mcintosh  is  the  leading  commercial  variety. 


Figure  5.— Cull  apples  are  hauled  loose  or  in  field  boxes  to  the  storage  bins  of  this  cannery  in  the 
Cumberland-Shenandoah  area. 

UTILIZATION  OF  THE  CROP 

Approximately  three-fifths  of  the  apple  production  in  the  United 
States  on  the  average  is  classed  as  the  commercial  crop  which  is  sold 
for'  consumption  as  fresh  fruit.  The  ratio  of  commercial  to  total 
production  varies  widely  among  States  and  regions. 

Large  quantities  of  apples  are  used  annually  for  drying  and  canning 
and  for  brandy,  cider,  and  vinegar.  Most  of  these  apples  are  from 
that  part  of  the  crop  not  classed  as  commercial  (fig.  5).  Roughly 
25,000,000  to  35,000,000  bushels  of  apples  annually  are  probably  used 
for  these  purposes.  Apples  used  as  fruit  on  the  farms  and  in  rural 
communities  are  also  a  large  item. 

DRIED  APPLES 

Sales  of  dried  apples  in  1929  by  establishments  reported  in  the 
census  totaled  44,619,712  pounds.  Previous  census  reports  showed 
production  instead  of  sales.     In  1919  dried-apple  production  was  re- 
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ported  as  46,623,499  pounds  and  in  1909  as  44,568,244  pounds.  These 
figures  indicate  that  the  output  of  dried  apples  has  not  changed  greatly 
since  1909.  In  addition  to  the  quantities  reported  in  the  census  some 
apples  are  dried  on  the  farms  and  in  small  establishments  not  included 
in  the  census  reports. 

According  to  the  1929  census,  the  quantity  of  apples  dried  in  the 
western  region  was  about  three  times  as  large  as  the  quantity  dried  in 
other  parts  of  the  United  States.  It  requires  approximately  7  pounds 
of  fresh  apples  to  make  1  pound  of  the  dried  product.  On  this  basis, 
sales  of  dried  apples  reported  in  the  1929  census  in  the  western  apple 
States  represented  4,829,000  bushels  of  apples,  and  in  the  other  parts 
of  the  United  States  1 ,678,000  bushels.  This  would  represent  roughly 
8  percent  of  the  average  production  of  1928  and  1929  in  the  western 
region  and  2  percent  in  the  East,  which  was  used  for  drying.  For  the 
whole  country  the  dried  apples  reported  in  the  census  would  be  roughly 
equivalent  to  4  percent  of  the  average  apple  production  in  1928  and 
1929. 

California  is  the  leading  State  in  dried-apple  production.  The 
1929  census  figures  for  sales  of  dried  apples  in  pounds  are:  California 
20,730,000,  New  York,  8,831,000,  Washington  6,320,000,  Oregon, 
4,115,000,  Arkansas  2,105,000,  Idaho  1,951,000,  and  Illinois,  Pennsyl- 
vania, and  Virginia  568,000. 

Santa  Cruz  and  Sonoma  Counties  in  California  are  leading  centers 
of  production.  Wayne  and  Monroe  Counties,  N.  Y.,  is  the  leading 
dried-apple  district  in  the  East. 

Exports  of  dried  apples  from  the  United  States  in  the  year  1929-30 
totaled  23,770,000  pounds  which  was  about  one-half  the  volume  re- 
ported as  sales  in  the  1929  census.  The  average  exports  in  the  five 
seasons  1928-29,  to  1932-33  were  about  36,000,000  pounds.  All  but 
a  small  part  of  the  dried-apple  exports  go  to  Europe  (table  8).  Ger- 
many, our  most  important  customer,  has  taken  40  to  50  percent  of 
the  exports  of  dried  apples  in  recent  years.  The  value  of  dried  apples 
which  were  exported  in  the  5-year  period  averaged  $190  per  ton  or 
9%  cents  per  pound. 


Table  8. — Exports  of  dried  apples  from  the  United  States  by  countries  of  destination, 
and  seasons  (July  to  June),  and  value  by  seasons,  1928-29  to  1932-83 


Country  of  destination 

1928-29 

1929-30 

1930-31 

1931-32 

1932-33 

Average 
1928-29  to 
1932-33 

Europe: 

Germany.. 

Netherlands 

Short  tons 

11,032 

6,225 

1,309 

1,777 

1.  192 

837 

403 

480 

640 

127 

Short  tons 

5, 713 

2,162 

761 

197 

1,507 

447 

351 

94 

172 

123 

Short  tons 

9,235 

4,381 

877 

1,478 

923 

5S0 

324 

535 

228 

235 

Short  tons 

6,028 

4,077 

1,099 

1.  347 

1,250 

715 

332 

183 

203 

319 

Short  ton? 

8,918 

3,784 

683 

1,041 

2.027 

602 

366 

210 

193 

185 

Short  tons 
8, 185 
4, 126 

XJnitod  Kingdom 

946 
1,168 

Sweden 

1,440 
636 

356 

300 

Finland                   .     

287 

198 

Total..   

24,  322 
690 

11,527 
358 

18,  796 
264 

15,  553 
226 

18,009 
291 

17,  641 

366 

Total 

Valu*1           

25,  012 

1,000 
dollars 
5,714 

Dollars 

228 

11,885 

1,000 
dollars 
3,030 

Dollars 
255 

19,060 

1,000 
dollars 
3,615 

Dollars 
190 

15,  779 

1,000 
dollars 
2,446 

Dollars 
155 

18,300 

1,000 
dollars 
2,300 

Dollars 
126 

18,007 

1,000 
dollars 
3,  421 

Dollars 
190 

Compiled  by  Foreign  Agricultural  Service  from  records  of  the  Bureau  of  Foreign  and  Domestic 
Commerce. 
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In  dried-apple  manufacturing  establishments,  the  apples  are  pared, 
cored,  bleached,  and  sliced,  and  moisture  is  removed  by  heat.  By 
one  method  hot  air  rises  from  a  furnace  into  a  room  containing  trays 
of  sliced  fruit.  Some  driers  slowly  move  the  sliced  fruit  on  belts 
through  a  heated  room.  By  another  method  the  fruit  is  dried  at 
comparatively  low  temperatures  in  a  chamber  from  which  air  has 
been  partially  exhausted.  Cider  for  vinegar  and  pectin  for  use  in 
making  jelly  are  often  made  as  byproducts  at  evaporating  plants. 

CANNED  APPLES 

Canned-apple  manufacturers  reporting  in  the  1929  census  showed 
sales  of  3,592,551  cases  of  various  sizes  of  cans.  Most  of  the  canned 
apples  are  put  up  in  no.  10  cans  holding  approximately  6  pounds  10 
ounces,  according  to  the  1929  census,  with  six  cans  to  the  case. 
Canners  in  the  western  region  reported  1,770,000  cases  and  in  the 
other  parts  of  the  United  States  1,824,000  cases,  equivalent  approxi- 
mately to  2,600,000  and  2,300,000  bushels,  respectively,  of  fresh  fruit. 

Approximately  5,000,000  bushels  of  apples  were  necessary  to  pro- 
duce the  quantity  of  canned  apples  reported  in  the  1929  census, 
equivalent  to  about  3  percent  of  the  average  apple  production  of 
1928  and  1929. 

The  cases  of  canned  apples  reported  by  States  in  the  1929  census 
in  round  numbers  were  as  follows:  Washington  1,297,000,  Oregon 
409,000,  Utah  22,000,  California,  Colorado,  and  Idaho  42,000,  New 
York  438,000,  Virginia  472,000,  Maine  145,000,  Pennsylvania  and 
West  Virginia  618,000,  Michigan  92,000,  and  Arkansas,  Delaware, 
and  Maryland  59,000. 

In  addition  to  canned  apples  a  product  of  considerable  importance 
in  the  apple  industry  is  canned  apple  sauce.  Nearly  all  the  apple 
sauce  canned  commercially  is  manufactured  in  the  Eastern  States. 
Cases  of  no.  10  cans  reported  by  States  or  groups  of  States  in  the  1929 
census  were:  New  York  717,000,  Maine,  Virginia,  and  West  Virginia 
159,000,  Delaware,  Kentucky,  and  Maryland  15,000,  Michigan, 
Washington,  and  Wisconsin  13,000.  The  apple  sauce  reported  in 
the  census  required  more  than  1,000,000  bushels  of  apples  in  its 
manufacture. 

Exports  of  canned  apples  and  canned  apple  sauce  in  1929-30  were 
roughly  10  percent  of  the  quantity  reported  as  sales  in  the  1929  census, 
and  in  the  5  seasons  1928-29  to  1932-33,  averaged  about  390,000 
cases  (table  9). 

CIDER  AND  VINEGAR 

Large  quantities  of  apples  are  used  in  making  cider  and  vinegar. 
The  1929  census  did  not  show  the  quantities  used  for  this  purpose,  but 
the  establishments  included  reported  a  value  of  $15,872,000  for  vine- 
gar and  $1,924,000  for  cider.  In  1919  the  census  value  of  these 
products  was  about  $25,000,000,  and  about  4  percent  of  the  apple 
crop  in  the  western  region  and  13  percent  in  the  eastern  region  was 
used  in  making  them.  Cider  and  vinegar  are  made  in  large  quantities 
on  farms  and  in  small  plants,  and  this  production  is  not  included  in 
the  census  report.  They  are  also  byproducts  at  canning  and  evapo- 
rating plants. 
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Table  9. — Ex-ports  of  canned  apples  and  canned  apple  sauce  from  the  United  States 
by  countries  of  destination,  and  seasons  (July  to  June),  and  value  by  seasons, 
1928-29  to  1932-33 


Country  of  destination 

1928-29 

1929-30 

1930-31 

1931-32 

1932-33 

Average 
1928-29  to 
1932-33 

Europe: 

United  Kingdom . 

Cases 

514,506 

12,341 

1,068 

2.  863 

8, 355 

Cases 
370, 414 
10, 169 
7,001 
1,303 
2,  895 

Cases 

282.  303 

6,  528 

6,581 

2,703 

91 

Cases 

309, 653 

11, 610 

2,050 

2,600 

50 

Cases 

337,  361 

9,  652 

3,001 

1,411 

680 

Cases 
362, 847 
10,060 

Irish  Free  State.  .  ..  .. 

Germany . 

3,941 
2,176 
2,414 

Total 

539, 133 

391,  785 

298,206 

325,  963 

352, 105 

381,  438 

Canada  _.  ._ 

1,345 

996 

2,  495 

8,348 

332 
1,230 
2,427 
5,399 

1,722 
1,318 

1,672 
4,534 

1,602 
1,251 
1.618 
3,046 

3,  023 

875 

1,278 

1,539 

1,605 
1,114 
1, 898 
4,  573 

Others 

Total.. 

Value 

Value  per  case ..    ..    .  ._  .. 

552, 317 

Dollars 

1, 453, 000 

2.63 

401, 173 

Dollars 

1, 053, 000 

2.62 

307, 352 

Dollars 

749,000 

2.44 

333,  480 

Dollars 

735,000 

2.20 

358^820 

Dollars 

686,000 

1.91 

390,628 

Dollars 
935, 200 
2  39 

Compiled  by  the  Foreign  Agricultural  Service  from  records  of  the  Bureau  of  Foreien  and  Domestic 
Commerce;  converted  from  pounds  to  cases  at  50  pounds  to  the  case  of  24  no.  2H  cans. 

_  Cull  or  low-grade  apples  are  generally  used  in  cider  making.  The 
yield  of  cider  per  100  pounds  of  apples  varies  with  the  variety,  quality, 
and  efficiency  of  manufacture.  On  the  average,  100  pounds  of  apples 
will  produce  about  8  gallons  of  cider,  according  to  unofficial  reports. 
The  consumption  of  cider  and  vinegar  in  the  United  States  has  been 
stated  by  some  manufacturers  as  approximately  60,000,000  gallons 
per  year,  which  would  require  approximately  16,000,000  bushels  of 
apples  in  manufacture. 

Prices  paid  for  low-grade  or  cull  apples  used  for  cider  or  vinegar 
have  been  low  as  compared  with  apples  marketed  as  fruit.  In  1932 
prices  of  10  to  15  cents  per  100  pounds  to  growers  were  reported  by 
some  manufacturers,  and  in  1933  prices  of  20  to  25  cents  per  100 
pounds  were  reported  in  the  early  part  of  the  season. 

In  making  cider  the  fruit  is  ground  and  the  juice  is  extracted 
under  pressure.  Large  wooden  tanks  are  often  used  in  storing  cider 
and  vinegar. 

Since  the  repeal  of  prohibition,  brandy  has  again  become  of  import- 
ance as  an  apple  byproduct.  No  statistics  are  available  on  the  quan- 
tity of  apples  so  used. 

HARVESTING  AND  PREPARING  FOR  MARKETS 

The  apple  harvest  for  the  country  as  a  whole  extends  from  June  to 
November.  Early  varieties,  as  Yellow  Transparent,  Williams,  and 
Gravenstein,  ripen  mostly  in  July  and  August.  Early  fall  varieties, 
as  Oldenburg  and  Maiden  Blush,  are  harvested  for  the  most  part  in 
August  and  September.  The  season  for  picking  the  fall  and  winter 
apples  extends  generally  from  the  latter  part  of  September  to  the  first 
half  of  November. 

3  For  more  detailed  information  on  harvesting  and  preparing  apples  for  market,  Farmers'  Bulletins  1457 
and  1695  (6,  7)  should  be  consulted, 
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Picking  time  for  the  same  varieties  usually  varies  about  2  weeks 
or  more  between  States  in  the  lower  part  of  the  eastern  apple  belt,  as 
Arkansas  and  Virginia,  and  the  more  northern  States,  as  Michigan  and 
New  York.  The  date  of  beginning  harvest  varies  somewhat  from 
season  to  season,  depending  on  weather  conditions. 

In  California  the  Gravenstein  is  a  leading  variety  and  goes  to 
market  in  July  and  August.  In  other  parts  of  the  western  region  only 
a  small  part  of  the  crop  is  of  early  varieties.  The  harvesting  season  of 
Winter  Banana  in  the  Northwest  usually  begins  in  the  latter  part  of 
August.'  Grimes  Golden,  King  David,  and  Jonathan  follow  in  the 
early  part  of  September.  These  in  turn  are  followed  by  Delicious, 
Stayman    Winesap,    Esopus    Spitzenburg,    Winesap,    and    Yellow 

Newtown.  Harvesting  in  the  North- 
west is  practically  finished  by  the  end  of 
October. 

Much  fruit  reaching  the  market  each 
season  is  greatly  impaired  in  quality 
because  it  has  been  picked  at  the  wrong 
stage  of  maturity.  Varietal  charac- 
teristics, seasonal  variations,  cultural 
practices,  and  other  factors  affect  the 
maturity  of  apples.  Three  factors  of 
greatest  importance  in  determining  when 
to  pick  apples  are  (1)  the  degree  of  yel- 
lowing in  the  unblushed  or  uncolored 
portion  of  the  fruit;  (2)  the  firmness 
of  the  flesh  of  the  fruit,  which  can  be 
accurately  measured  by  pressure-test 
apparatus;  and  (3)  the  way  the  fruit  is 
holding  to  the  tree  or  the  ease  with  which 
it  can  be  picked.  Department  Bulletin 
1448  of  the  United  States  Department 
of  Agriculture  (5)  gives  the  details  of 
these  maturity  tests  and  shows  the 
proper  time  to  pick  a  number  of  com- 
mercial varieties.  Certain  other  indica- 
tions of  ripeness,  such  as  degree  of  red 
color  and  color  of  seeds,  are  used  to  some 
extent  in  determining  when  to  pick,  but  they  are  not  always  reliable 
indicators. 

Many  growers  remove  all  the  apples  from  the  trees  at  one  picking, 
although  some  make  two  or  more  pickings  in  removing  the  crop  from 
the  trees.  Some  factors  to  be  considered  in  determining  whether  to 
make  more  than  one  picking  are  the  extent  to  which  the  color  and  size 
of  the  fruit  is  affected  by  the  load  on  the  trees,  amount  and  cost  of 
labor,  market  conditions,  and  weather  conditions. 

<  In  the  Northwest  the  step  ladder  is  the  only  type  of  ladder  used  in 
picking.  In  many  other  parts  of  the  United  States  step  ladders  are 
used  for  low  fruit,  and  wide-based  ladders,  narrowing  toward  the  top, 
are  used  for  higher  fruit.  Various  types  of  picking  receptacles  are 
used;  a  desirable  type  has  a  drop  bottom,  rigid  sides,  and  a  padded 
rim  to  protect  the  fruit  from  bruising  (fig.  6). 


Figure  6. — The  rigid  sides  and  padded  rim 
of  this  drop-bottom  picking  bucket  pro- 
tect the  fruit  from  being  bruised. 
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In  some  districts  apples  are  graded  and  packed  in  the  open,  but  in 
most  commercial  districts  the  grading  and  packing  are  done  in  packing 
houses.  Some  growers  have  their  own  packing  houses.  Cooperative 
associations  and  dealers  also  operate  packing  houses.  Some  apples 
are  sized  by  hand,  but  in  most  commercial  packing  houses  the  fruit  is 
sized  by  machinery.  For  a  description  of  various  types  of  sizing 
machines  and  sizing  and  grading  practices  readers  should  refer  to 
Farmers'  Bulletin  1695  (7). 

In  most  districts  it  is  necessary  to  put  the  apples  through  a  washing 
process  to  remove  spray  residue,  if  they  have  been  sprayed  sufficiently 
to  control  insects.  In  washing,  a  dilute  acid  solution  is  generally  used 
to  remove  the  spray  residue,  and  the  fruit  is  then  rinsed.  Machines 
that  clean  the  apples  with  brushes  are  used  in  some  districts 
to  remove  spray  residue  and  improve  the  appearance  of  the  apples. 
Farmers'  Bulletin  1687  (2)  describes  methods  of  removing  spray 
residue. 

In  the  western  box-apple  region,  oiled-paper  wraps  ^  are  used  in 
packing  the  fruit.  In  the  East  shredded  oiled  paper  is  commonly 
mixed  with  storage  varieties  as  they  are  packed  in  baskets  and  barrels. 
The  oiled  paper  tends  to  prevent  scald.  In  packing  baskets  and  barrels 
the  shredded  oiled  paper  should  be  used  at  the  rate  of  about  one-half 
pound  per  bushel  basket  or  1%  pounds  per  barrel  and  should  be  well 
distributed  through  the  pack.  For  a  complete  discussion  of  apple 
scald  and  its  control,  Farmers'  Bulletin  1380  (1)  should  be  consulted. 

A  tight,  well-graded  pack  with  apples  of  fairly  uniform  appearance 
and  approximately  equal  size  is  desirable.  In  packing  boxes  each 
apple  is  placed  in  position  by  hand.  A  number  of  mechanical  devices 
for  facing  and  packing  the  basket  are  in  general  use  (fig.  7).  In 
packing  the  barrel  the  facing  layer  is  usually  laid  by  hand  in  the 
bottom  of  the  barrel  which,  when  the  barrel  is  packed  and  inverted, 
becomes  the  top  layer  or  face  of  the  pack.  The  apples  in  the  shown 
face  of  the  package,  under  the  packing  requirements  of  the  United 
States  standards,  shall  be  reasonably  representative  of  the  contents 
of  the  package  in  size,  color,  and  quality. 

In  packing  the  barrel  and  basket  it  is  desirable  to  shake  or  "rack" 
the  container  several  times  during  the  process  of  filling  to  insure  a 
tight  pack  and  to  prevent  the  container  from  arriving  on  the  market 
in  a  slack-packed  condition.  The  pack  should  project  slightly  above 
the  level  of  the  top  of  the  container  before  the  cover  is  put  in  place. 
Pads,  either  corrugated  or  of  a  cushion  type  composed  of  excelsior 
covered  with  paper,  are  used  by  many  growers  to  protect  the  apples 
in  the  face  of  the  box,  basket,  or  barrel,  from  bruising  caused  by 
pressure  from  the  lid  or  cover.  Mechanical  presses  are  in  general  use 
for  lidding  boxes  and  barrels. 

A  well-arranged,  well-lighted  packing  house  with  modern  equip- 
ment including  gravity  conveyors  for  moving  packages,  good  machin- 
ery for  sizing,  and  for  washing  where  necessary,  and  good  packing 
equipment,  is  desirable  in  order  to  perform  efficiently  the  grading, 
sizing,  and  packing  operations. 

The  principal  steps  through  which  apples  usually  pass  in  well- 
managed  orchards  from  the  time  they  are  picked  until  they  are  packed 
and  ready  for  shipment  are  about  as  follows:  In  the  orchard  the 
apples  are  emptied  from  the  picking  bags  into  field  boxes  or  crates 
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holding  about  a  bushel,  which  are  hauled  to  the  packing  house.  If  it 
is  necessary  to  remove  spray  residue  the  fruit  is  first  washed  or 
brushed  when  received  at  the  house.  It  is  then  delivered  to  the 
grading  belt  and  is  sorted  by  hand  into  grades  and  the  cull  apples  are 
removed  as  the  fruit  moves  toward  the  sizing  machine.  The  apples 
are  separated  into  different  grades  by  the  sorters  and  placed  on  proper 


Figure  7.— Six  steps  illustrate  this  method  of  packing  bushel  baskets:  (1)  The  face  of  the  pack  is  laid  in 
the  facing  form;  (2)  the  metal  packing  shell  with  heavy  paper  liner  inside  is  placed  on  the  facing  form  and 
filled;  (3)  the  packing  shell  is  removed  and  the  pack  is  held  in  shape  by  the  liner;  (4)  the  basket  is  placed 
over  the  pack;  (5)  the  basket  and  facing  form  are  held  firmly  together  and  the  pack  is  turned  upright; 
(6)  the  facing  form  is  removed  and  the  packed  basket  is  ready  to  have  the  cover  attached. 

belts  which  deliver  the  apples  to  sizing  devices.  After  being  sized, 
the  apples  are  deposited  in  packing  bins  from  which  the  containers 
are  filled. 

During  the  handling,  grading,  and  packing  process  it  is  extremely 
important  that  the  fruit  be  handled  carefully  to  avoid  injury  from 
bruising. 
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PACKAGES 

The  western  box  is  10^  by  lV/2  by  18  inches  inside  dimensions  and 
contains  about  23  cubic  inches  more  than  a  struck  bushel.  The 
United  States  standard  barrel  has  a  content  of  7,056  cubic  inches 
which  is  about  9  quarts  more  than  3  struck  bushels.  For  statistical 
purposes  a  box  of  apples  is  generally  considered  equivalent  to  a  bushel 
and  a  barrel  equivalent  to  3  bushels.  The  weight  of  a  bushel  of 
apples  depends  on  various  factors  such  as  variety,  size,  tightness  of 
pack,  and  whether  it  is  a  heaped  or  struck  bushel.  For  statistical 
purposes  in  this  bulletin  the  average  net  weight  of  a  bushel  of  apples 
is  figured  at  48  pounds. 

The  western  box  is  also  used  to  some  extent  in  other  sections  as 
New  England,  Georgia,  and  Ohio.  The  New  England  lug  box  with 
inside  measurements  of  7}{q  by  17  K  by  17 %  inches  and  holding  approx- 
imately 1  bushel  is  a  popular  container  in  the  New  England  States. 
In  the  Watsonville  district  of  California  a  container  9%  by  11  by  20}i 
inches  is  generally  used  for  " loose  pack"  shipments  to  nearby  points. 

The  bushel  basket  is  used  for  a  large  volume  of  shipments  from 
some  States  in  the  western  region  as  Idaho  and  Colorado.  The 
basket  has  gained  steadily  in  popularity  in  the  last  decade  at  the 
expense  of  the  barrel.  The  trend  in  the  use  of  containers  for  storage 
varieties  is  shown  by  a  comparison  of  the  December  1  cold-storage 
holdings  in  bushel  baskets,  barrels,  and  boxes  from  1923  to  1933  (table 
10).  On  December  1,  1923,  5  percent  of  the  cold-storage  holdings  on 
a  bushel  basis  were  in  bushel  baskets,  49  percent  in  barrels,  and  46 
percent  in  boxes.  The  proportion  in  bushel  baskets  increased,  until 
in  1933,  34  percent  was  in  bushel  baskets.  During  this  period  the 
proportion  in  barrels  declined  to  1 1  percent.  The  use  of  the  barrel  is 
now  largely  for  export  shipments.  The  proportion  in  boxes  has  varied 
some  from  year  to  year  and  in  1933  at  55  percent  was  9  percent  greater 
than  in  1923.  Since  most  of  the  early  apples,  except  in  the  far 
western  States,  are  packed  in  bushel  baskets  more  apples  are  probably 
packed  in  this  container  than  is  indicated  by  an  analysis  of  the  Decem- 
ber 1  holdings.  Some  apples  for  local  marketing  are  packed  in 
hampers,  or  miscellaneous  containers.  The  %-bushel  hamper  is  pop- 
ular in  the  New  Jersey  district  near  the  Philadelphia  market.  Some 
car-lot  shipments  of  low-grade  apples  are  made  in  bulk,  particularly 
to  cider  mills  and  canneries. 


Table  10. — Proportion  of  Dec.  1  cold-storage  holdings  in  bushel   baskets,  barrels, 

and  boxes,  1923-33 


Year 

Bushel- 
basket 
stock 

Barrel 
stock 

Box 

stock 

Total 

Year 

Bushel- 
basket 
stock 

Barrel 
stock 

Box 

stock 

Total 

1923 

Percent 
5 
6 
9 
9 
17 
16 

Percent 
49 
50 
45 
43 
26 
28 

Percent 
46 
44 
46 
48 
57 
56 

Percent 
100 
100 
100 
100 
100 
100 

1929 

Percent 
24 
21 
32 
36 
34 

Percent 
22 
14 
19 
14 
11 

Percent 
54 
65 
49 
50 
55 

Percent 
100 

1924 

1930 

100 

1925.  . 

1931.    

100 

1926 

1932 

100 

1927 

1933 

100 

1928 

The  type  of  bushel  basket  now  in  general  use  is  the  straight-side 
or  tub  type  as  contrasted  with  the  round  or  curved-bottom  type 
formerly  in  common  use,    Reasons  for  the  gain  in  popularity  of  the 


26        TECHNICAL   BULLETIN    474,  U.  S.  DEFT.  OF   AGRICULTURE 

bushel  basket  are  numerous.  It  is  more  convenient  to  handle  than 
the  barrel.  Chain  stores  and  other  retailers  usually  find  it  more 
suitable  to  their  needs  than  a  larger  package.  The  box  is  desired  by 
many  retailers  because  of  its  convenient  size  and  its  reputation  for  a 
uniform  pack.  The  specified  number  of  apples  per  box  enables  re- 
tailers quickly  to  calculate  a  sale  price  which  will  allow  them  a  profit. 

GRADES  AND  SIZES 

Grading  is  the  operation  of  separating  the  fruit  into  classifications 
according  to  the  degree  of  freedom  from  blemishes  or  defects,  and  the 
amount  of  color  in  red  or  striped  varieties.  In  commercial  packing 
houses  where  apples  are  sized  by  machinery  the  grading  operation  is 
performed  by  sorters  as  the  fruit  passes  along  a  conveyor  toward  the 
sizing  apparatus. 

The  United  States  Department  of  Agriculture  official  standards  for 
apples  (9)  provide  for  and  define  the  following  grades:  United  States 
Fancy;  United  States  No.  1;  United  States  Commercial;  United 
States  No.  1  Early;  United  States  Utility;  United  States  Utility 
Early;  United  States  Hail  grade;  and  combination  grades  as  fol- 
lows: Combination  United  States  Fancy  and  United  States  No.  1, 
Combination  United  States  No.  1  and  United  States  Commercial, 
and  Combination  United  States  No.  1  and  United  States  Utility. 

The  United  States  standards  are  in  general  use  except  in  the 
Western  States.  Some  States  have  adopted  the  United  States  stand- 
ards as  official  State  grades.  In  the  western  region,  most  of  the 
States  have  adopted  State  grades  for  boxed  apples.  The  Washington 
State  grades  (1933)  provide  for  Extra  Fancy,  Fancy,  and  C  grades; 
also  Combination  Extra  Fancy  and  Fancy;  Combination  Extra 
Fancy,  Fancy,  and  C  grades;  Combination  Extra  Fancy  and  C 
grades;  Combination  Fancy  and  C  grades;  Orchard  Kun;  Orchard 
Run  Early ;  Hail  grade ;  and  Culls.  Other  Western  States,  as  Oregon, 
Idaho,  Utah,  California,  and  Colorado,  have  issued  State  grades 
which  are  similar  in  nomenclature  and  requirements  to  the  Washing- 
ton State  grades. 

To  allow  for  variations  incident  to  proper  grading  and  handling, 
tolerances  of  a  certain  percentage  of  apples  below  the  grade  require- 
ment are  permitted  in  a  specified  grade. 

Changes  in  the  grading  standards  are  made  occasionally,  but  it  is 
not  the  policy  to  make  changes  during  the  marketing  season.  Ten- 
tative United  States  standards  for  apples  were  first  recommended  in 
1918.  Copies  of  the  latest  United  States  standards  for  apples  can 
be  obtained  from  the  Bureau  of  Agricultural  Economics,  United 
States  Department  of  Agriculture,  Washington,  D.  C.  Copies  of 
State  standards  can  usually  be  obtained  from  the  State  departments 
of  agriculture. 

The  size  of  apples  in  the  box  pack  is  indicated  by  the  numerical 
count.  Extremely  large  apples  may  be  packed  36  to  the  box  and 
extremely  small  ones  252  to  the  box.  Apples  packing  88  to  the  box 
or  less  are  generally  classed  by  the  trade  as  "very  large";  those 
from  96  to  125,  inclusive,  as  "large";  those  from  138  to  163  as 
"medium";  those  from  175  to  200  as  "small";  and  those  packing 
216  or  more  per  box  as  "very  small." 
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For  apples  in  barrels  and  baskets  the  size  is  usually  indicated  by 
the  diameter  of  the  smallest  apples  in  the  container  generally  ex- 
pressed in  terms  of  inches,  half  inches,  quarter  inches,  or  eighth 
inches,  as  "2^-inch  minimum",  "2%-inch  minimum",  in  accord- 
ance with  the  facts.  A  range  may  be  specified  indicating  minimum 
and  maximum  sizes  of  the  apples  in  the  container  as  "2}{  to  2% 
inches. " 

Packages  are  generally  stamped  with  the  grade,  size,  and  variety 
of  the  contents.  Some  States  have  laws  requiring  that  the  name  and 
address  of  the  grower  as  well  as  grade,  size,  and  variety  shall  be 
marked  on  the  container.  Most  foreign  countries  have  marking  re- 
quirements relating  to  imports  of  United  States  apples.  In  some 
States  the  shipment  of  cull  apples  is  prohibited  except  when  billed 
to  a  byproducts  factory. 

Under  grading  and  inspection  practices,  condition  factors  are  con- 
sidered separately  from  grade  factors.  Defects  or  deterioration  which 
have  occurred  in  storage  or  transit  are  considered  as  condition  factors 
and  do  not  affect  the  grade.  United  States  standards  for  export,  as 
applied  to  condition  factors,  have  been  issued  by  the  Department  of 
Agriculture.  These  export  standards  are  used  at  times  in  domestic 
transactions  as  well  as  in  export  trade. 

The  Export  Apple  and  Pear  Act  of  June  10,  1933,  authorized  the 
Secretary  of  Agriculture  to  issue  regulations  prescribing  minimum 
grade  and  other  requirements  for  export  shipments.  Under  the 
Secretary's  regulations  issued  in  October  1933  any  lot  of  apples  to  be 
exported  must  meet  each  minimum  requirement  of  the  United  States 
Utility  or  United  States  Utility  Early  grades  subject  to  the  tolerances 
for  these  grades,  and  there  are  further  restrictions  regarding  presence 
of  apple  maggots,  apple-maggot  injury,  and  San  Jose  scale.  The 
regulations  also  contain  requirements  for  marking  packages,  etc. 

The  act  makes  it  unlawful  to  ship,  offer  for  shipment,  or  transport, 
apples  and/or  pears  in  packages,  which  are  not  accompanied  by  a 
certificate  issued  under  authority  of  the  Secretary  of  Agriculture 
showing  that  the  fruit  meets  the  requirements  of  the  act  and  the 
regulations. 

Standards  for  apples  used  for  canning  have  also  been  issued  by  the 
United  States  Department  of  Agriculture. 

FEDERAL-STATE  INSPECTION 

The  service  of  inspection  of  apple  shipments  by  Federal-State  in- 
spectors is  available  for  a  small  fee  in  most  of  the  important  shipping 
districts.  Certificates  giving  a  statement  of  the  grade  and  a  descrip- 
tion of  the  shipments  are  furnished  to  interested  parties  as  a  part  of 
the  service  (fig.  8).  In  the  period  1928-29  to  1932-33  the  percentage 
of  car-lot  apple  shipments  which  were  inspected  at  shipping  point 
ranged  from  45  percent  in  1928T29  to  62  percent  in  1930-31.  #  The 
number  of  cars  inspected  at  shipping  points  during  this  period  is 
shown  by  States  and  seasons  in  table  11.  Of  43,400  cars  of  apples 
inspected  at  shipping  point  in  1932-33  nearly  18,000  were  in  Wash- 
ington, nearly  5,000  in  Virginia,  and  more  than  3,000  each  in  Oregon 
and  Idaho. 
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Figure  8.— Apples  are  often  inspected  at  shipping  point  while  cars  are  being  loaded. 

Table  11. — Number  of  cars  of  apples  inspected  at  shipping  point  under  Federal- 
State  service,  by  States,  1928-29  to  1932-33  1 


State 

1928- 
29 

1929- 
30 

1930- 
31 

1931- 
32 

1932- 
33 

State 

1928- 
29 

1929- 
30 

1930- 
31 

1931- 
32 

1932- 
33 

Cars 

Cars 

Cars 
1 

3,"  125 

297 

1,248 

Cars 

Cars 

New  Jersey 

New  York 

North  Carolina 

Ohio 

Cars 

13 

1,679 

"""153 

5,062 

773 

15 

234 

Cars 

1 

797 

54 

86 

2,235 

878 

Cars 

549 

4,633 

"64 

5,012 
1,986 

Cars 
168 

1,363 

18 

909 

2,282 

2,067 

Cars 
230 

Arkansas 

8 

5,936 

803 

774 

25 

2,637 

223 

686 

24 

2,430 

1,014 

691 

4 

4,160 

310 

1 

143 

95 

1,310 

5 

67 

171 

5 

38 

2,195 

1,256 

752 

3,351 

120 

"_454 
765 
66 
2 
198 
34 

1,520 

California.  .. 

320 

Delaware 

Oregon . 

3,419 

Georgia . 

Pennsylvania 

Tennessee 

Utah  . 

2,810 

Idaho ._  _  _ 

4,904 

237 

9 

62 

5,675 
81 

5,948 
289 

2 

92 

768 

1 

1 

11,689 

25,  381 

4,650 

49 

398 

174 
131 

484 

41 
481 
670 

Virginia.. 

2,987 

29,  877 

2,057 

89 

3,996 

25,  963 

2,718 

135 

5,366 

35,106 

1,864 

32 

4,901 

Washington 

West  Virginia 

17,  955 

Maryland .. 

629 

2,594 

20 

Total 

Montana 

380 

300 

310 

56,  681 

47,  371 

67,790  58,999 

43,400 

New  Hampshire.. 

1  The  ratios  of  cars  inspected  at  shipping  point  to  United  States  shipments  in  the  various  seasons  were 
1928-2J,  45  percent;  1929-30,  46  percent;  1930-31,  62  percent;  1931-32,  58  percent;  1932-33,  56  percent. 

The  Federal  inspection  service  is  also  available  in  the  markets.  The 
number  of  inspections  of  apples  in  the  city  markets  is  much  smaller 
than  the  number  at  shipping  points  and  in  the  crop  year  1932-33 
totaled  3,081  cars. 

Federal-State  inspection  and  the  use  of  official  standards  facilitate 
transactions  between  a  shipper  and  a  distant  buyer,  furnish  a  basis 
for  contract  transactions,  and  discourage  rejection  of  shipments  at 
the  market  without  just  cause.  An  inspection  certificate  showing  a 
detailed  record  of  the  shipments  is  an  aid  in  settling  any  damage 
claim  with  the  transportation  company.     A  Federal-State  inspection 
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certificate  is  prima  facie  evidence  in  any  United  States  court  (fig.  9), 
and  in  some  State  courts.  The  use  of  official  grades  and  inspection 
encourages  apple  growers  to  produce  good-quality  fruit  and  snippers 
are  encouraged  to  grade  and  pack  properly. 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
Virginia  Department  of  Agriculture— ani>  Immigration 

DIVISION  OF  MARKETS,  RICHMOND,  VA, 


M   104999 


INSPECTION  CERTIFICATE 


■;  with  the  regulations  of  the  Secretary  of  Agriculture  governing  the  inspection  of  various  products  pursuai 
^r  the  United  States  Department  of  Agriculture,  and  Chapter  113,  Aets  of  Virginia  Assembly,  1924,  ana  is  adraisstt 
il>  eoarts  of  the  United  State*  and  of  Virginia.    This  certificate  does  not  encase  failure  to  comply  with  any  of  the  regulatory 
<*  fiartaicxit  of  Agriculture;  or  by  the  Virginia  Department  of  Agriculture  and  Immigration. 

Inspection  poM  ...WXj}Bte&tJST+.J[&*.     Billing  point.  Wif!S&asM£*.!&....     DoiV^BJaJuJL$33 

Applicant    Jofoa  3o«  Orchard  Od., Address  ....l^^.B.tQJ.*. ..Y*?..... 

Shipper. ..Sams ; Address .....s.??.?. ^ 

I,  the  under&gaed,  on  the  dato  above  specified  made  personal  inspection  of  samples  believed  by  me  to  be  representative  of  the  lab 
described,  and  do  hereby  certify  that  the  quality  and/or  ooaditioa,  at  the  said  time  and  on  said  date,  pertaining  to  such  producU.'feVwrfk  0 y 
were  as  stated  below;  \>i>^ 

Car  initial  and  number  JLJLMJkJkJLlJXS Kind  of  car  ...  Hef  rigg 

Car  equipment  and  condition  at  completion  of  inspection. ..A..?.*. .%.JP»*«k. ooWs  raised  to 


Marks,  X  Y  Z 


angle  of  45  degrees,  plugs  in,  bunkers  empty* 

Products:  York  Imperial  *?i?LES.     Loader's  count  202  b§rr 
John  Doe  Orchard  Co.,  Winchester,  Va«      ^^^ 

Loading:    (Ehrough  load,  3  rows,  3  and  4  layerl! 


Pack:  Tight.     Jumble- tailed.     Shredded  oiled  paper  throu^ut.     SJtoelsior  pads 
In  tail  ends  of  a  few  Barrels.  \\> 

Size:    Conforms  to  marks.     In  lot  marked  as  2-1/2  in.  up,-  ranging  from  2-1/2  to 
3-3/4  in.,  mostly  2-1/2  to  3  in. 

Quality  and  condition:    15$  to  full  red  color,  mostly  40  to.  8o$  good  red.     Grade 
defects  each  lot  within  tolerance.  -  Hard.     No  decay. 


Grade: As  marked,  tT.  S.  HO.  1,  2-1/4  to  2-3/4  iIU»  2-l/2  in.  up,     Load  meets 

0.  S.  Standards  for  Export. 
HESSAHESt     Sxe  apples  and/ or  pears  covered  by  this  certificate  meet  the  require- 
ments of  the  Export  Apple  and  Pear  Act. 

F«.#3«5Q- - 

Expenses   .  _  _ 

Total.  j OkB  Bagby  Inspector, 


PLEASE  REFKK  TO  THIS  CEJKTOTCATE  BY  NTLMBER 


Figure  9.— A  Federal-State  inspection  certificate  is  an  official  record  and  certification  of  the  grade  and 

description  of  the  shipment. 

LOADING  CARS  AND  TRANSPORTATION 

In  a  good  system  of  loading  apples  in  cars  there  should  be  an  even 
distribution  of  the  strain  on  the  packages,  which  must  be  stacked 
tightly  and  securely  to  avoid  shifting  and  breaking  in  transit. 

The  most  common  method  of  loading  barrels  is  to  place  them  on 
their  sides  with  heads  toward  the  sides  of  the  car.    Three  barrels  thus 
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placed  end  to  end  will  not  reach  entirely  across  the  car.  The  barrels 
in  the  second  layer  touch  the  side  of  the  car  above  the  space  left  when 
the  first  layer  is  put  in  place.  The  third  layer  is  placed  in  a  position 
similar  to  the  first  layer.  The  number  of  barrels  of  apples  in  a  car- 
load ranges  from  150  to  240.     A  usual  load  is  168  barrels. 

A  common  method  of  loading  bushel  baskets  is  to  place  22  baskets 
in  a  row  lengthwise  of  a  33-foot  car.  The  baskets  are  loaded  4  layers 
high  with  6  rows  filling  the  width  of  the  car.  This  makes  a  load  of 
528  baskets.     Basket  loads,  however,  range  from  375  to  660  per  car. 

The  usual  carload  of  boxed  apples  is  756  boxes,  which  results  from 
placing  the  boxes  7  rows  wide,  6  layers  high,  and  18  stacks  in  the 
length  of  the  car.  Under  heater  and  refrigeration  service  a  space  is 
allowed  between  the  doors  to  permit  bracing  the  load.  Under  ven- 
tilation the  car  is  often  loaded  solid  without  the  bracing.  Spaces 
lengthwise  of  the  car  between  the  rows  permit  the  circulation  of  air 
through  the  load  where  refrigeration  is  used.  In  loading  for  heater 
service,  the  boxes  are  stacked  solid  across  the  car,  leaving  maximum 
spaces  between  the  load  and  the  side  walls  instead  of  using  this  space 
in  allowing  wider  air  passages  between  the  rows.  Car  strips  crosswise 
of  the  car  between  certain  layers  in  the  load  and  touching  the  sides 
of  the  car  are  used  to  prevent  shifting  in  transit. 

In  the  basket  and  barrel  regions  the  refrigerator  car  is  preferred  for 
long-distance  shipments.  Box  cars  are  used,  however,  and  are  fairly 
satisfactory  for  short-distance  shipments  in  mild  weather.  Only  a 
small  part  of  the  shipments  of  apples  in  baskets  and  barrels  is  made 
under  ice. 

Practically  all  shipments  of  boxed  apples  are  in  refrigerator  cars. 
Different  kinds  of  service  for  protection  of  apple  shipments  are  avail- 
able. Standard  ventilation  is  generally  used  in  the  fall  when  cool 
but  not  cold  weather  is  expected.  In  the  western  region  between 
October  15  and  April  15,  " shippers  protective  service"  or  "carriers 
protective  service"  against  cold  are  generally  available. 

Under  shippers'  protective  service,  formerly  the  shipper  sent  a  care- 
taker with  the  shipment  who  either  ventilated  or  heated  the  car  in 
transit  as  conditions  required.  The  shipper  also  furnished  any  equip- 
ment for  protection  of  the  apples  against  freezing,  such  as  stoves  and 
fuel.  The  railroad  did  not  assume  freezing  risks  but  furnished  free- 
transportation  for  the  caretaker  to  the  destination  and  return.  In 
recent  years  caretakers  have  not  been  sent  with  shipments  under 
shippers  protective  service,  but  supplementary  insulation  inside  the 
car  is  used  to  protect  the  apples  from  freezing.  Under  carriers  pro- 
tective service  which  is  available  on  all  western  railroads  as  far  east 
as  the  Illinois-Indiana  State  line  the  railroad  assumes  the  risk  of 
damage  to  the  fruit  from  freezing  in  transit  and  charges  for  this  serv- 
ice in  addition  to  freight.  A  charcoal  heater  in  the  bunker  is  used  in 
protecting  the  load  against  freezing  in  transit. 

Under  standard  refrigeration  the  railroad  must  keep  the  car  iced 
and  is  responsible  for  deterioration  of  the  apples  in  transit  due  to  im- 
proper refrigeration.  A  charge  in  addition  to  freight  is  madefor  this 
service  which  is  used  generally  in  medium-  or  long-distance  shipments 
of  apples  prior  to  October  15  and  after  April  15. 

Freight  rates,  refrigeration  charges,  and  carriers'  protective  service 
charges  to  New  York  and  Chicago  from  representative  apple-shipping 
points  are  shown  in  table  12.     These  rates,  as  of  November  1933,  are 
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presented  merely  to  show  approximate  transportation  costs  and  can 
have  no  standing  in  adjusting  claims  with  the  carriers.  In  shipments 
to  New  York  from  Martinsburg,  W.  Va.,  the  freight  rate  per  100 
pounds  was  29  cents  as  compared  with  $1.25  from  Yakima,  Wash. 
Refrigeration  charges  ranged  from  $40  to  $85.50  per  car. 


Table  12. 


Transportation  charges  on  apples  from  representative  shipping  points 
to  New  York  and  Chicago  ' 


Shipping  point 


Freight  rate  per  100 
pound  to— 

Charges    per    car    for 
standard     refrigera- 
tion to — 

New  York 

Chicago 

New  York 

Chicago 

Cents 

Cents 

Dollars 

Dollars 

125 

125 

85.50 

72.00 

125 

125 

85.50 

72.00 

125 

94 

72.00 

58.50 

97 

46 

71.25 

57.00 

60 

27^ 

60.00 

40.00 

50 

22 

55.00 

40.00 

29 

45 

50.00 

50.00 

32 

34 

40.00 

50.00 

Charges 

per  100 
pounds  for 

carriers 
protective 

service  3 
to  Chicago 


Yakima,  Wash 

Sebastopol,  Calif 

Grand  Junction,  Colo 

Springdale,  Ark 

East  Hardin.  111. 

Fennville,  Mich 

Martinsburg,  W.  Va. 
Lockport,  N.  Y 


Cents 
(3) 
(3) 


'  These  rates  as  of  November  1933  are  based  on  minimum  carloads  as  follows:  Shipments  from  Yakima  and 
Sebastopol,  31,000  pounds  for  cars  under  32  feet  9  inches  in  length,  and  35,000  pounds  for  cars  32  feet  9  inches 
or  more  in  length;  for  shipments  from  Grand  Junction  the  minimum  weight  is  30,000  pounds  and  for  other 
points  24,000  pounds.  This  tabulation  is  presented  merely  to  show  approximate  transportation  charges 
and  can  have  no  standing  in  adjusting  claims  with  the  carriers. 

2  No  charges  to  New  York  published,  since  this  service  on  western  apples  applies  only  as  far  east  as  the 
Illinois-Indiana  line. 

3  No  charges  published. 

*  Minimum  charge  $12  per  car. 
8  Minimum  charge  $15  per  car. 


COLD  STORAGE  OF  APPLES 

Apples  intended  for  sale  later  in  the  season  should  be  placed  in  cold 
storage  as  soon  as  possible  after  they  are  packed.  Apples  that  are 
allowed  to  remain  at  a  rather  high  temperature  for  some  time  will 
become  mealy  and  will  depreciate  in  value  much  sooner  than  when 
placed  in  cold  storage  as  soon  as  they  are  packed.  This  is  particularly 
true  of  some  of  the  more  tender  varieties.  About  30°  to  32°  F.  is  the 
best  range  in  temperature  for  apple  storage. 

Common  storage  is  used  to  a  limited  extent,  but  in  the  important 
apple-producing  districts  and  in  the  markets  the  cold  storage  is  in 
general  use. 

Cold-storage  holdings  of  apples  are  at  their  seasonal  peak  each  year, 
in  November  or  as  reported  on  December  1.  As  an  average  for  the 
period  1928-33,  18  percent  of  the  December  1  holdings  are  in  storage 
by  October  1  and  87  percent  by  November  1.  A  little  more  than  half 
of  the  December  1  holdings  moved  out  of  storage  by  March  1.  On 
April  1  only  about  one-fourth  remained,  and  on  May  1  about  one- 
seventh  of  the  December  1  holdings  were  still  in  storage  (table  13). 
Barreled  stock  has  moved  out  of  storage  at  a  relatively  more  rapid 
rate  than  apples  in  boxes  or  baskets. 

As  an  average  for  the  crops  of  1928-32,  the  December  1  holdings  in 
all  containers  were  equivalent  to  about  31,000,000  bushels.  This  is 
about  one-third  of  the  average  commercial  production  in  these  years. 
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Table  13. — Apples  in  cold  storage  by  type  of  containers,  first  of  each  month,  October- 
June,  and  relation  to  Dec.  1  holdings,  5-year  averages,  1928-33 


Month 


October. ._ 
November 
December- 
January..  . 
February  . 

March 

April 

May 

June 


Bushel-basket 
stock 


Amount 


1,000 

bushels 

1,847 

7,545 

7,993 

6,908 

5,317 

3,650 

2,021 

973 

364 


Rela- 
tion to 
Dec.  1 
hold- 
ings 


Percent 
23 
94 
100 
86 
67 
46 
25 
12 
5 


Barrel  stock 


Amount 


1,000 

bushels 

1,604 

6,159 

5,981 

5,080 

3,644 

2,327 

1,223 

589 

221 


Rela- 
tion to 
Dec.  1 
hold- 
ings 


Percent 
27 
103 
100 
85 
61 
39 
20 
10 


Box  stock 


1,000 
bushels 
2,101 
13,  478 
17, 131 
15, 102 
11,954 
8,523 
5,  378 
2,842 
1,025 


Rela- 
tion to 
Dec.  1 
hold- 
ings 


Percent 
12 
79 
100 
88 
70 
50 
31 
17 
6 


Total 


Amount 


1,000 

bushels 

5,552 

27, 182 

31, 105 

27,  090 

20,  915 

14,  500 

8,622 

4,404 

1,610 


Rela- 
tion to 
Dec.  1 
hold- 
ings 


Percent 
18 
87 
100 
87 
67 
47 
28 
14 
5 


Figure  10.— Boxed  apples  in  cold  storage. 

Cold-storage  facilities  are  available  in  most  producing  districts  and 
in  large  markets.  The  geographical  location  of  storage  apples  at 
different  times  through  the  season  is  of  interest  in  marketing.  The 
1930-33  average  holdings  of  storage  apples  in  boxes,  barrels,  and 
baskets  on  October  1,  December  1,  and  May  1  are  shown  by  States 
or  groups  of  States  in  table  14.  About  one-fourth  of  the  December  1 
storage  holdings  are  usually  in  the  North  Atlantic  States  and  about 
two-fifths  in  the  western  region.  For  the  3-year  period,  in  the  western 
region,  the  holdings  on  October  1  were  only  35  percent  of  the  total 
United  States  holdings  as  compared  with  42  percent  December  1. 
On  December  1,  75  percent  of  the  stored  boxes  were  in  the  West  and 
on  May  1,71  percent.  This  indicates  that  most  of  the  western  apples 
are  held  in  storage  at  shipping  points  until  placed  on  the  markets 
(fig.  10).    The  most  important  State  in  storage  holdings  is  Washington, 
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where  an  average  of  31  percent  of  the  United  States  December  1 
holdings  was  located  in  1930-32.  New  York  had  17  percent,  Illinois 
7  percent,  and  the  group  consisting  of  Delaware,  Maryland,  District 
of  Columbia,  and  Virginia  10  percent  (table  14). 

Table  14. — Cold-storage  holdings  of  apples  by  containers  and  by  States  or  groups  of 
States  and  regions  in  relation  to  United  States  holdings,  Oct.  1,  Dec.  1,  and  May  1, 
averages,  October  1930  to  May  1933 


States  and  region  in 
which  stored 

Boxes 

Barrels 

Bushel  baskets 

All  containers 

Oct. 

1 

Dec. 
1 

May 
1 

Oct. 

1 

Dec. 
1 

May 

1 

Oct. 
1 

Dec. 
1 

May 
1 

Oct. 
1 

Dec. 
1 

May 

1 

Maine,     Massachusetts, 
Rhode  Island,  Connec- 
ticut..     .  

Per- 
cent 
7.9 
2.8 
.6 
.3 

Per- 
cent 
2.3 
2.0 
2.9 
1.7 

Per- 
cent 
2.2 
2.3 
2.6 
2.6 

Per- 
cent 
0.9 
61.5 
1.9 
1.0 

Per- 
cent 
2.5 
39.8 
2.4 
6.2 

Per- 
cent 

2.7 

51.9 

.9 

2.2 

Per- 
cent 
3.4 
46.9 
3.2 
2.9 

Per- 
cent 
2.5 
32.3 
5.0 
7.8 

Per- 
cent 
3.2 
36.2 
6.7 
5.4 

Per- 
cent 
4.7 
31.8 
1.8 
1.4 

Per- 
cent 
2.4 
16.8 
3.4 
4.2 

Per- 
cent 
2.5 

15.1 

New  Jersey 

Pennsylvania 

3.5 
3.2 

North  Atlantic 

11.6 

8.9 

9.7 

65.3 

50.9 

57.7 

56.4 

47.6 

51.5 

39.7 

26.8 

24.3 

Ohio,  Indiana 

Illinois 

Michigan,  Wisconsin 

.5 
.8 
.2 
.2 
.1 
.4 

.2 

.7 
7.5 

.8 
1.9 

.1 
1.4 

.9 

1.2 
8.5 
1.7 
2.2 
.2 
1.3 

.  7 

.6 
5.0 
.3 

"~.~3~ 
2.4 

.2 

.4 

3.1 

2.1 

.1 

.4 

3.4 

.6 

.5 

6.8 

5.0 

.3 

.5 

4.7 

1.0 

4.6 

9.5 

3.C 

.1 

.4 

11.5 

1.8 

6.7 
9.1 
5.2 

A 

7.8 

3.1 

5.5 

10.5 

6.1 

...... 

5.4 

2.4 

2.0 

4.9 

1.2 

.2 

,  2 
A.  8 

.8 

2.4 
7.3 
2.3 
1.1 
_  o 
3.6 

1.5 

2.2 
8.8 
3.1 
1.4 

.2 

2.6 

South  Dakota,  Nebraska, 
Kansas,  North  Dakota 

1.2 

North  Central 

2.4 

13.3 

15.7 

8.8 

10.1 

18.8 

30.9 

32.4 

30.0 

14.1 

18.4 

19.5 

Delaware,       Maryland, 
District  of  Columbia, 
Virginia 

West     Virginia,     North 
Carolina,  Georgia, 
Florida 

.4 
.3 

.6 
.2 

1.3 
.4 

23.3 
2.2 

33.3 

4.8 

18.8 
4.1 

8.4 
2.2 

13.8 
2.9 

15.3 
2.0 

8.4 
1.4 

9.6 
1.7 

6.3 
1.1 

South  Atlantic 

.7 

.8 

1.7 

25.5 

38.1 

22.9 

10.6 

16.7 

17.3 

9.8 

11.3 

7.4 

Kentucky,      Tennessee, 
Alabama  ..      

.2 

.5 

.3 
1.2 

.5 

1.7 

.4 

.8 

.  1 

.6 

1.2 
.5 

1.1 

.r, 

.4 

.6 
.4 

.6 

.9 

.5 

Arkansas,  Louisiana,  Ok- 
lahoma, Texas...  

1.3 

South  Central 

.7 

1.5 

2.2 

.4 

.9 

.6 

1.7 

1.8 

1.0 

1.0 

1.5 

1.8 

Colorado,  New  Mexico, 
Idaho,     Montana, 

.4 

34.3 

3.1 

46.8 

1.2 
56.2 

5.7 
12.4 

54.' 2 

1.2 

14.6 

.4 

1.5 

.2 

.3 

14.3 

1.3 

19.5 

1.1 

30.9 

3.2 

6.8 

.5 

36.0 

.8 

9.7 

84.6 

75.5 

70.7 

.4 

1.5 

.2 

35.4 

42.0 

47.0 

Total 

United  States  holdings. .. 

100. 0 

1,000 
bares 
2,584 

100.0 

1,000 
boxes 
17,656 

100.  C 

1,000 
boxes 
3,179 

100.0 

1,000 
bar- 
rels 
429 

100.0 

1,000 
bar- 
rels 
1,661 

100.0 

1,000 
bar- 
rels 
145 

100.0 

1,000 
bush- 
els 
2,119 

100.0 

1,000 
bush- 
els 
9,432 

100.0 

1,000 
bush- 
els 
1,171 

100.0 

1,000 
bush- 
els 
5,990 

100.0 

1,000 
bush- 
els 
32, 071 

100.0 

1,000 

bush 

els 

4,785 

Storage  rates  vary  with  districts  and  individual  storages.  Cold- 
storage  charges  for  apples  in  the  New  York  City  metropolitan  area 
in  the  1933-34  season  were,  for  standard  western  boxes,  5  to  7  cents 
per  month,  with  an  additional  handling  charge  of  5  cents  per  box. 
The  season  storage  rate  to  April  1  was  from  23  to  27  cents  per  box. 
For  barrels  the  monthly  rate  was  15  to  20  cents  and  for  the  season  to 
April  1,  60  to  75  cents.  There  was  an  additional  handling  charge  of 
12  cents  per  barrel.  For  bushel  baskets  the  monthly  charge  was  6  to 
9  cents;  season  rate  to  April  1,  25  to  31  cents,  and  additional  handling 
charge  5  cents. 
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FINANCING  THE  CROP 

The  costs  per  acre  of  growing,  harvesting,  and  preparing  apples  for 
market  are  relatively  high  in  comparison  with  many  other  crops.  In 
many  apple-growing  districts  the  need  for  capital  to  take  care  of  these 
expenses  has  normally  been  in  excess  of  amounts  available  from  local 
sources.  Under  these  conditions  the  practice  became  common  for 
city  dealers  to  advance  funds  to  growers  either  directly  or  through 
local  agencies.  Through  this  extension  of  credit,  dealers  usually  ob- 
tained marketing  control  of  the  crops  of  growers  so  financed  which 
assured  the  dealers  of  definite  volumes  of  business.  Advances  to 
growers  through  these  channels  as  well  as  those  advances  made  by 
local  dealers  were  either  in  cash  or  supplies,  or  more  frequently  both 
cash  and  supplies  were  advanced.  Recent  economic  conditions  have 
rendered  it  increasingly  difficult  for  growers  to  obtain  funds  from 
customary  trade  sources.  By  1932  it  had  become  practically  im- 
possible in  the  Pacific  Northwest  for  many  apple  growers  to  obtain 
from  private  lenders,  including  trade  sources,  the  necessary  finances 
for  producing  and  marketing  their  commodity. 

In  this  emergency,  the  Federal  Government  first  through  the 
Reconstruction  Finance  Corporation,  and  later  through  Regional 
Agricultural  Credit  Corporations  furnished  credit  for  fruit  production. 
These  emergency  measures  were  not  limited  in  their  application  to  the 
Pacific  Northwest,  although  growers  in  this  area  made  generous  use 
of  these  credit  facilities. 

Following  these  emergency  measures,  fruit  growers  and  other  pro- 
ducers in  the  Northwest,  as  well  as  other  areas,  have  formed  local 
cooperative  production  credit  associations  under  the  Farm  Credit 
Act  of  1933.  These  associations  discount  growers'  notes  with  Fed- 
eral intermediate  credit  banks,  thus  making  funds  available  for  pro- 
duction, harvesting,  and  packing  expenses.  It  is  the  purpose  of  the 
Farm  Credit  Act  that  this  system  of  furnishing  funds  to  growers  shall 
supply  a  permanent  source  of  short  term  credit  for  producers. 

In  addition  to  the  production  credit  associations,  mention  should 
be  made  of  credit  facilities  formed  under  auspices  other  than  the  Farm 
Credit  Act,  and  discounting  growers'  paper  through  Federal  inter- 
mediate credit  banks.  In  the  Pacific  Northwest  there  are  several 
producer-controlled  agricultural  credit  corporations  which  have  dis- 
counted their  members'  paper  through  the  channels  of  the  Federal 
intermediate  credit  banks  for  some  time  prior  to  the  passage  of  the 
Farm  Credit  Act.  In  some  instances  cooperative  associations  of 
growers  have  handled  their  members'  borrowings  directly  with  a 
Federal  intermediate  credit  bank. 

In  the  Pacific  Northwest  substantially  more  than  half  of  the  1934 
apple  production  was  financed  by  Federal  funds.  The  Federal  loan- 
ing agencies  usually  make  loans  on  a  budget  basis.  Advances  are 
made  as  needed  and  in  a  conservative  amount  which  in  1934  did  not 
exceed  55  to  65  cents  per  box  for  the  grades  to  be  marketed.  These 
totals  included  production,  harvesting,  and  packing  expenses,  ap- 
proximately one-third  of  the  advance  usually  being  needed  prior  to 
harvest  time.  The  rate  of  interest  on  Federal  loans  to  the  Northwest 
apple  grower  in  the  spring  of  1934  was  5l/2  percent. 
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METHODS  OF  SALE  IN  PRODUCING  DISTRICTS 

Commercial  apple  growers  usually  sell  their  crops  under  one  or 
more  of  the  following  methods:  (1)  To  dealers  operating  in  the  pro- 
ducting  districts  for  cash  or  on  account,  the  fruit  being  delivered  at 
shipping  point,  packing  house,  or  storage;  (2)  for  cash  at  the  orchard 
either  on  the  tree  or  picked  on  a  crop-contract  basis  or  on  a  package 
basis  to  car-lot  dealers  or  truckers;  (3)  through  a  private  marketing 
agency  operating  at  shipping  point  which  charges  a  commission  for  its 
services;  (4)  through  a  cooperative  marketing  association  in  which 
returns  are  often  pooled  among  the  growers ;  (5)  through  direct  con- 
signment to  dealers  in  the  markets  who  charge  a  commission  for  their 
selling  services  (some  growers  produce  and  market  fruit  on  a  joint- 
account  basis  with  city  dealers)  and  (6)  direct  to  consumers  or  retail- 
ers through  roadside  stands  or  by  peddling  to  nearby  markets. 

Shipping-point  dealers,  cooperative  associations,  marketing  agen- 
cies, and  large  growers  sell  in  car  and  truck  loads  to  city  dealers  on  an 
f.  o.  b.  basis,  on  a  delivered  basis,  or  consign;  or  they  market  on  a 
joint-account  basis  with  city  dealers. 

The  term  "f.  o.  b."  as  defined  by  the  United  States  Department  of 
Agriculture  means  that  the  shipment  is  to  be  placed  free  on  board  the 
car  or  other  agency  of  through  land  transportation  at  shipping  point 
in  suitable  shipping  condition,  and  that  the  buyer  assumes  all  risks  of 
damage  and  delay  in  transit  not  caused  by  the  shipper,  irrespective  of 
how  the  shipment  is  billed.  The  buyer  has  the  right  of  inspection  at 
destination  before  payment  is  made,  but  only  for  the  purpose  of  deter- 
mining that  the  shipment  complied  with  the  terms  of  the  contract  or 
order  at  the  time  of  shipment,  subject  to  the  provision  covering  suit- 
able shipping  condition.  This  right  of  inspection  does  not  convey  or 
imply  any  right  of  rejection  by  the  buyer  because  of  any  loss,  damage, 
deterioration,  or  change  which  has  occurred  in  transit. 

"Suitable  shipping  condition  "  in  relation  to  direct  shipments  means 
that  the  shipment  at  time  of  billing  shall  be  in  a  condition  which, 
when  handled  under  normal  transportation  service  and  conditions, 
will  assure  delivery  without  abnormal  deterioration  at  the  specified 
destination. 

A  common  method  of  payment  in  an  f.  o.  b.  transaction  is  for  a 
draft  in  the  amount  of  the  price  of  the  shipment,  either  in  full  or  for 
an  unpaid  balance,  to  be  forwarded  at  time  of  shipment  along  with 
the  bill  of  lading  or  delivery  order  through  the  shipper's  bank  to  a 
correspondent  bank  at  destination  of  shipment.  The  buyer  upon 
payment  of  the  draft  can  unload  or  otherwise  dispose  of  the  car. 
The  buyer  has  the  privilege  of  inspecting  the  shipment  before  paying 
the  draft  to  determine  that  the  quality,  condition,  and  grade  of  the 
goods  are  in  accordance  with  the  specifications  of  the  contract.  In 
some  instances  where  the  sale  has  been  made  on  an  f.  o.  b.  basis  the 
shipment  may  be  billed  "open  ",  in  which  case  the  buyer  may  obtain 
possession  of  the  shipment  before  payment  is  made.  In  an  f.  o.  b. 
cash-track  sale  the  buyer  pays  cash  at  shipping  point.  In  a  delivered- 
at-destination  sale,  the  shipper  has  all  transportation  risks.  In  a 
consignment  the  shipper  pays  a  commission  to  the  city  dealer  for  his 
services  in  selling  the  apples. 
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In  shipments  of  western  apples  for  sale  through  a  city  auction  an 
agent  in  the  market,  known  as  a  receiver,  represents  the  shipper  at  the 
auction  sale.  Many  of  the  receivers  specialize  in  handling  goods 
through  the  auction.  In  some  instances  commission  dealers  or  whole- 
sale car-lot  dealers  represent  the  shipper  at  the  auction  sale.  Some 
growers  or  shippers  send  their  own  representatives  from  the  producing 
district  to  a  city  market  to  look  after  the  auction  sales.  Occasionally 
a  shipment  is  made  direct  to  an  auction  company,  but  most  auction 
companies  state  that  they  do  not  handle  direct  shipments.  The 
commission  charged  by  auction  companies  varies  somewhat  among 
the  cities  and  with  other  conditions.  A  charge  of  about  2  percent  is 
common,  and  in  some  instances  there  are  small  additional  charges  to 
the  seller  for  unloading  or  handling.  Receivers  often  charge  a  certain 
amount  per  car,  or  a  commission,  frequently  5  percent,  for  represent- 
ing the  shipper  at  the  auction  sale,  and  out  of  this  amount  pay  the 
commission  to  the  auction  company. 

In  years  of  heavy  production,  when  the  demand  is  light,  a  larger 
proportion  of  the  crop  than  usual  is  consigned.  Many  growers  as  well 
as  shipping-point  dealers  consign.  Various  rates  of  commission  on 
consignments  are  charged  by  city  dealers,  depending  on  conditions,  such 
as  size  of  market  and  location.  Commission  charges  generally  range 
from  7  to  10  percent.  The  higher  commissions  usually  apply  when  the 
shipment  is  sold  to  jobbers  or  retailers  in  small  lots.  Much  com- 
mission business  is  obtained  by  city  firms  through  an  advance  pay- 
ment of  one  kind  or  another.  These  commission  firms  often  make 
loans  to  the  growers  to  assist  in  production,  harvesting,  packing,  and 
storing  of  the  crop. 

The  advent  of  the  motor  truck  has  resulted  in  pronounced  changes 
in  marketing  methods  in  some  districts,  particularly  in  the  eastern 
regions.  Cash  sales  to  truckers  at  the  orchards  have  become  com- 
mon. Truck  shipments  on  consignment  to  city  dealers  or  truck 
deliveries  of  outright  sales  are  frequent.  Truckers  also  sell  to  jobbers 
or  peddle  the  apples  to  consumers  and  retailers. 

Brokers  operating  in  either  producing  districts  or  city  markets 
often  arrange  transactions  between  shippers,  including  large  growers 
and  city  dealers. 

Various  methods  of  sale  are  used  by  growers  and  dealers  in  market- 
ing the  crop  in  any  district.  No  attempt  will  be  made  here  to  discuss 
in  detail  the  methods  used  in  each,  but  a  brief  statement  of  methods 
used  in  a  few  leading  districts  and  areas  follows. 

In  western  New  York  most  of  the  apples  are  sold  by  growers  to 
local  dealers  or  agents  who  pack  the  fruit  and  sell  it  to  city  dealers. 
The  growers  frequently  bring  the  apples  as  they  come  from  the  orchard 
loose  in  slatted  crates  or  barrels,  to  the  dealers'  packing  house,  where 
they  are  graded  and  sized.  Large  quantities  of  apples  are  also  packed 
on  the  farm.  Consignments  by  growers,  sales  to  traveling  buyers,  and 
sales  through  cooperative  associations  are  also  made  by  New  York 
growers.  The  majority  of  car-lot  sales  are  made  f.  o.  b.  at  shipping 
point,  although  the  sales  on  a  delivered  basis  are  becoming  more 
popular. 

In  Michigan  a  frequent  method  of  sale  by  growers  is  in  baskets  in 
wagon  or  truck  loads  for  cash.  Dealers  or  assembling  brokers  at  the 
Benton  Harbor  market  buy  from  the  growers  and  assemble  into  larger 
lots  for  shipment  by  truck  to  Chicago  or  other  markets.     In  other 
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parts  of  Michigan  representatives  of  city  dealers  and  local  shippers 
often  buy  the  apples  from  entire  orchards  from  the  growers.  There  are 
also  a  number  of  cooperative  associations  which  usually  sell  through 
truckers  or  other  local  dealers.  Sales  at  roadside  stands  are  important 
in  Michigan  as  in  other  districts  in  populous  areas. 

In  the  Cumberland-Shenandoah  area  some  crops  are  sold  outright 
on  the  trees  to  truckers  or  car-lot  shippers.  Local  dealers  and  market- 
ing agencies  operate  in  this  area.  There  are  some  joint-account 
transactions.  In  States  like  Massachusetts  and  New  Jersey  much  fruit 
is  consigned  to  city  dealers  and  is  hauled  by  truck.  Sales  of  apples 
to  truckers  at  the  farm  are  an  important  means  of  disposal  in  many  of 
the  Eastern  States  near  the  large  markets.  Large  quantities  of  apples 
in  Illinois  are  consigned  or  sold  to  truckers. 

In  the  Northwest  cooperative  marketing  associations  are  important 
in  selling  the  apple  crop.  Local  cooperatives  have  performed  various 
functions  in  purchasing  supplies  for  growers,  operating  packing  and 
storage  plants,  and  selling  the  product.  The  larger  locals  or  federations 
of  locals  sell  either  direct  or  through  some  selling  agency.  Private- 
sale  organizations  are  also  important  in  the  Northwest.  They  con- 
tract with  growers  to  sell  the  fruit  for  a  stipulated  charge  per  package. 
Local  buyers  and  representatives  of  eastern  wholesale  fruit  dealers 
also  handle  considerable  quantities  of  boxed  apples. 

Most  of  the  Northwest  shipments  are  sold  by  the  shippers  through 
brokers  in  the  markets,  although  car-lot  buyers  often  deal  direct  with 
the  sellers.  National  marketing  agencies  operating  in  the  district  have 
their  own  selling  representatives  in  the  cities.  Sales  on  an  f .  o.  b.  basis 
are  the  most  popular  method  of  sale  by  northwestern  shippers. 

A  marketing  agreement  for  Northwest  fresh  tree  fruit  under  the 
provisions  of  the  Agricultural  Adjustment  Act  of  May  12,  1933,  was 
in  operation  during  the  1933-34  apple  season,  in  the  four  Northwestern 
States  of  Washington,  Oregon,  Idaho,  and  Montana.  Commodity 
committees  had  authority,  subject  to  the  approval  of  a  control  com- 
mittee, to  regulate  the  volume  of  shipments  by  grades,  sizes,  and 
varieties,  by  proration  among  districts  and  handlers;  to  name  mini- 
mum shipping-point  prices;  and  to  control  the  marketing  in  other 
ways.  Apple  handlers  in  the  four  States  were  licensed  to  operate 
by  the  Secretary  of  Agriculture. 

MARKET  INFORMATION 

In  marketing  the  apple  crop,  growers,  shippers,  and  dealers  have 
available  official  information  on  crop  condition,  movement  to  market, 
and  prices.  In  a  number  of  the  leading  producing  districts,  Federal- 
State  market-news  reports  have  been  published  daily  during  the  main 
part  of  the  shipping  seasons,  and  mailed  free  of  charge  to  those  re- 
questing this  service.  The  market-news  reports  include  records  of 
daily  car-lot  shipments  of  apples  by  States  of  origin;  car-lot  arrivals 
and  supplies  in  the  leading  markets  and  truck  receipts  in  a  few  of  the 
markets;  and  prices  in  various  shipping  districts  and  in  the  markets. 
In  some  shipping  districts  the  destinations  of  car-lot  shipments  are 
included  in  the  reports.  Through  the  Foreign  Agricultural  Service 
Division  of  the  Bureau  of  Agricultural  Economics  reports  are  avail- 
able on  prices  and  conditions  in  European  markets.  Federal  market- 
news  reports  are  issued  from  branch  offices  in  the  large  cities. 
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The  reports  of  shipments  and  arrivals  and  unloads  in  the  markets 
are  obtained  by  the  Federal-State  market-news  service  through  the 
cooperation  of  the  railroads. 

Federal  and  State  agencies  issue  reports  periodically  through  the 
season  on  condition  of  the  crop.  A  weekly  summary  of  car-lot  ship- 
ments is  issued  by  the  Bureau  of  Agricultural  Economics. 

Bulletins  and  special  reports  are  available  through  Federal  and 
State  agencies,  relating  to  various  aspects  of  the  apple  industry  which 
should  be  helpful  in  marketing  the  crop. 

Trade^  papers,  radio  reports,  and  private  reports  are  also  sources 
of  price,  supply,  and  other  marketing  information. 

CAR-LOT  AND  BOAT  SHIPMENTS 

A  large  part  of  the  commercial  apple  crop  is  moved  to  market  in 
carloads,  although  the  movement  by  truck  has  become  very  important 
in  recent  years.  A  few  apples  are  shipped  by  rail  in  less  than  car  lots, 
particularly  early  varieties,  but  the  quantity  is  relatively  unimportant. 
For  the  5-year  period  1928-29  to  1932-33,  car-lot  and  boat  shipments 
amounted  to  68  percent  of  the  commercial  apple  crop  of  the  United 
States  (table  15).  Boat  shipments,  both  for  export  and  domestic 
purposes  stated  in  car-lot  equivalents,  are  included  in  the  statistics 
of  car-lot  shipments. 

The  percentages  of  the  commercial  crop  shipped  by  rail  and  boat  vary 
among  the  States  and  regions.  The  western  crop  is  largely  shipped 
by  rail  and  boat.  In  some  of  the  Eastern  States,  as  New  Jersey  and 
Massachusetts,  the  crop  is  shipped  chiefly  by  truck,  only  about  10 
percent  of  the  commercial  crop  of  each  of  these  States  being  shipped 
in  carloads. 

Car-lot  and  boat  movement  of  apples  in  the  5  years  has  ranged 
from  about  77,000  cars  in  1932-33  to  about  128,000  cars  in  1928-29, 
and  has  averaged  nearly  104,000  cars.  Shipments  from  the  western 
region  of  55,000  cars  were  a  little  more  than  half  the  number  shipped 
in  the  entire  United  States.  It  should  be  kept  in  mind  that  cars  of 
apples  are  loaded  heavier  in  the  western  region  than  in  other  regions. 
Cars  from  the  Northwest  contain  approximately  40  percent  more 
apples  than  cars  from  other  regions.  Washington,  with  an  average 
of  37,000  cars  or  about  one-third  of  the  total  cars  moved  in  the 
United  States,  is  the  most  important  source  of  shipments.  Virginia 
is  the  next  most  important  source  followed  by  New  York  (table  15). 

The  movement  of  apples  to  market  is  at  its  height  in  October.  The 
average  October  movements  of  35,000  cars  compare  with  the  next 
largest  monthly  movements  of  less  than  16,000  cars  in  November  and 
nearly  14,000  cars  in  September  (table  16). 
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Table  15. — Car-lot  and  boat  shipments  of  apples  by  States  and  regions,  crop  move- 
ment season,  1928-29  to  1932-33  « 


1928-29 

1929-30 

1930-31 

1931-32 

1932-33 

1928-29  to  1932-33 

State  and  region 

5- year 
average 

Relation 
of  car-lot  2 

ship- 
ments to 
commer- 
cial 
produc- 
tion 

Cor* 
227 
355 
324 

388 

47 

13,  671 

354 

2,796 

Cars 

1,333 

322 

630 

275 

8 

9,253 

331 

2,401 

Cars 

989 
719 
490 
975 
105 
15,  429 
906 
2,765 

Cars 

154 

71 

591 

48 

2 

9,090 

200 

3,  313 

Cars 

1,216 

220 

609 

180 

7 

10,  579 

158 

2,  913 

Cars 

784 

337 

529 

373 

34 

11,604 

390 

2,838 

Percent 
36 

New  Hampshire 

30 

Vermont.  . 

52 

Massachusetts  _. 

10 

Connecticut 

2 

48 

New  Jersey 

Pennsylvania - 

9 
40 

North  A  tlantic . .  

18, 162 

14,  553 

22,  378 

13,  469 

15,882 

16,889 

37 

Ohio 

1,547 

528 

5,046 

2,  651 

432 

85 

52 

1,758 

438 

.  186 

2,326 

4,053 

595 

46 

23 

758 

196 

210 

3,388 

1,884 

151 

25 

11 

541 

1,643 

611 

4.779 

2,819 

139 

59 

40 

1,295 

1 

314 

1,252 

391 

112 

1,884 

1,393 

138 

15 

20 

217 

843 

330 

3,485 

2,560 

291 

46 

29 

914 

23 
27 

Illinois     

59 

Michigan-^ 

32 

Wisconsin 

Minnesota    

38 
25 

Iowa 

5 

39 

North  Dakota..  .  

Nebraska -     . 

40 
516 

110 
670 

54 

249 

44 
33 

112 
544 

28 

Kansas 

41 

North  Central- - 

12,655 

9,205 

6,709 

12,  952 

4.247 

9,154 

38 

Delaware .-  - 

1,352 

1,722 

20,282 

6,608 

231 

283 

820 

1,852 

16,  705 

7,385 

160 

182 

1,353 
1,378 
7,402 
3,381 
64 
160 

724 

2,048 

17, 172 

6,987 

134 

83 

819 

974 

6.990 

3,772 

1 

26 

1,013 

1,595 

13,  710 

5,627 

118 

147 

50 

Maryland - 

65 

Virginia 

87 

West  Virginia 

80 

North  Carolina ... 

10 

Georgia 

21 

South  Atlantic 

30,  478 

27, 104 

13,738 

27,  148 

12,582 

22,  210 

76 

88 
50 

6 
1,265 

4 

56 
67 
17 
417 
5 
15 

40 
11 
12 
331 
36 
1 

219 
54 
20 

331 

12 

10 

1 

3 

106 

2 

83 
36 
11 
490 
12 
3 

12 

Tennessee 

Alabama 

28 

Oklahoma.  - 

11 

Texas.. 

1,  413 

577 

431 

636 

122 

635 

21 

527 

6,508 

2 

2,804 

305 

391 
7,119 

388 

6,972 

1 

1,082 

212 

252 
5,354 

237 
4,324 

359 

6,055 

1 

1,732 

375 

1 

476 

70 

Idaho 

98 

Wyoming - 

2,322 

966 

6 

196 

1,093 
280 

1,361 
110 

61 

48 

3 

Utah     

611 

41,317 
6,447 
6,300 

1,089 

3 

479 

56 

Washington.  .  ..- 

34,220 
2,680 
3,462 

45,  217 
5,624 
5,953 

34,  558 
2,139 
3,847 

30,  822 
3,324 
3.930 

37,  227 
4,043 
4,698 

3  101 

90 

64 

Western 

64,822 

51,  362 

66,  538 

47,  526 

44,587 

54,  967 

92 

United  States       

127,  530 

102,  801 

109,  794 

101,  731 

77,  420 

103,  855 

68 

1  Crop-movement  season  extends^from  June  of  one  year  through  June  of  the  following  year. 

3  In  computing  the  relation  of  car-lot  shipments  to  commercial  production,  the  following  quantities  per 
car  were  used:  For  the  eastern  region,  525  bushels;  Colorado,  Idaho,  and  Utah,  660  bushels;  other  States  in 
the  western  region,  756  bushels. 

3  That  shipments  were  greater  than  the  commercial  crop  may  be  explained  by  the  fact  that  nearly  all  the 
Washington  commercial  crop  is  shipped  and  some  shipments  of  apples  not  considered  in  commercial  pro- 
duction are  made  to  canneries,  etc. 
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Table    16. — Average  monthly  car-lot  and  boat  shipments  from   principal   apple 
States,  July  1928-June  1933  » 


State  of  origin  and 
region 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Total 

Maine 

Massachusetts 

Cars 
0 
0 
18 
114 
24 

0 

Cars 

0 

2 

273 

105 

41 

0 

Cars 
41 
33 

1,104 
37 
227 

255 

Cars 
343 
139 

2,428 
39 

1,023 

440 

Cars 
272 
131 

1,672 

15 

451 

162 

Cars 
63 
42 

1,056 

6 

248 

20 

Cars 
29 
16 

1,357 

10 

350 

14 

Cars 

17 

5 

1,355 

19 

271 

5 

Cars 

14 

3 

1,139 

19 

148 

4 

Cars 

5 

2 

714 

10 

44 

0 

Cars 
0 
0 
373 
9 
11 

0 

Cars 

0 

0 

115 

5 
0 

0 

Car? 
784 
373 

11,604 

388 

Pennsylvania 

Other  North  Atlan- 
tic States 

2,  838 
900 

North  Atlan- 
tic  

156 

421 

1,697 

4,412 

2,703 

1,435 

1,776 

1,672 

1,327 

775 

393 

120 

16,887 

Ohio            - 

11 

480 

9 

27 

84 

12 
206 
185 

44 

52 

85 

1,082 

367 

310 

468 

381 
1,199 
1,331 

340 

593 

147 

144 

476 

57 

80 

44 
42 
66 
20 

19 

35 
29 
42 
23 

15 

40 
27 
34 

28 

13 

48 
24 
31 
29 

12 

26 
19 
12 
22 

5 

12 
13 

6 
10 

2 

2 

235 

1 

4 

8 

843 

3,500 

Michigan .  . 

2,  560 

Missouri 

Other  North  Cen- 
tral States 

914 
1,  351 

North  Central- 

611 

499 

2,312 

3,844 

904 

191 

144 

142 

144 

84 

43 

250 

9,168 

507 
138 
123 
101 

6 

81 
75 
373 
202 

20 

111 

279 

2,418 

976 

77 

224 

704 

5,  040 

2,618 

84 

34 

284 

1,841 

1,065 

42 

6 

61 

801 

255 

13 

9 

23 

1,077 

207 

4 

9 

18 

917 

112 

1 

4 

4 

634 

63 

1 

1 
1 

228 
20 

0 

0 

0 
142 

7 

0 

27 

9 

116 

1 

16 

1,013 

Maryland  

1,596 

13,  710 

West  Virginia ,.  - 

Other  South  Atlan- 
tic States 

5,627 
264 

South  Atlan- 
tic  

875 

751 

3,861 

8,670 

3,266 

1,136 

1,320 

1,057 

706 

250 

149 

169 

22,  210 

10 

7 

137 

8 

148 
33 

143 
34 

13 

8 

5 
4 

8 
2 

5 
4 

8 
6 

4 
2 

1 
1 

7 
35 

489 

Other  South  Central 
States 

144 

South  Central. 

17 

145 

181 

177 

21 

9 

10 

9 

14 

6 

2 

42 

633 

1 
0 

84 

3 

1,165 

0 

0 

0 

221 

32 

813 

61 

812 
114 
3,405 
257 
860 

209 

2,878 

928 

10, 950 

1,711 

802 

714 

976 
418 
5,939 
846 
276 

173 

525 
133 
3,260 
353 
130 

26 

377 

55 

3,204 

265 

156 

12 

241 

49 

3,598 

210 

139 

9 

158 
29 

2,871 
195 
127 

5 

73 

6 

1,860 

104 

102 

2 

14 

0 

1,298 

58 

75 

0 

0 

0 
537 

9 
50 

C 

6,  055 

1,732 

Washington 

Oregon.      ._.     ... 

37,  227 
4,  043 

California 

Other    Western 

4,695 
1,211 

Western 

1,253 

1,127 

5,657 

17,983 

8,628 

4,427 

4,069 

4,246 

3,385 

2.147 

1,445 

596 

54, 963 

United  States. 

2,912 

2,943 

13,  708 

35,  086 

15,  522 

7,198 

7,319 

7,126 

5,576 

3,262 

2,032 

1,177 

103, 861 

1  Cars  of  apples  shipped  from  the  western  region  are  loaded  heavier  than  cars  from  other  regions.  Cars 
from  the  Northwest  contain  approximately  40  percent  more  apples  than  cars  originating  in  the  East.  The 
5-year  average  shipments  in  this  table  are  for  12  months,  July  to  June,  and  are  slightly  different  from  those 
in  table  15  which  cover  only  shipments  of  the  5  crops  1928-32. 


Monthly  shipments  from  some  of  the  leading  apple  States  are 
shown  graphically  in  figure  11.  In  this  illustration  car-lot  shipments 
from  States  near  large  centers  of  population,  as  Michigan,  are  shown  as 
relatively  small  because  a  large  part  of  the  crop  is  trucked. 

An  analysis  of  the  monthly  apple-shipment  data  shows  that  the 
percentage  of  seasonal  movement  which  occurs  each  month  varies 
materially  with  the  region.  Less  than  1  percent  of  the  seasonal  move- 
ment is  of  early  apple  shipments  in  June  and  these  come  mostly  from 
the  South  Central  States ;  by  April  old-crop  shipments  are  less  than 
4  percent  of  the  season  total,  and  in  June  about  1  percent  (table  17). 
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Figure  11.    apples:  car-lot  and  Boat  shipments  from  principal  states, 
by  Months,  average  July  1928-June  1933. 

Apple  shipments  in  October  are  far  greater  than  in  any  other  month.    Car-lot  shipments  from  Washington 
exceed  those  from  any  other  State.    California  is  important  in  the  early-season  movement. 
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Table  17.— Monthly  car-lot  shipments  of  apples  in  relation  to  season's   total,  by 
regions,  average,  1931-32  to  1932-33 


Region 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Total 

North   Atlan- 
tic  _ 

Per- 
cent 

Per- 
cent 
0.7 
7.2 
3.4 
1.3 
3.2 

Per- 
cent 
1.6 
3.3 
1.5 
21.3 
2.0 

Per- 
cent 
11.4 
20.0 
12.4 
33.5 
10.6 

Per- 
cent 
24.0 
44.0 
37.6 
21.5 
27.4 

Per 
cent 
13.7 
13.2 
18.3 
7.0 
12.8 

Per- 
cent 
8.2 
3.2 
5.4 
2.1 
9.1 

Per- 
cent 
11.2 
2.0 

7.6 
1.3 
8.7 

Per- 
cent 
11.0 
1.7 
6.7 
1.9 
8.8 

Per- 
cent 
8.7 
1.5 
4.3 
.9 
7.6 

Per- 
cent 
5.6 
.8 
1.4 
.4 
4.6 

Per- 
cent 
2.9 
.4 
.8 
.1 
3.5 

Per- 
cent 
1.0 

"".~b 

"Y.& 

Per- 
cent 
100 
100 
100 
100 
100 

North  Central- 
South  Atlantic- 
South  Central- 
Western 

2.7 

.1 
8.7 
.1 

United 

States--. 

.4 

3.2 

2.0 

12.2 

30.7 

14.2 

7.5 

8.2 

7.9 

6.4 

3.7 

2.5 

1.  1 

100 

DISTRIBUTION  OF  CAR-LOT  SHIPMENTS  AND  SOURCE  OF  MARKET 

SUPPLIES 

The  question  of  market  outlets  for  the  apple  crop  is  of  great  con- 
cern to  the  grower  and  shipper.  If  the  best  returns  are  to  be  obtained, 
the  shipments  should  be  widely  distributed  so  that  apples  will  be 
available  to  a  large  number  of  consumers  in  small  towns  as  well  as  in 
the  larger  cities. 

Market-news  records  show  unloads  of  apples  in  66  markets  in  the 
United  States  by  States  of  origin.  The  metropolitan  populations  of 
these  markets  total  approximately  50,000,000  or  from  70  to  75  per- 
cent of  the  United  States  urban  population  in  places  of  2,500  or  more, 
and  about  40  percent  of  the  total  United  States  population.  These 
66  markets  unloaded  50,640  cars  of  apples  in  the  calendar  year  1931, 
or  about  52  percent  of  the  car-lot  shipments  of  98,330  cars.  In  1932 
the  unloads  of  44,593  cars  were  53  percent  of  the  shipments.  In  1933 
the  corresponding  figure  was  55  percent.  The  percentage  of  ship- 
ments unloaded  in  these  markets  is  smaller  than  the  percentage  of 
urban  population  represented  by  the  markets  but  this  is  explained, 
partially  at  least,  by  the  fact  that  a  considerable  part  of  the  shipments 
are  exported. 

The  car-lot  unloads  on  a  bushel  basis  by  regions  of  origin  in  each  of 
the  66  markets,  segregated  by  regions  in  which  they  are  located,  are 
shown  in  table  18.  This  table  presents  a  picture  both  of  the  source 
of  the  car-lot  supply  in  the  various  markets,  or  groups  of  markets, 
and  of  the  territory  used  by  each  producing  region  in  marketing  its 
crop.  The  average  unloads  for  1931  and  1932  in  the  66  markets 
totaled  nearly  31,000,000  bushels,  of  which  nearly  12,000,000  bushels 
were  unloaded  in  16  markets  in  the  North  Atlantic  States,  nearly 
11,000,000  bushels  in  23  markets  in  the  North  Central  States,  about 
1,000,000  bushels  in  7  South  Atlantic  markets,  nearly  3,000,000 
bushels  in  13  south-central  markets,  and  about  4,000,000  bushels  in  7 
western  markets.  The  western  region  supplies  almost  two-thirds  of 
the  car-lot  receipts  in  the  66  cities  and  these  western  apples  are  well 
distributed  throughout  the  entire  group.  Western  apples  lead  in 
volume  of  car-lot  receipts  in  each  group  of  markets  and  in  nearly 
every  market.  The  North  Atlantic  States  supply  about  one-sixth  of 
the  total  volume  of  unloads,  whereas  the  north-central  and  South 
Atlantic  regions  supply  roughly  one-tenth  each  of  the  quantity 
unloaded  in  car-lots  in  these  markets  (table  19). 
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Table   18. — Car-lot  and  boat  unloads  of  apples  in  66  markets,  by  regions  originating 
shipments,  average,  calendar  years  1931  and  1982 


Market  and  region 


Albany,  N.  Y 

Boston,  Mass 

Bridgeport,  Conn- 
Buffalo,  N.  Y 

Hartford,  Conn 

Newark,  N.  J 

New  Haven,  Conn. 
New  York,  N.  Y_. 
Philadelphia,  Pa.. 

Pittsburgh,  Pa 

Portland,  Maine. . . 
Providence,  R.  I.. 
Rochester,  N.  Y.„ 
Springfield,  Mass.. 

Syracuse,  N.  Y 

Worcester,  Mass... 


North  Atlantic. 


Akron,  Ohio 

Chicago,  111 

Cincinnati,  Ohio 

Cleveland,  Ohio 

Columbus,  Ohio 

Dayton,  Ohio 

Des  Moines,  Iowa 

Detroit,  Mich 

Duluth,  Minn 

Evansville,  Ind 

Grand  Rapids,  Mich. 

Indianapolis,  lnd 

Kansas  City,  Mo 

Milwaukee,  Wis 

Minneapolis,  Minn... 

Oraaha,  Nebr.. 

Peoria,  111 -. 

St.  Louis,  Mo 

St.  Paul,  Minn.. 

Sioux  City,  Iowa 

Terre  Haute,  Ind 

Toledo,  Ohio 

Youngstown,  Ohio. . . 

North  Central.. 


Atlanta,  Ga 

Baltimore,  Md. 

Jacksonville,  Fla 

Norfolk,  Va 

Richmond,  Va 

Tampa,  Fla 

Washington,  D.  C... 

South  Atlantic. 


Birmingham,  Ala 

Dallas,  Tex 

El  Paso,  Tex 

Fort  Worth,  Tex 

Houston,  Tex 

Lexington,  Ky 

Louisville,  Ky 

Memphis,  Tenn 

Nashville,  Tenn 

New  Orleans,  La 

Oklahoma  City,  Okla 

San  Antonio,  Tex 

Shreveport,  La 

South  Central- - 

Denver,  Colo 

Los  Angeles,  Calif 

Portland,  Oreg 

Salt  Lake  City,  Utah. 
San  Francisco,  Calif. . 

Seattle,  Wash 

Spokane,  Wash 

Western 


North 
Atlantic 


Bush  e  Is 

8,662 

363,  562 

24,  675 

13,388 

33,600 

246,  750 

30,450 

,  904, 962 

295,050 

437,588 

16,538 

75,338 

2,100 

38,062 

8,138 

22,312 


3.  521, 175 


26,  250 

341,512 

208,688 

179,  812 

29,662 

51,975 

262 

189,  525 

525 

11,812 

1,312 

98,  438 


101,  062 

20,475 

262 

1,050 

19,950 

7,088 


6.300 

25,  462 

7,612 


1,329,034 


14, 175 
17.850 
7,875 
2,100 
3,938 
17,  325 
14, 175 


North 
Central 


Bushels 

788 

23,362 


3.412 
1,575 

18,900 
1,575 

56,175 


2,888 

2,100 

525 

262 


951, 038 
88,  625 
46,  725 
35,438 
30,450 
55,650 

175,  612 
51,712 
6,300 
15,750 
31,500 
99,225 

411,075 
99,225 
33,  075 
64,838 
34,650 
53,025 
45,  675 
8,138 
48,  038 
1,312 


South 
Atlantic 


Bushels 

8,662 

292,688 

32,812 

22,312 

25,200 

334,  425 

18,  375 

998,550 

283,500 

152,  250 

14, 175 

28,875 

8,138 

25,  725 

4,988 

4,200 


2,  2.54, 875 


8,138 
35,438 
67,725 
31,  762 
16,012 
15,  225 


83,212 

262 

1,838 


2,  385,  864 


1,050 


262 


77, 438 


3,938 


37,  012 

55, 125 

5,250 

19, 950 


Tss 


122,  063 


United  States 5,049,710  2,617,126  3,289.388 


5,250 
525 


1,050 
2,100 


525 

1,  312 

6,038 

23,100 

14,700 

12,075 

32, 025 

8,400 

1,050 


32, 812 

262 

22,838 

3,412 


1,050 
1,312 
1,838 


South 
Central 


Bushels 
"""262 


1,050 
"525 


2,625 


8,925 

5,512 

1,575 

525 


3,675 
1,312 
13, 125 


Western 


Bushels 

26,838 

443,  394 

16,  632 

61,236 

29,  862 

154,836 

33,642 

3,771,606 

861,  270 

466, 782 

19,278 

44,454 

6, 048 

22,  G80 

16,  254 

1,134 


5, 975,  946 


788 
1,838 
1,050 


326,812 


101,  588 
20,738 
55,  388 

121,  275 
87, 675 
39, 638 
23,888 


450.  191) 


86,100 


34, 125 
35, 175 
30, 975 
63,262 
7,612 
262 


788 

788 

3,150 


7SS 


525 


1,050 


2,363 


3,412 
3,150 


102,  375 


2,362 


257,511 


2,625 
2,100 
2,888 
2.100 
4,988 
7,088 
10,238 
2,362 
2,888 
525 


33,  216 

,  132,  754 

264,150 

350.  544 

97,  524 

35,  670 

73, 146 

724,  638 

229,200 

15,  636 

33,  546 

138,000 

503,436 

345,  720 

404,148 

271,  692 

34,266 

433,  368 

218,  706 

117,  792 

7,842 

57, 972 

49,  518 


Canadian 
and  un- 
known 


Bushels 


11,025 
788 


3,906 
~48,"666 
"""262 


525 

"aea 


64,  774 


Total 
unloads 


Bushels 

44,950 

1, 134,  293 

74,907 

104,812 

89,  450 

743,  329 

84.042 

6,  742,  024 

1,  441,  395 

1, 114, 107 

49,991 

151,  555 

19.  436 

86.992 

29,904 

27,  646 


11.! 


833 


4,914 


3,024 


756 


3,350 


6.  572,  484 


124,  548 
176, 148 
81, 930 

18,  474 

19,  278 
97,050 

171,990 


689,  418 


117,318 
349,464 

49,  986 
210,  684 
291, 192 

25, 932 

72.234 
158,  580 

92,  034 
214,  632 
223,488 
233,  862 
100,920 


44,  364 


1,312 


1,312 


103.953  19,648, 


2. 140,  326 


427,  014 

2,  671,  986 

201, 852 

26,  622 
504,570 
404,  838 

33,  642 


262 


12,  306 


262 


262 


525 


262 


2,100 


68,  392 

3,  474,  581 

632,700 

610,418 

179, 161 

133,  320 

129,  058 

1, 179,  686 

283,011 

48,711 

50,608 

304,  394 
605,811 
883,  057 
535,  598 

305,  817 
101,204 
490,068 
281,707 
166,  617 

23,068 
133,310 
59,  492 


10.  679.  789 


242,  149 
214,  736 
145,  718 
142,  111 
110,891 
160,  313 
210,  840 


1,  226,  7.58 


3,265 


378 
378 


1,512 


4,  270.  524 


2,268 


212,  343 
354,  714 

49,  986 

213,  834 
294,604 
106,  257 
187,  734 

214,  493 
196,509 
264,507 
234,  890 
237,800 
102,  233 


904 


431,066 
672,  364 
201,  852 

26,  622 
506,082 
404,  838 

33.  642 


4.  276,  466 


82,875  30,791,750 
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Table  19. — Pro-portion  of  car-lot  and  boat  supply  of  apples  in  various  groups  of 
markets  by  originating  regions,  average,  calendar  years  1931  and  1932 


Markets 

North 

Atlantic 

North 
Central 

South 
Atlantic 

South 
Central 

Western 

Canadian 
and  un- 
known 

Total 

Percent 
29.5 
12.5 
6.3 
4.6 

Percent 

1.0 

22.3 

.6 

3.8 

.1 

Percent 
18.9 
3.1 
36.7 
9.6 

Percent 

Percent 
50.1 
61.5 
56.2 
80.2 
99.8 

Percent 

0.5 

.1 

Percent 
100 

23  in  north-central  region 

7  in  south  Atlantic  region  .... 

0.5 
.2 

1.7 

100 
100 

13  in  south-central  region 

.1 
.1 

100 
100 

16.4 

8.5 

10.7 

.3 

63.8 

.3 

100 

In  the  North  Atlantic  group  of  markets  almost  6,000,000  bushels,  or 
approximately  half  the  volume  of  supply,  comes  from  the  Western 
States,  compared  with  about  3,500,000  bushels,  or  30  percent,  from  the 
States  in  which  this  group  of  markets  is  located.  The  region  of  the 
South  Atlantic  States,  including  most  of  the  Cumberland-Shenandoah 
area,  is  also  an  important  source  of  car-lot  supply  in  the  North  Atlantic 
markets. 

The  north-central  markets  draw  about  62  percent  of  their  car-lot 
supply  from  the  Western  States,  about  22  percent  from  nearby  pro- 
ducing districts  in  the  North  Central  States,  and  about  12  percent 
from  the  North  Atlantic  States.  Car-lot  shipments  from  the  South 
Atlantic  States  are  of  minor  importance  in  the  markets  of  the  North 
Central  States,  totaling  only  about  3  percent  (table  19). 

Even  in  the  South  Atlantic  States  western  boxed  apples  are  popular; 
they  comprised  56  percent  of  the  car-lot  supply  for  the  two  calendar 
years  1931  and  1932.  Car-lot  shipments  from  local  sources  in  these 
States  made  up  only  37  percent.  In  the  13  south-central  cities  in- 
cluded in  tables  18  and  19  four-fifths  of  the  volume  of  car-lot  receipts 
came  from  the  West. 


SOURCE  OF  CAR-LOT  UNLOADS  OF  APPLES  IN  CERTAIN 
GROUPS  OF  MARKETS.  AVERAGE. 1931*32 


##®B$F 


UNLOADS  FROM 
►  Western  region  &>  North  Atlantic  region 

O  North  Centra/  region   G>  South  A  t Ion  tic  region 
£>  South  Central  region    ^>  Unknown  and  foreign 

W    N 


Figure  12. — About  half  the  car-lot  apple  supply  in  the  important  markets  of  the  North  Atlantic  States  is 
from  the  western  region.  The  western  region  is  also  by  far  the  most  important  source  of  car-lot  supply 
in  markets  in  other  regions. 
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Although  western  apples  are  in  large  supply  in  eastern  cities,  prac- 
tically no  apples  from  outside  the  western  region  are  received  in  the 
seven  cities  located  in  the  Western  States  and  included  in  tables  18 
and  19. 

A  few  apples,  amounting  to  0.3  percent,  are  received  in  the  United 
States  from  Canadian  and  unrecorded  domestic  sources. 

An  analysis  of  the  car-lot  supplv  of  specific  cities  shown  in  table  18 
indicates  some  variation  in  source  of  receipts  and  in  per  capita 
unloads.  Some  of  these  differences  are  accounted  for  by  the  fact  that 
smaller  cities  located  within  trucking  distance  of  large  car-lot  markets 
receive  some  of  their  supplies  by  truck  from  the  large  markets.  Truck 
receipts  from  producing  areas  also  influence  the  source  and  volume  of 
car-lot  receipts.  Motor-truck  shipments  and  receipts  are  discussed 
in  the  next  section. 

The  source  of  the  car-lot  apple  supply  in  66  markets  grouped  accord- 
ing to  their  geographic  locations  is  show^n  graphically  in  figure  12. 
This  figure  also  indicates  the  area  in  which  apples  from  each  region 
are  marketed.  Western  apples  move  eastward  to  market  in  large 
quantities  but  there  is  only  a  limited  movement  westward  to  markets. 
An  analysis  of  records  of  the  Bureau  of  Agricultural  Economics  of 
car-lot  apple  unloads  in  New  York  City  in  1930  showed  that  the 
average  distance  these  apples  were  shipped  was  slightly  over  1,300 
miles. 

MOTOR-TRUCK  SHIPMENTS  AND  RECEIPTS 

The  motor  truck  has  become  increasingly  important  during  recent 
years  in  hauling  apples  and  other  commodities  to  market.  Records 
of  truck  movement  comparable  to  the  records  of  rail  and  boat  move- 
ment are  not  available.  A  study  made  by  the  Bureau  of  Agricultural 
Economics  in  1 928-29  covering  1 2  States  or  parts  of  States  from  Massa- 
chusetts south  to  Virginia  and  west  to  Illinois  indicated  that  24  percent 
of  the  apples  moved  to  market  by  rail,  boat,  and  truck  were  hauled 
by  truck.  For  the  entire  country  less  than  24  percent  was  moved  by 
truck  at  that  time.  Since  then  the  truck  movement  has  increased 
greatly.  According  to  table  15,  68  percent  of  the  average  commercial 
apple  "production  for  1928-29  to  1932-33  was  moved  to  market  by 
rail  and  boat.  This  would  leave  32  percent  of  the  commercial  crop 
to  be  moved  by  other  means,  mostly  by  truck.  Some  low-grade 
apples,  not  considered  in  the  commercial  crop,  are  marketed  chiefly 
by  truck,  and  some  of  the  commercial  crop  may  not  be  marketed  in 
some  years. 

About  60  percent  of  the  1931  commercial  crop  and  59  percent  of  the 
1932  commercial  crop  was  shipped  by  rail  and  boat.  This  would 
indicate  that  in  these  two  seasons  not  more  than  about  40  percent 
could  have  been  hauled  by  truck.  A  comparison  of  truck  and  rail 
unloads  of  apples  in  8  cities  for  which  records  are  available  in  1931 
and  1932  calendar  years  indicates  that  about  23  percent  came  by 
truck  (table  20).  Four  of  the  cities  listed  in  table  20  are  in  the 
western  region,  3  in  the  North  Atlantic  region,  and  1  in  the  north- 
central  region.  The  populous  Great  Lake  area,  where  truck  move- 
ment of  apples  is  heavy,  is  not  well  represented.  Furthermore,  records 
of  truck  receipts  are  known  to  be  somewhat  incomplete  in  most  of 
the  cities  listed.  Everything  considered,  a  reasonable  estimate  is 
that  of  the  apples  marketed  30  to  40  percent  are  hauled  to  the  con- 
suming market  by  truck. 
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Table  20. — Car-lot  and  reported  truck  unloads   of  apples  in  certain  markets  by 
regional  sources  of  shipments,  averages,  calendar  years  1931  and  1932  l 


Car-lot  unloads  from— 

Truck  unloads  reported  from— 

Total 

Market 

North 

At- 
lantic 

North 
Cen- 
tral 

South 

At- 
lantic 

South 
Cen- 
tral 

West- 
ern 

Cana- 
dian 
and 
un- 
known 

North 

At- 
lantic 

North 
Cen- 
tral 

SouthlSouth 
At-     Cen- 
lantic    tral 

West- 
ern 

car-lot 

and 
truck 

un- 
loads 

Boston ... 

1,000 
bush- 
els 
364 

1,000 
bush- 
els 
23 
2 
99 

1,000 
bush- 
els 
293 

1,000 
bush- 
els 
..... 

3 

1,000 
bush- 
els 
443 
427 
503 
2,672 
3,772 
861 
27 
505 

1,000 
bush- 
els 
11 
1 

1,000 
bush- 
els 
821 

1,000 
bush- 
els 

1,000 
bush- 
els 
1 

1,000 
bush- 
els 

1,000 
bush- 
els 

1,000 
bush- 
els 
1  956 

Denver.   ..      

27 

458 

Kansas  City...  .. 

18 

623 

Los  Angeles 

262 

2,934 

8,149 

2,472 

118 

New  York . 

1,905 
295 

19 
2 

998 
283 

48 

1,293 

891 

114 
140 

Philadelphia.-.  .  . 

Salt  Lake  City 

91 
296 

San  Francisco.  .  ,. 

2 

803 

Total 

2,564 

145 

1,574 

4 

9,210 

62 

3,005 

18 

255 

676 

17  5  J  3 

Includes  receipts  by  boat. 


Small  numbers  indicate  regions  unloading  quantities 
too  small,  to  show  on  this  graph 

I I I 


North  Atlantic 


3  4  5 

MILLIONS  OF  BUSHELS 

REGIONAL  SOURCE 
North  Central     £]]  South  Atlantic     (xT)  South  Central 


figure  13.— apples:  car-lot  (including  boat  receipts)  and  truck  unloads 
at  Eight  Markets,  average  1931-1932. 
The  ratio  of  truck  receipts  to  total  supply  of  apples  was  highest  in  Boston  and  Philadelphia.    Most  of  the 
truck  receipts  were  from  districts  within  a  few  hundred  miles  of  the  market. 

When  the  volume  marketed  by  truck  is  considered  by  States  or 
regions,  great  differences  are  observed.  A  large  part  (92  percent)  of 
the  western  crop  was  shipped  by  rail  and  boat  from  1928-29  to  1932-33 
(table  15).  A  relatively  small  proportion  is  therefore  marketed  by 
truck.  The  situation  is  reversed  in  some  of  the  Eastern  States,  such 
as  New  Jersey,  Massachusetts,  Ohio,  and  Michigan,  where  a  very 
large  part  of  the  shipments  are  by  truck. 

An  analysis  of  car-lot  and  truck  receipts  by  regions  of  origin  in 
eight  cities — Boston,  Denver,  Kansas  City,  Los  Angeles,  New  York, 
Philadelphia,  Salt  Lake  City,  and  San  Francisco — shows  wide  differ- 
ences in  ratio  of  truck  receipts  to  rail  receipts,  and  also  in  origin  of 
truck  receipts  (table  20  and  fig.  13).     A  large  part  of  the  truck  re- 
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ceipts  are  from  producing  districts  within  200  miles  of  the  market. 
The  North  Atlantic  States  are  the  chief  source  of  truck  receipts  in  the 
great  eastern  markets.  Among  the  eight  cities  the  ratio  of  truck  to 
car-lot  receipts  is  greatest  in  Boston  and  Philadelphia.  New  York 
City  has  the  largest  total  volume  of  truck  receipts. 

A  detailed  comparison  of  truck  and  rail  supply  of  apples  in  four 
markets — Boston,  New  York,  Philadelphia,  and  Los  Angeles — by 
volume  and  State  of  origin  for  1931  and  1932  is  shown  in  table  21. 
The  percentage  received  by  truck  was  lowest  in  Los  Angeles  and 
highest  in  Boston.  In  1932  the  proportion  received  by  truck  in- 
creased somewhat  in  all  of  the  four  cities  except  Boston.  This  table 
shows  clearly  that  a  very  large  part  of  the  truck  movement  to  market 
is  from  points  not  more  than  150  miles  distant.  In  1931  in  Philadel- 
phia, 957,000  bushels  out  of  a  total  of  973,000  bushels,  or  98  percent 
of  the  truck  receipts,  came  from  the  nearby  districts  in  New  Jersey, 
Pennsylvania,  and  Delaware  (table  21). 

In  both  1931  and  1932,  apples  were  trucked  to  New  York  from  11 
States  (table  22).  Atlanta  received  the  equivalent  of  21  cars  from 
Virginia  by  truck  in  1932  compared  with  188  car  lots  trucked  in  from 
Georgia  points.  Los  Angeles  received  a  few  truck  shipments  from 
as  far  away  as  Washington. 
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Table  22. — Reported  truck1  receipts  of  apples  at  certain  markets  by  State  or  district 
of  origin,  calendar  years  1981  and  1932 


Market  and  origin  of  shipment 

1931 

1932 

Market  and  origin  of  shipment 

1931 

1932 

Atlanta: 

Georgia .  .  ... 

Car  lots 
(2) 

Car  lots 
188 
21 

New  York— Continued 

Car  lots 

Car  lots 
1 

Virginia. 

605 
1,402 

2,011 
1 

Total 

209 

26 

8 
1 
1 

24 
12 
2 

Boston: 

Nearby 

1,568 
1 

1,551 
2 

7 
1 

Vermont 

Delaware.- 

West  Virginia  . . 

Total 

2,300 

3,059 

Philadelphia: 

Delaware.     .. .. 

Total . 

1,569 
17 
59 

1,561 
65 
19 

173 

16 

1,319 

331 

12 

2 

Denver: 

286 

42 

Kansas  City,  Mo.: 

New  Jersey..  . 

1,309 
437 

Kansas  and  Missouri 

Pennsylvania.    .  . 

1 

Los  Angeles: 

265 

399 

1 

West  Virginia .. 

Total 

1,853 

(2) 

2,075 

1 

St.  Louis: 

Illinois  and  M  issour i 

Salt  Lake  City: 

1 
16 
13 

515 

Utah 

Washington 

38 
86 

49 
103 

Total 

266 

430 

Utah 

Total 

New  York: 

44 
152 

45 
15 

1 

111 

205 

29 

123 

124 
373 

152 

San  Francisco: 

411 

Total 

6,561 

8,496 

Maine    -- 

1  Expressed  in  equivalent  car  lots. 

2  Information  not  available  for  1931. 


METHODS  AND  CHANNELS  OF  CITY-MARKET  DISTRIBUTION 

In  the  largest  cities  there  are  dealers  who  buy  basket  and  barrel 
stock  in  car  lots  and  sell  chiefly  to  jobbers,  usually  in  lots  of  10  to 
50  packages.  Boxed  apples  are  handled  in  the  same  manner  except 
in  certain  large  cities  where  many  of  them  are  sold  at  auction.  Car- 
lot  buyers  in  the  smaller  markets  and  most  car-lot  buyers  in  the 
larger  ones  sell  to  jobbers,  retailers,  hotels,  or  other  customers  in  lots 
of  a  few  or  even  one  package.  The  jobbers  buy  from  car-lot  receivers, 
obtaining  the  varieties,  grades,  and  sizes  required  by  their  customers, 
who  may  be  managers  of  hotels  or  restaurants,  retailers,  street 
peddlers,  or  others. 

Motor-truck  receipts,  mostly  basket  stock,  is  bought  by  jobbers  or 
handled  by  them  on  commission.  Some  truck  receipts,  of  course,  go 
to  chain  stores  and  some  are  peddled  direct  to  retailers  and  even  to 
consumers  in  the  cities. 

Many  car-lot  sales  are  made  through  city  brokers  who  act  as  agents 
in  finding  a  buyer  for  a  shipment.  The  charge  for  a  broker's  service 
in  selling  apples  has  varied  during  recent  years  according  to  location 
and  other  conditions,  but  common  charges  are  from  $20  to  $30  per 
car.  Brokers  frequently  have  customers  in  the  smaller  towns  in  the 
territory  surrounding  the  city  in  which  they  are  located. 

Many  carloads  of  apples  are  bought  outright  by  dealers  in  the 
markets  on  an  f.  o.  b.  or  delivered  basis.  Large  quantities  are  re- 
ceived on  consignment,  particularly  in  years  of  heavy  production. 
Commission  charges  of  7  to  10  percent  are  common. 


MARKETING   APPLES  51 

Some  dealers  who  have  advanced  funds  to  growers  for  production 
or  harvesting  expenses  handle  the  apples  on  a  joint-account  or  com- 
mission basis. 

Chain  stores  are  large  users  of  apples.  They  buy  either  in  car  lots 
at  shipping  point,  delivered,  or  in  less-than-carload  lots  through  the 
wholesale  or  jobbing  trade,  or  through  the  auction. 

The  auction  is  a  means  of  selling  immense  quantities  of  western 
boxed  apples  in  the  principal  markets.  These  auctions  are  located 
in  13  large  cities.  Because  of  the  well-standardized  pack,  boxed 
apples  are  better  adapted  to  auction  selling  than  is  most  of  the  basket 
and  barrel  stock. 

It  is  the  practice  for  a  shipper  who  wishes  to  sell  through  the  auc- 
tion to  employ  an  agent  in  the  city,  known  as  a  receiver,  to  represent 
him  at  the  auction  sale.  The  receiver  protects  the  shipper's  interests 
and  may  withdraw  the  shipment  from  sale  if  the  price  is  not  satis- 
factory. The  rate  of  charges  by  receivers  varies,  but  in  some  instances 
5  percent  of  the  sale  price  is  charged,  out  of  which  the  receiver  pays 
the  auction  company  a  commission,  in  some  cases  2  percent. 

There  may  also  be  charges  for  handling  and  cartage. 

The  auction  company  displays  the  shipment,  opening  boxes  in 
various  lots  or  lines  of  20  to  50  packages  and  issues  a  catalog  showing 
the  number  of  packages  in  each  line,  the  brand,  variety,  grade,  and 
size  of  fruit.  The  auction  sale  is  held  in  a  large  room  where  the  fruit 
is  sold  to  jobbers,  buying  brokers,  chain-store  representatives,  large 
independent  retailers,  fruit-stand  men,  and  truckers.  The  auction 
company  collects  from  the  buyers  and  remits  to  the  receiver,  who 
makes  the  returns  to  the  shipper.  In  1930  approximately  95  per- 
cent of  the  western  boxed  apples  unloaded  in  New  York  City  were 
sold  through  auctions,  while  at  Chicago  the  corresponding  figure  was 
roughly  40  percent.  Apples  are  retailed  through  chain  stores,  inde- 
pendent grocery  stores,  fruit  stands,  public  markets,  and  peddlers. 

DISTRIBUTION  OF  APPLES  FROM  CITY  MARKETS  BY  TRUCK 

With  the  development  of  good  roads  and  the  large  number  of  trucks 
in  use  during  the  last  decade,  apples  as  well  as  other  fruits  and  vege- 
tables have  been  distributed  by  truck  throughout  extensive  areas 
near  the  large  city  markets.  Western  boxed  apples  in  particular  have 
been  distributed  by  truck  from  the  large  markets  to  smaller  places 
within  a  radius  of  100  miles  or  more.  Many  dealers  in  the  smaller 
cities  send  their  own  trucks  to  the  large  cities  regularly  to  obtain 
supplies.  Chain  stores  move  large  quantities  by  truck  throughout  the 
territory  in  which  they  operate.  Truck  peddlers  often  serving  retailers 
and  consumers  on  a  definite  route  are  a  means  of  distribution  of  apples 
from  the  large  markets.  Thus  the  motor  truck  is  an  agency  not  only 
for  bringing  fruit  from  the  orchard  to  the  city  market  but  also  for 
distributing  it  from  the  central  market  throughout  the  surrounding 
trade  territory. 

MARKET  COMPETITION  AMONG  VARIETIES  AND  COMPETITION  OF 
APPLES  WITH  OTHER  FRUITS 

Competition  among  varieties  on  any  market  is  influenced  by  the 
marketing  season  of  each  variety,  the  varieties  produced  in  nearby 
areas  of  production,  the  use  to  which  the  varieties  are  adapted,  and 
the  varieties  to  which  the  population  are  accustomed. 
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An  estimate  of  the  relative  quantities  of  different  varieties  of 
apples  in  the  supply  in  41  markets  was  obtained  in  a  survey  by  the 
Bureau  of  Agricultural  Economics  in  1926-27  (table  23).  This  infor- 
mation for  groups  of  cities  in  various  regions  is  also  included  in  table 
23,  and  detailed  information  for  each  of  the  markets  is  shown  in 
Circular  91  (8).  There  have  undoubtedly  been  some  changes  in  the 
varieties  used  since  the  survey  was  made,  and  changes  occur  from 
year  to  year  owing  to  conditions  of  production.  Such  varieties  as 
Delicious  and  Mcintosh  probably  compose  a  larger  part  of  the  supply 
than  when  the  survey  was  made.  On  the  whole,  however,  the  data 
in  table  23  probably  give  a  fair  picture  of  the  quantities  of  different 
varieties  used  in  the  specified  groups  of  cities. 

Table  23. — Quantity  of  apples  (including  both  car-lot  unloads  and  local  receipts) 
in  the  supply  of  various  groups  of  cities,  by  varieties,  July  1 ,  1,926- June  30.  1927 


Variety 

6  eastern 
cities 

11  mid  western 
cities 

5  mountain 

and  western 

cities 

19  southern 
cities 

Total, 
41  cities 

Winesap 

Jonathan 

Baldwin...     _      ..... 

1,000 

bushels 

1, 924.  4 

1, 006.  8 

2, 170.  4 

1, 089.  8 

587.0 

905.  4 

1,  089.  7 

917.8 

1,431.6 

624.9 

252.  8 

676.5 

464.5 

365.3 

137.8 

229.4 

Per- 
cent 
11.7 
6.1 
13.2 
6.6 
3.6 
5.5 
6.6 
5.6 
8.7 
3.8 
1.5 
4.1 
2.8 
2.2 
.8 
1.4 

1,000 

bushels 

1, 608.  2 

2,  824.  5 

1,  292.  4 

987.4 

1,281.4 

142.1 

210.6 

802.7 

57.4 

191.4 

680.4 

87.8 

182.7 

363.2 

369.4 

353.5 

Per- 
cent 
12.3 
21.6 
9.9 
7.5 
9.8 
1.1 
1.6 
6.1 
.4 
1.5 
5.2 
.7 
1.4 
2.8 
2.8 
2.7 

1,000 

bushels 

459.1 

623.7 

12.7 

546.2 

221.2 

1, 131.  8 

68.9 

8.4 

1.4 

213.4 

18.3 

Per- 
cent 
10.3 
14.0 
.3 
12.2 
5.0 
25.3 
1.5 
.2 
0) 
4.8 
.4 

1,000 

bushels 

1, 032.  8 

261.4 

65.4 

166.2 

417.8 

52.7 

439.0 

7.2 

"~137."9" 
129.6 
291.6 
49.2 
58.4 
215.8 
11.0 

Per- 
cent 
25.6 
6.5 
1.6 
4.1 
10.4 
1.3 
10.9 
.2 

""3.4 
3.2 

7.2 
1.2 
1.4 
5.4 
.3 

1,000 
bushels 
5, 024.  5 
4,  716.  4  • 
3,  540.  9 
2,  789.  6 
2.  507.  4 
2,  232.  0 
1,808.2 
1,  736. 1 
1,490.4 
1,  167.  6 
1,081.1 

1,  055.  9 
845.1 
812.8 
733.8 
606.5 
548.3 
431.7 
386.9 
311.6 

257.6 
179.0 
167.7 
161.8 
119.3 
116.6 
108.6 
83.1 
77.5 
74.9 
68.7 
64.6 
63.7 
42.3 
40.7 
36.7 
35.7 
34.2 
34.0 
25.7 
20.5 
20.2 
2.4 

2,  372.  0 

Per- 
cent 
13.2 
12.4 
9.3 

Rome  Beauty 

7.3 
6  6 

Yellow  Newtown. .. 

5.9 

Stayman  Winesap  ...  .. 

4.8 

Rhode  Island  Greening 

Mcintosh 

Esopus  Spitzenburg 

Ben  Davis 

York  Imperial .  .  . 

4.6 
3.9 
3.1 
2.8 
2.8 

Gravenstein 

148.7 
25.9 
10.8 
12.6 

548.3 
26.3 

3.3 
.6 
.2 
.3 
12.3 
.6 

2.2 

Yellow  Transparent 

Grimes  Golden. ..     . 

2.1 
1.9 

Oldenburg  (Duchess) 

Yellow  Bellflower..   . 

1.6 
1.4 

Wealthy 

247.9 
243.1 
203.6 

103.8 

126.5 

110.2 

161.8 

5.3 

4.9 

69.5 

23.4 

59.1 

13.0 

36.3 

39.8 

26.6 

1.5 
1.5 
1.2 

.6 
.8 
.7 
1.0 

0) 

(!) 

.4 
.1 
.4 
.1 
.2 
.2 
.2 

157.5 
143.8 
52.4 

46.8 
52.5 
57.5 

1.2 
1.1 
.4 

.4 
.4 
.4 

1.1 

Northern  Spy.  ...  .. 

1.0 

Winter  Banana..      .      

27.7 

.6 

27.9 
107.0 

.7 
2.7 

.8 

Arkansas  (Mammoth  Black 
Twig)         ...  w 

.7 

Twenty  Ounce 

.5 

.4 

Starr 

.4 

50.7 
111.7 

6.1 
22.2 
18.4 

9.1 
32.4 
24.8 
32.8 

.4 
.9 
0) 
.2 
.1 
.1 
.2 
.2 
.3 

63.3 

1.4 

.3 

.3 

Ortley 

33.0 

.7 

.3 

37.5 

.9 

.2 

.2 

Arkansas  Black 

13.4 

.3 

39.4 

1.0 

.2 
.2 

Stark 

.2 

Wolf  River  .. 

4.3 
42.3 

.1 
1.0 

.2 

Yates 

40.7 

1.0 

36.7 
18.3 
34.2 
14.6 
20.0 

.2 
.1 
.2 
.  1 
.1 

17.4 

.4 

19.4 

.1 

r 

5.7 
20.5 

.i 

.5 

10.2 

.1 

10.0 

2.4 

809.0 

.1 
0) 
6.1 

(0 

Unclassified 

956.3 

6.1 

161.8 

3.6 

444.9 

11.0 

6.2 

Total.  . 

16, 439.  2 

100.0 

13.(194.6 

100.0 

4,  467. 1 

100.0 

4,033.4 

100.0 

38, 034.  3 

100.0 

1  Less  than  0.05  percent. 


For  the  country  as  a  whole  the  Winesap  led  in  quantity  with  13.2 
percent  of  the  total  volume,  and  was  followed  by  the  Jonathan, 
Baldwin,  Rome  Beauty,  and  Delicious  in  order.     The  varietal  prefer- 
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ence  in  the  different  groups  of  cities  varied  greatly.  The  Baldwin 
was  the  leading  variety  in  the  6  eastern  cities  followed  closely  by  the 
Winesap.  la  the  11  mid-western  cities  the  Jonathan  was  by  far  the 
leader,  representing  22  percent  of  the  total.  In  the  5  mountain  and 
western  cities  the  Yellow  Newtown,  Jonathan,  Rome  Beauty,  and 
Yellow  Bellflower  were  leaders.  About  one-fourth  of  the  apples  used 
in  the  19  southern  markets  were  of  the  Winesap  variety.  Delicious 
and  Stayman  Winesap  were  also  popular  in  the  South.  Most  of  the 
Mcintosh  variety  was  used  in  the  eastern  markets.  The  York 
Imperial  is  marketed  chiefly  in  the  South  and  East  and  in  foreign 
markets.  Certain  varieties  have  strictly  local  marketing  and  produc- 
tion districts.  For  example,  the  Starr  is  grown  mostly  in  New  Jersey 
and  is  used  in  nearby  markets.  The  Yates  is  grown  and  used  in 
the  South. 

Combined  production  of  eight  important  fruits  in  the  United 
States  (apples,  pears,  peaches,  grapes,  oranges,  grapefruit,  cherries, 
plums,  and  prunes)  and  imports  of  bananas  during  the  period  1924-33 
varied  between  21  billion  and  28  billion  pounds  annually  or  roughly 
from  175  to  240  pounds  per  capita  (table  24).  Since  some  of  the 
crop  of  these  fruits  is  wasted  and  some  is  exported  the  per-capita 
consumption  of  these  fruits  is  apparently  less  than  one-half  pound 
per  day. 

Table  24. — Production  of  apples  and  certain  competitive  fruits  in  the  United  States 
and  imports  of  bananas,  1920-33  l 

[In  millions— i.  e.  000  000  omitted] 


Year 


Plums 
and 

prunes 
(used 
fresh) 

Dried 

Net 

Apples 

Pears 

Peaches 

Grapes 

Oranges 

Grape- 
fruit 

Cher- 
ries 

prunes 
(fresh 

imports 
of  ba- 

basis) 

nanas 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pound? 

9,951 

840 

2,190 

(2) 

2,416 

460 

(2) 

(2) 

584 

1,949 

4,583 

565 

1,565 

(2) 

1.728 

493 

(2) 

(2) 

600 

2,197 

9,109 

1,035 

2,681 

3,962 

2,442 

578 

(2) 

(2) 

660 

2,121 

8,686 

892 

2,178 

4,455 

2,852 

662 

(2) 

(2) 

780 

2,130 

7,682 

943 

2,585 

3,555 

2,274 

662 

158 

131 

986 

2,399 

7,284 

1,036 

2,235 

4,404 

2,617 

649 

140 

168 

947 

2,788 

10,  898 

1,262 

3,354 

4,877 

3,005 

689 

204 

239 

1,142 

2,702 

5,550 

919 

2,182 

5,210 

2,487 

670 

116 

212 

1,467 

3,032 

8,483 

1,211 

3,282 

5,342 

4,099 

928 

181 

265 

1,358 

3,032 

6,399 

1,057 

2,159 

4,155 

2,447 

782 

183 

234 

968 

3,256 

7,362 

1,282 

2,602 

4,882 

4,145 

1,325 

229 

296 

1,821 

2,851 

9,719 

1,167 

3,676 

3,244 

3,762 

1,076 

224 

234 

1,469 

2,562 

6,757 

1,102 

2,037 

4.408 

3,820 

1,083 

254 

303 

1,170 

2,256 

3  6,  904 

3  1, 060 

3  2, 176 

3  3,  617 

3  3,  616 

3  888 

225 

224 

1,180 

3  2, 155 

Total 


1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 


Pounds 


21, 375 
22,  268 
28,  372 
21,845 
28, 181 
21,  640 
26,  795 
27, 133 
23,190 
3  22,  045 


i  Factors  used  in  converting  products  shown  in  this  table  to  pounds  were:  Apples  and  peaches,  48  pounds 
per  bushel;  pears,  50  pounds  per  bushel;  oranges,  75  pounds  per  box,  and  grapefruit,  70  pounds  per  box,  for 
the  United  States  total  production;  dried  prunes,  3  pounds  fresh  considered  equivalent  to  1  pound  dried  as 
a  United  States  average;  bananas,  50  pounds  per  bunch.  Banana  imports  are  for  12  months  beginning  July  1 
of  year  indicated. 

2  Estimates  not  available. 

3  Preliminary. 

Annual  apple  production  from  1920  to  1933  varied  from  4%  billion 
pounds  in  1921  to  nearly  11  billion  pounds  in  1926.  Apple  production 
has  averaged  almost  one-third  of  the  production  volume  of  the  eight 
fruits  and  imports  of  bananas  shown  in  table  24. 

During  the  14  years  beginning  in  1920  there  has  been  a  definitely 
upward  trend  in  production  of  some  of  the  fruits  competing  with 
apples,  as  pears,  citrus  fruits,  prunes  for  drying,  and  imports  of 
bananas.  The  outlook  is  for  increasing  market  supplies  of  some  of  the 
competing  fruits,  particularly  citrus. 
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DESCRIPTION  OF  CITY  APPLE  MARKETS 

BOSTON 

Usually  one-third  to  one-half  of  the  quantity  of  apples  received  in 
Boston  come  by  truck  mostly  from  eastern  Massachusetts  and 
southern  New  Hampshire.  However,  in  years  of  heavy  local  produc- 
tion, trucked-in  receipts  comprise  a  larger  proportion  of  the  supply. 
Of  the  car-lot  receipts,  35  to  50  percent  of  the  quantity  is  usually 
from  the  Western  States,  chiefly  Washington. 

Of  the  local  supply,  Gravenstein  is  the  important  late  summer 
variety.  During  the  fall,  Mcintosh  is  by  far  the  leading  variety,  and 
during  the  winter,  Baldwin  is  most  important.  Various  varieties  are 
received  from  the  Northwest.  Boston  is  known  as  a  red-apple 
market.  Yellow  or  green  apples  are  not  so  popular  as  the  highly 
colored  varieties. 

The  1931  and  1932  Boston  supply  averaged  about  0.85  bushel  per 
capita  for  the  population  of  the  metropolitan  district. 

Most  of  the  " nearby  trucked-in"  stock  is  sold  in  the  old  Faneuil 
Hall  locality.  The  truck  driver  either  sells  the  apples  himself  from 
the  truck  or  leaves  them  for  sale  with  a  commission  house.  Most 
of  the  sales  of  trucked-in  stock  take  place  from  5  to  9  a.  m.  Some  of 
the  local  stock  is  taken  direct  to  the  chain-store  warehouses.  Some 
truckers  also  take  loads  to  large  retail  markets  or  deliver  along  a  route 
of  smaller  retail  stores. 

Practically  all  the  western  boxed  apples  are  sold  at  auction.  These 
sales  occur  daily  except  Saturday  and  Sunday,  starting  at  8  or  9  a.  m. 
Car-lot  receipts  of  eastern  apples  are  sold  at  the  Boston  Market 
Terminal.  The  terminal  sales  start  at  6  or  7  a.  m.,  depending  on  the 
season,  and  continue  for  3  hours.  Most  of  the  apples  at  the  terminal 
are  handled  by  approximately  a  dozen  dealers. 

Chain  stores  use  all  methods  of  buying.  They  buy  at  auction,  on 
the  street,  at  the  terminal,  or  direct  from  shippers  in  car-lot  or  truck- 
load  lots.    The  market  has  ample  cold  storage  facilities. 

NEW  YORK 

In  the  3  calendar  years  1931  to  1933,  slightly  less  than  60  percent 
of  the  volume  of  car-lot  apple  unloads  for  local  consumption  at  New 
York  City  were  from  the  western  region.  However,  when  the  motor- 
truck receipts  are  taken  into  consideration,  less  than  half  of  the 
city's  supply  is  from  the  western  region.  The  recorded  mo  tor- truck 
receipts  have  increased  from  less  than  20  percent  in  1931  to  approxi- 
mately 40  percent  of  the  supply  in  1933  and  in  the  3  years  have 
averaged  nearly  3,200  cars  per  year.  The  truck  receipts  include 
considerable  quantities  handled  through  the  farmers'  markets  in  the 
early  fall  months. 

Boxed  apples  from  Washington  were  the  most  important  item  in  the 
supply  and  amounted  to  about  half  of  the  volume  of  car-lot  unloads. 
New  York  State  is  the  next  most  important  source  of  supply  and 
originated  about  one-fifth  of  the  volume  of  car-lot  unloads.  In  addi- 
tion, New  York  State  apples  received  by  truck  have  increased,  and  in 
1933  exceeded  in  volume  the  car-lot  receipts  from  the  State.  Virginia 
was  third  in  importance  as  a  source  of  supply,  and  the  car-lot  receipts 
from  Virginia  were  about  one-half  of  the  car-lot  receipts  from  New 
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York  State.  In  all,  26  States  and  Canada  contributed  to  the  New 
York  City  receipts  in  the  3  years. 

A  survey  conducted  in  1928  showed  that  the  10  leading  varieties 
in  the  New  York  car-lot  supply  in  order  of  importance  were:  Winesap, 
Baldwin,  Mcintosh,  Khode  Island  Greening,  Yellow  Newtown,  Rome 
Beauty,  Jonathan,  Esopus  Spitzenburg;  York  Imperial,  and  Delicious. 
These  10  varieties  comprised  80  percent  of  the  car-lot  supply.  Wine- 
sap  and  Baldwin  were  nearly  of  equal  importance  and  made  up  about 
one-fourth  of  the  total.  Mcintosh,  Rhode  Island  Greening,  and 
Yellow  Newtown  made  up  another  one-fourth.  In  the  last  few  years, 
Mcintosh  has  increased  rapidly  in  importance  and  now  ranks  next  to 
Winesap  with  Rhode  Island  Greening  third. 

In  the  receipts  from  Washington  the  Winesap  was  the  leading  vari- 
ety, followed  by  the  Jonathan,  Rome  Beauty,  Esopus  Spitzenburg, 
and  Delicious.  From  New  York  State  the  Mcintosh,  Rhode  Island 
Greening,  and  Baldwin  are  the  leading  varieties  and  from  the 
Cumberland-Shenandoah  area  the  York  Imperial,  Yellow  Newtown, 
and  Stayman  Winesap  are  the  leaders. 

In  New  York  City  about  90  percent  of  the  western  boxed  apples  are 
now  sold  through  the  auctions,  whereas  15  years  ago  very  few  apples 
were  auctioned.  The  apples  in  baskets  and  barrels,  and  the  New 
England  boxed  apples,  are  mostly  distributed  through  jobbers  or 
chain-store  organizations. 

Since  the  terminal  railroad  yards  at  which  a  large  part  of  the  rail 
receipts  arrive  are  in  Jersey  City,  it  is  necessary  to  ferry  the  cars 
across  the  Hudson  River  to  New  York,  where  the  apples  are  unloaded 
on  the  piers  and  displayed  for  sale.  After  the  apples  are  sold,  they 
are  hauled  to  the  stores  of  the  jobbers  or  to  places  of  business  of  other 
buyers  on  trucks  engaged  by  the  car-lot  receivers.  The  delivery 
charges  are  7  cents  per  bushel  or  box  and  15  cents  per  barrel,  with 
higher  charges  for  deliveries  to  other  than  the  Washington  Market 
locality. 

The  quantity  of  apples  received  on  consignment  varies  considerably 
from  season  to  season.  During  the  last  few  years  from  60  to  70 
percent  of  the  eastern  apples  have  been  sold  on  a  consignment  basis. 

Probably  about  25  firms  are  handling  eastern  apples,  but  only  6 
or  7  of  them  handle  car  lots  in  large  volume.  Many  of  the  eastern 
apples  used  by  chain  stores  are  billed  to  outlying  yards  and  to  private 
sidings. 

The  standard  barrel  is  becoming  of  minor  importance  in  New  York 
except  in  shipments  from  the  Cumberland-Shenandoah  area.  Most 
of  the  York  Imperials  from  this  area  are  received  in  barrels.  Receipts 
from  New  York  and  New  England  are  mostly  in  bushel  baskets  and 
the  eastern  bushel  box.  The  eastern  box  has  increased  in  popularity, 
especially  in  shipments  from  the  Hudson  Valley  and  from  Vermont. 
It  is  shipped  either  open  or  partly  closed  by  cardboard  and  2  or  3 
slats.  The  apples  are  jumble  or  loose  pack.  The  use  of  the  truck 
has  been  a  factor  in  the  increasing  popularity  of  this  package. 

Large  quantities  of  apples  are  exported  through  the  port  of  New 
York.  Shipments  billed  through  for  export  are  not  included  in  the 
statistics  of  unloads  and  supply  at  New  York. 
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PHILADELPHIA 

Almost  half  of  the  apple  receipts  at  Philadelphia  in  recent  years 
have  come  by  truck,  largely  from  New  Jersey,  Pennsylvania,  and 
Delaware.  Of  the  car-lot  supply,  approximately  half  came  from  the 
Western  States,  chiefly  from  Washington.  The  leading  Eastern 
States  shipping  apples  to  Philadelphia  are  Virginia,  Pennsylvania, 
and  New  York. 

Philadelphia  is  a  Stayman  Winesap  market.  According  to  a  survey 
made  several  years  ago,  approximately  one-third  of  the  total  rail  and 
truck  apple  receipts  at  Philadelphia  are  of  this  variety  and  come  from 
the  Northwest,  from  the  Cumberland-Shenandoah  area  and  from 
nearby  sources.  Other  important  varieties  are  Winesap,  Delicious, 
Khode  Island  Greening,  York  Imperial,  Rome  Beauty,  Jonathan, 
Baldwin,  and  Arkansas  (Black  Twig).  The  Mcintosh  is  a  compara- 
tively new  variety  on  the  Philadelphia  market,  but  has  increased  con- 
siderably in  importance  in  the  last  few  years.  The  rail  and  truck 
supply  of  all  apples  received  in  1932  averaged  about  0.9  bushel  per 
capita  for  the  population  in  the  city's  metropolitan  area. 

Most  of  the  western  boxed  apples  are  sold  at  auction,  while  the 
eastern  car-lot  receipts  are  sold  at  private  sale,  many  being  handled 
at  one  of  the  large  railway  produce  terminals. 

A  large  part  of  the  car-lot  receipts  are  handled  by  a  comparatively 
small  number  of  dealers,  but  probably  two-thirds  of  the  wholesalers 
and  jobbers  on  the  street  markets  handle  truck  receipts  of  apples, 
which  they  receive  direct  from  the  growers  or  buy  in  job  lots.  Most 
of  the  truck  receipts  are  unloaded  into  the  dealer's  stores  and  jobbed 
out  in  lots  of  varying  size. 

The  chain  stores  handle  a  considerable  quantity  of  apples,  most  of 
which  are  in  car-lot  quantities,  purchased  from  car-lot  dealers  and 
brokerage  concerns,  or  through  the  auction.  Some  of  the  nearby 
apples  are  bought  at  shipping  point  and  hauled  to  the  chain  ware- 
houses by  truck,  while  the  remainder  are  purchased  on  the  street. 
General  market  conditions  determine  to  a  great  extent  where  the  chain 
stores  get  their  apples. 

Although  Philadelphia  has  good  terminal  storage  facilities,  compara- 
tively few  apples  are  stored  and  most  of  these  are  consumed  locally. 
Philadelphia  has  never  attained  much  importance  as  a  distributing 
center  for  apples,  and  the  larger  cities  of  eastern  Pennsylvania  and 
other  nearby  districts  obtain  supplies  direct  from  producing  districts, 
either  by  truck  or  in  car-lot  quantities,  although  a  few  western  apples 
are  distributed  by  truck  to  the  smaller  nearby  cities.  Very  few  apples 
are  exported  from  Philadelphia. 

PITTSBURGH 

In  the  Pittsburgh  apple  unloads  of  1931  and  1932  approximately 
40  percent  of  the  quantity  received  by  rail  were  from  the  western 
region.  New  York  State  furnishes  the  largest  quantity  of  car-lot 
shipments  to  this  market.  There  are  also  considerable  rail  receipts 
from  the  Cumberland-Shenandoah  area  and  from  some  of  the  Middle 
Western  States.  Motor-truck  receipts  arrive  in  considerable  quantity 
but  do  not  constitute  so  large  a  part  of  the  supply  as  in  many  of  the 
other  markets.  Fully  95  percent  of  the  receipts  of  eastern  apples  are 
in  bushel  baskets.    The  Baldwin  which  comes  chiefly  from  New  York 
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is  the  leading  variety  in  Pittsburgh.  The  Winesap,  Rome  Beauty, 
Delicious,  Stayman  Winesap,  and  Yellow  Transparent  from  the 
Cumberland-Shenandoah  area  are  also  popular.  The  King  variety 
from  New  York  State  has  been  received  in  liberal  quantities.  The 
Rhode  Island  Greening  is  not  important  in  the  receipts,  and  in  this 
respect  Pittsburgh  is  different  from  most  other  large  markets  drawing 
large  quantities  of  apples  from  New  York  State.  The  Delicious, 
Rome  Beauty,  Stayman  Winesap,  Jonathan,  and  Winesap  are  leading 
varieties  in  the  supply  from  the  Northwest. 

The  sarne  facilities  are  used  for  selling  apples  as  other  products  in 
Pittsburgh.  Cars  are  unloaded  on  the  sales  platform,  which  is  approx- 
imately 1,200  feet  in  length,  located  between  Sixteenth  and  Twenty- 
first  Streets.  They  are  sold  to  jobbers  only  in  lots  of  not  less  than  5 
bushels  or  boxes.  A  large  part  of  the  boxed  apples  are  sold  at  auction. 
There  are  perhaps  15  or  20  car-lot  dealers,  most  of  whom  buy  their 
stock  on  an  f.  o.  b.  basis  although  there  are  a  few  who  depend  on  con- 
signments only.  The  hours  of  selling  are  from  6  to  10  a.  m.  The 
operations  of  unloading  on  the  platform  and  delivery  after  sales  are 
made  are  performed  by  a  private  company.  Truck  receipts  are 
hauled  direct  to  the  stores  and  are  never  sold  on  the  sales  platform. 

Cold-storage  facilities  are  adequate.  A  large  company  located  in 
the  heart  of  the  produce  district  and  having  3,000,000  cubic  feet  of 
space  can  accommodate  between  700  and  800  cars  of  perishable 
products.  Pittsburgh  is  still  important  as  a  distributing  center  for 
the  surrounding  trade  territory  although  not  to  such  an  extent  as  in 
former  years.  In  1933  car-lot  arrivals  of  apples  in  Pittsburgh  were 
1,842  cars  and  unloads  1,552  cars,  leaving  290  cars  which  were 
diverted  or  sold  in  car  lots  in  the  surrounding  territory.  Some  apples, 
chiefly  from  the  West,  are  distributed  from  Pittsburgh  by  truck. 

DETROIT 

In  Detroit  during  recent  years  about  60  percent  of  the  car-lot  apple 
unloads,  figured  on  a  bushel  basis,  have  originated  in  the  western 
region.  Truck  receipts  are  an  increasingly  important  factor  in  the 
supply  of  apples  from  Michigan  and  nearby  States.  The  Jonathan 
and  Winesap  are  leading  varieties  on  the  Detroit  market.  Others 
received  in  large  quantities  are  Greening,  Rome  Beauty,  Baldwin,  and 
Delicious. 

There  are  two  car-lot  produce  terminals  in  Detroit  both  with  track 
facilities  for  unloading  direct  from  the  car  to  the  terminal  floor.  A 
large  volume  of  Michigan  truck  receipts  are  sold  direct  by  farmers  at 
three  municipal  farmer's  markets.  Some  truck  receipts  are  handled 
over  the  terminal  floors  by  regular  car-lot  receivers. 

There  are  approximately  12  car-lot  apple  dealers  in  Detroit  and  in 
addition  about  half  of  this  number  of  brokers  who  sell  at  auction. 
Auction  sales  of  apples,  chiefly  from  Washington,  Oregon,  and  Cali- 
fornia have  ranged  from  32  to  55  percent  of  the  unloads  from  these 
States  in  the  4  years  1930  to  1933.  There  are  probably  at  least  50 
jobbers  who  handle  apples  at  the  two  terminals.  Three  chain  stores 
buy  carloads  of  apples  either  delivered  or  at  shipping  point;  they  also 
buy  Michigan  truck  receipts.  The  barrel  has  practically  been  sup- 
planted by  the  bushel  basket  as  a  container  for  apples  in  Detroit.  A 
slatted  crate  with  a  capacity  of  slightly  more  than  a  bushel  is  in  general 
use  as  a  container  of  Michigan  stock  trucked  in  for  storage. 
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CHICAGO 

About  60  percent  of  the  volume  of  car-lot  apple  unloads  in  Chicago 
during  recent  years  were  from  the  western  region.  Jonathan  is  the 
leading  variety  received  from  the  West,  followed  by  Delicious.  Other 
varieties  important  in  the  box-apple  receipts  are  Rome  Beauty, 
Winesap,  and  Esopus  Spitzenburg.  Michigan,  Illinois,  and  New 
York  are  the  principal  sources  of  eastern  apples.  The  chief  late 
varieties  received  from  these  States  are  Baldwin,  Rhode  Island 
Greening,  Jonathan,  Winesap,  Northern  Spy,  and  Mcintosh.  Prob- 
ably about  15  percent  of  the  Chicago  supply  arrives  by  truck.  ^Chicago 
is  an  important  storage-in- transit  point  for  western  apples. 

About  one-half  of  the  supply  of  northwestern  apples  moves  through 
the  auction ;  the  other  half  moves  through  the  jobbing  houses.  Jobbers 
located  on  the  South  Water  Market  and  on  the  Randolph  Market 
are  important  buyers  at  the  auction.  Large  retailers  also  buy  con- 
siderable quantities  at  auction.  Eastern  apples  move  to  the  retail 
trade  chiefly  through  jobbing  houses.  There  are  also  some  truck 
deliveries  direct  to  retailers  from  producing  areas  and  a  few  cars  are 
"peddled"  on  team  trucks. 

There  are  approximately  30  car-lot  receivers  and  nearly  all  of  them 
sell  any  quantity  from  one  package  to  a  carload.  Ten  or  twelve 
brokers  and  approximately  100  jobbers  handle  apples  in  Chicago. 

Chain  stores  are  an  important  means  of  distribution  and  handle 
considerably  more  than  half  of  the  city's  supply.  Chicago  is  an 
important  apple-distributing  center  to  smaller  markets  within  a 
100-mile  radius. 

CINCINNATI 

Western  New  York  is  the  chief  source  of  apple  shipments  in  the 
Cincinnati  market.  The  Cumberland-Shenandoah  area,  the  Middle 
West,  and  New  England  are  also  sources  of  shipments.  Roughly, 
30  to  40  percent  of  the  volume  of  car-lot  receipts  comes  from  the 
western  region. 

The  Jonathan  and  Wealthy  are  probably  the  most  popular  varieties 
for  fall  and  early  winter.  The  Winesap,  Stayman  Winesap,  Baldwin, 
and  Rome  Beauty  constitute  the  most  popular  varieties  for  winter 
and  spring  trade. 

Practically  all  western  boxed  apples  are  sold  at  auction.  Some 
basket  stock  is  also  sold  at  auction  but  most  of  the  basket  and  bulk 
car-lot  receipts  are  handled  as  "  track  sales."  Practically  no  barreled 
stock  is  now  received.  Considerable  quantities  of  apples  are  received 
by  truck.  The  truck  is  also  used  in  distributing  apples  from  Cin- 
cinnati to  smaller  markets  located  within  approximately  200  miles. 

ST.  LOUIS 

Mo  tor- truck  receipts  from  Illinois  and  Missouri  in  1932  and  1933 
averaged  approximately  25  to  30  percent  of  the  St.  Louis  apple 
supply.  When  figured  on  a  bushel  basis,  80  to  90  percent  of  the 
car-lot  receipts  in  recent  years  have  originated  in  the  western  apple 
region.  Apples  from  Idaho  as  well  as  Washington  are  important  in 
the  receipts  from  the  West. 

The  leading  red  variety  in  St.  Louis  is  the  Jonathan,  closely  fol- 
lowed by  the  Delicious,  Rome  Beauty,  Ben  Davis,  York  Imperial, 
Willow  twig,  and  Winesap.     The  leading  yellow  or  green  varieties  are 
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the  Golden  Delicious,  Grimes  Golden,  and  " Greening."  The  bushel 
basket  is  the  most  popular  container  for  eastern  apples.  Only  an 
occasional  car  of  barreled  apples  is  received. 

A  majority  of  the  apple  receipts  are  sold  by  car-lot  receivers  to 
jobbers  and  in  some  instances  direct  to  retailers.  Sales  are  made  at 
private  sale  and  at  the  fruit  auction.  Most  of  the  apples  sold  at 
auction  are  from  the  western  region.  The  number  of  car-lot  handlers 
of  apples  ranges  from  10  to  12,  the  number  of  jobbers  from  25  to  35. 
Street  sales  are  made  during  the  summer  months  starting  at  3  a.  m. 
and  during  the  winter  at  5  a.  m.  Deliveries  are  made  throughout  the 
day,  immediately  after  sale,  if  possible.  Team  tracks  and  cold  storage 
are  located  within  a  short  distance  of  the  wholesale  market,  reducing 
dray  age  to  a  minimum. 

In  1932,  a  change  occurred  in  the  method  of  handling  truck  receipts 
of  apples  in  St.  Louis.  Prior  to  this,  truckers  delivered  direct  to  the 
receiver's  place  of  business.  Since  1932,  all  truck  receipts  are  con- 
centrated at  a  central  market  place  operated  by  an  organization  of 
receivers.  Sales  are  made  at  10:30  a.  m.  and  2  p.  m.  each  day.  A 
buyer  who  finds  a  desirable  lot  of  apples,  hands  the  receiver  a  small 
card  showing  the  price  he  is  willing  to  pay  and  other  necessary  infor- 
mation. The  buyer  submitting  the  highest  bid  obtains  the  lot  of 
apples. 

The  chain  stores  purchase  a  majority  of  their  supplies  during  the 
early  fall  months  from  the  car-lot  and  truck  receivers,  but  during  the 
whiter  and  spring  months  most  of  their  supplies  are  bought  in  car  lots. 

Smaller  markets  within  a  200-mile  radius  are  largely  supplied  with 
reshipments  from  St.  Louis.  Many  apples  that  are  originally  trucked 
to  St.  Louis  are  loaded  into  cars  at  this  point  and  shipped  to  various 
markets  in  the  South  and  Middle  West.  Many  thousands  of  bushels 
of  apples  are  stored  here  by  shippers,  growers,  and  receivers  for  redis- 
tribution later  in  the  season. 

KANSAS  CITY 

About  80  percent  of  the  car-lot  apple  unloads  in  1931  and  1932 
were  from  the  western  apple  States.  Idaho  apples  are  received  in 
largest  volume.  Washington  is  second  in  order  of  importance.  Utah, 
Oregon,  and  Colorado  also  ship  large  quantities  to  Kansas  City. 
Considerable  quantities  of  apples  from  nearby  producing  regions  are 
trucked  into  Kansas  City  during  some  seasons. 

The  Jonathan  is  the  leading  variety  in  Kansas  City.  The  Winesap, 
Delicious,  Ben  Davis,  and  Rome  Beauty  are  also  popular  varieties 
in  this  market. 

Kansas  City  is  a  very  important  gateway  for  western  apples  moving 
eastward.  Storage  facilities  are  adequate  and  a  large  part  of  the 
western  receipts  are  stored  in  transit.  About  65  percent  of  this  stock 
that  is  stored  in  transit  is  later  reshipped  to  eastern  markets  and  35 
percent  is  withdrawn  for  local  dealers.  The  barrel  has  practically 
given  way  to  the  basket  as  a  container. 

There  are  approximately  10  car-lot  dealers  and  30  to  40  small 
jobbers  who  handle  apples.  Probably  55  to  60  percent  of  the  apples 
sold  in  " job  lots"  are  taken  out  by  truck  to  smaller  markets  within  a 
radius  of  a  few  hundred  miles.  Chain  stores  buy  both  in  car  lots  and 
in  smaller  quantities. 
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The  method  of  distribution  has  undergone  an  important  change 
during  late  years.  Car-lot  receivers  now  sell  large  quantities  direct 
to  retailers.  The  small  jobber  is  eliminated  in  these  transactions. 
Trucks  belonging  to  car-lot  receivers,  operating  on  regular  delivery 
routes,  serve  retail  stores  and  fruit  stands,  delivering  daily  or  several 
times  a  week  with  supplies  ordered  by  telephone. 

MINNEAPOLIS 

About  three-fourths  of  the  apples  received  in  Minneapolis  are  from 
the  western  region.  New  York  and  midwestern  apples  are  also 
shipped  to  this  market.  The  truck  receipts  are  relatively  light  since 
there  are  no  large  producing  districts  within  easy  trucking  distance. 

Apples  are  usually  bought  in  car  lots  and  sold  direct  to  the  retailers 
in  small  lots. 

Apples  are  stored  in  considerable  volume  for  redistribution  during 
the  spring  months  throughout  Minnesota,  Wisconsin,  and  Iowa. 
Chain  stores  distribute  large  quantities  of  apples  from  their  Minne- 
apolis warehouses  throughout  the  surrounding  territory. 

WASHINGTON,  D.  C. 

The  nearby  Cumberland-Shenandoah  area  is  the  leading  source  of 
apple  supply  in  Washington.  Nearly  all  of  the  apples  from  this  area 
come  by  truck.  Of  the  car-lot  supply,  about  80  percent  came  from 
the  western  region  in  1931-33. 

Popular  varieties  on  the  Washington  market  are  the  Stayman 
Winesap,  Grimes  Golden,  Delicious,  Winesap,  and  York  Imperial. 
The  Arkansas  (Black  Twig),  Rome  Beauty,  and  Ben  Davis  are  also 
received  in  liberal  quantities.  The  Baltimore  market  is  rather  similar 
to  the  Washington  market  in  source  and  composition  of  supply. 

In  Washington  there  are  two  wholesale  markets,  several  miles 
apart,  at  which  apples  are  sold,  and  large  quantities  are  handled  by 
the  chain  stores  of  the  city. 

ATLANTA 

During  the  calendar  year  1933  slightly  over  one-third  of  the  volume 
of  car-lot  receipts  of  apples  in  Atlanta  were  from  the  western  region, 
chiefly  from  Washington.  Virginia  was  the  most  important  source  of 
eastern  car-lot  receipts  with  West  Virginia  contributing  a  substantial 
portion.  Roughly  50  percent  of  the  total  supply  came  by  truck,  north 
Georgia  furnishing  approximately  70  percent  of  the  receipts  of  this 
type  and  Virginia  and  North  Carolina  furnishing  about  15  percent 
each. 

The  apple  supply  during  the  last  few  years  has  averaged  approxi- 
mately 1  bushel  per  capita  for  the  city's  metropolitan  population. 
The  Stayman  Winesap  and  the  Winesap  continue  as  the  leading 
varieties  and  are  received  from  Washington,  the  Cumberland-Shenan- 
doah area  and  north  Georgia.  The  Yates  from  Georgia  is  also  popu- 
lar and  Delicious  and  Gano  probably  rank  next  in  importance. 

Car-lot  shipments  of  apples  are  distributed  chiefly  through  six  car- 
lot  receivers  who  supply  a  number  of  jobbers  as  well  as  a  substantial 
portion  of  the  retail  trade.  Most  of  these  car-lot  receivers  also  supply 
retailers  and  jobbers  in  many  smaller  towns  in  the  adjacent  trade  ter- 
ritory, delivering  the  apples  on  their  own  motor  trucks  within  a  radius 
of  about  100  miles.     Apple  sales  by  large  receivers  are  made  through- 
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out  the  day  but  it  is  probable  that  more  change  hands  during  the 
early  morning  than  at  later  hours.  All  of  the  car-lot  receivers  have 
railroad  sidings  from  which  apples  may  be  unloaded  directly  into 
the  building.  Some  cars,  however,  are  unloaded  at  nearby  team 
tracks  and  hauled  by  motor  truck  to  the  stores.  Practically  none 
of  the  car-lot  receipts  is  handled  on  consigment.  Two  chain  store 
organizations  also  receive  apples  in  car  lots  for  sale  through  their 
retail  stores.  One  large  cold-storage  warehouse  supplies  cold-storage 
facilities  for  all  handlers. 

Apples  that  come  to  Atlanta  by  motor  truck  are  mostly  handled 
through  entirely  different  channels.  These  motor  trucks  park  at 
established  truckers'  markets  and  the  stock  is  sold  from  the  truck  in 
any  quantity  from  a  bushel  to  a  truck  load.  Most  of  the  truck 
receipts  are  in  bulk  and  of  only  fair  to  poor  quality,  although  some 
truckers  handle  well-graded  and  well-packed  stock.  A  small  per- 
centage of  the  truck  receipts  is  purchased  by  jobbers  who  also  handle 
rail  receipts. 

All  of  the  car-lot  receivers,  jobbers,  and  truckers'  markets,  and  the 
cold-storage  warehouse  are  located  within  a  radius  of  about  six  city 
blocks. 

NEW  ORLEANS 

The  greater  part  of  the  New  Orleans  apple  supply  comes  from  the 
western  boxed-apple  region  principally  from  Washington.  In  1931, 
1932,  and  1933,  about  80  to  85  percent  of  the  supply  was  from  the 
western  region.  In  1933  New  Orleans  received  approximately  50 
cars  of  Idaho  apples  most  of  which  were  Winesaps  in  baskets.  In 
these  3  years  the  supply  averaged  about  one-half  bushel  per  capita 
in  the  New  Orleans  metropolitan  area. 

The  leading  varieties  in  boxes  are  Winesap,  Delicious,  Jonathan, 
and  Rome  Beauty.  A  moderate  supply  of  late-summer  or  early-fall 
apples  in  baskets  and  an  occasional  car  of  barreled  apples  are  re- 
ceived, and  a  small  quantity  comes  as  truck  receipts  from  the  nearby 
States.  The  principal  early-fall  varieties  are:  Early  Harvest, 
Grimes  Golden,  and  early  red  varieties.  Ben  Davis  and  York 
Imperial  are  also  received  in  baskets.  New  Orleans  is  primarily  a 
red-apple  market. 

There  are  approximately  20  car-lot  receivers  of  apples,  most  of 
whom  act  also  as  jobbers  in  moving  the  apples  into  retail  channels. 
A  considerable  quantity  of  apples  is  sold  at  auction. 

The  chain  stores  are  important  in  distributing  apples  to  the  con- 
sumer in  this  market.  Most  of  the  apples  used  by  these  chain  stores 
are  bought  from  the  local  jobbers,  and  are  from  the  western  region. 
During  the  late  summer  or  early  fall,  some  truck  and  rail  receipts  of 
basket  apples  from  Arkansas,  Missouri,  and  Virginia  are  used  by  the 
chain  stores. 

DENVER 

Practically  all  the  receipts  of  apples  on  the  Denver  market  are  from 
the  western  region.  Idaho,  Colorado,  and  Washington  are  the 
States  from  which  heaviest  shipments  are  received.  In  1932  about 
10  percent  of  the  apple  supply  came  by  truck. 

For  the  season  as  a  whole  the  Winesap  is  sold  in  largest  volume 
followed  by  Rome  Beauty,  Jonathan,  and  Delicious. 
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Denver  is  an  important  redistribution  and  diversion  point.  Diver- 
sions usually  exceed  unloads  by  30  to  40  percent. 

Ten  dealers  handle  apples  in  car  lots.  Chain  stores  are  an  import- 
ant outlet  and  the  chain-store  supply  is  not  handled  through  the  car- 
lot  dealers. 

Practically  all  the  Idaho  and  Utah  apples  and  most  of  the  Colorado 
receipts  are  packed  in  baskets. 

LOS  ANGELES 

Approximately  half  of  the  apples  used  in  Los  Angeles  during  the 
last  few  years  were  from  California.  The  Watsonville  district  is  the 
principal  source  but  a  number  of  other  California  districts  ship  to 
Los  Angeles.  Washington  is  the  next  most  important  source  of 
supply,  Idaho,  Oregon,  and  Utah  also  contributing  shipments. 
Roughly  10  to  12  percent  of  the  receipts  arrive  by  truck.  Some 
truck  shipments  come  from  Washington  and  Oregon.  In  1931  and 
1932  the  apple  supply  averaged  roughly  1  bushel  per  capita  for  the 
Los  Angeles  metropolitan  population. 

The  Yellow  Newtown  and  Yellow  Bellflower  received  in  about 
equal  quantities  from  California  sources  are  the  leading  varieties. 
According  to  a  survey  made  several  years  ago  these  two  varieties 
composed  about  40  percent  of  the  yearly  receipts.  Delicious,  Jona- 
than, Rome  Beauty,  and  Winesap  chiefly  from  sources  outside  the 
State  are  also  used  in  large  quantities. 

Apples  produced  within  100  miles  of  the  city  are  practically  all 
trucked  in  and  sold  on  consignment.  Apples  from  more  distant  dis- 
tricts whether  hauled  by  rail  or  truck  are  mostly  purchased  on  an 
f.  o.  b.  basis. 

About  30  car-lot  buyers  and  receivers,  12  brokers,  and  numerous 
jobbers  effect  the  wholesale  distribution  in  the  city.  It  is  estimated 
that  little  more  than  one-fourth  of  the  apple  unloads  go  into  cold 
storage.  Chain  stores  and  "drive-in  markets"  probably  handle  90 
percent  or  more  of  the  city's  retail  apple  sales.  The  "drive-in  mar- 
kets" have  become  increasingly  important  of  late. 

Apples  packed  loose  in  unlidded  boxes  have  become  popular.  In 
1933-34,  all  apples  received  from  the  Watsonville  district  and  approxi- 
mately 80  percent  of  the  receipts  from  Washington  and  Oregon  were 
packed  loose  in  boxes.  Loose-packed  apples  can  be  bought  at 
slightly  lower  prices  than  wrapped  apples  in  the  regular  box  pack. 

SAN  FRANCISCO 

San  Francisco  draws  approximately  one-half  of  its  apples  from 
nearby  California  producing  districts;  practically  all  arrive  on  the 
market  by  motor  truck.  Washington  is  a  close  second  as  a  source 
of  supply,  and  most  of  the  remainder  comes  from  Oregon. 

About  15  dealers  trade  in  car  lots,  whereas  about  70  operate  as 
jobbers.  Chain  stores  distribute  a  considerable  supply  direct  to  the 
consumer. 

Receipts  on  consignment  have  declined  during  recent  years  and  in 
1933-34  about  20  percent  of  the  receipts  were  consignments.  San 
Francisco  is  well  supplied  with  cold-storage  facilities. 

The  principal  variety  is  the  Yellow  Newtown,  which  comes  chiefly 
from  nearby  producing  districts.  Other  varieties  of  importance  on 
this  market  are  Winesap,  Gravenstein,  Esopus  Spitzenburg,  Rome 
Beauty,  and  Bellflower. 
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FOREIGN  TRADE  IN  APPLES 

The  export  trade  is  a  very  important  market  outlet  for  apples  grown 
in  the  United  States.  Apples  are  one  of  the  few  agricultural  commodi- 
ties exported  which  have  increased  in  volume  since  the  World  "W  ar. 

Apple  exports  for  the  five  seasons  beginning  in  1928  have  ranged 
from  12  to  20  percent  of  the  commercial  crop  a  ad  have  averaged  17 
percent.  More  western  boxed  apples  than  eastern  apples  are  exported. 
In  the  5-year  period,  boxed-apple  exports  have  averaged  close  to 
10,000,000  bushels  which  is  about  22  percent  of  the  commercial  crop 
in  the  western  region.  For  barrel  and  basket  stock  the  exports  aver- 
aged about  7,000,000  bushels,  or  13  percent  of  the  commercial  crop  in 
the  barrel  and  basket  regions  (table  25).  Of  the  barrel  and  basket 
shipments  abroad  by  far  the  larger  part  is  in  barrels  (fig.  14).    Basket 


Figure  14.— Barreled  apples  on  the  pier  awaiting  export. 

exports  have  been  segregated  in  the  records  only  since  1932,  and  in  the 
1932-33  season  totaled  288,000  bushels,  or  about  6  percent  of  the 
volume  exported  in  barrels  (table  26). 


Table  25. — Proportion  of  commercial  apple  crop 
western  box  region,  and  barrel  and  basket  regions, 

exported  from  the  United  States, 
by  seasons,  1928-29  to  1982-33 

United  States 

Western  box  region 

Barrel  and  basket  regions 

Season 

Com- 
mercial 
crop 

Ex- 
ports 

Rela- 
tion of 
ex- 
ports 
to  com- 
mercial 
crop 

Com- 
mercial 
crop 

Ex- 
ports 

Rela- 
tion of 

ex- 
ports 
to  com- 
mercial 
crop 

Com- 
mercial 
crop 

Ex- 
ports 

Rela- 
tion of 
ex- 
ports 
to  com- 
mercial 
crop 

1928-29 

Million 
bushels 
107.9 
88.0 
102.1 
106.0 
85.6 

Million 
bushels 
21.0 
10.3 
20.3 
17.9 
13.8 

Percent 
19.5 
11.7 
19.9 
16.9 
16.1 

Million 
bushels 
51.3 
40.0 
51.8 
39.4 
38.6 

Million 

bushels 

>  12.0 

16.0 

12.0 

9.3 

8.5 

Percent 
23.4 
15.0 
23.2 
23.6 
22.0 

Million 
bushels 
56.6 
48.0 
50.3 
66.6 
47.0 

Million 

bushels 

19.0 

14.3 

8.3 

8.6 

5.3 

Percent 
15.9 

1929-30     . 

9  0 

1930-31 

16  5 

1931-32. 

12.9 

1932-33 

11.3 

97.9 

16.7 

17.1 

44.2 

9.6 

21.7 

53.7 

7.1 

13  2 

Exports  of  basket  stock  included  under  box  stock  in  1928-29  and  1929-30. 
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Table  26. — Apple  exports  of  box  and  basket,  and  barrel  stock,  by  months,  1928-i 

to  1932-33 


Month 


Box  and  basket  stock 


1928-29  1929-30  1930-31  1931-32 


1932-33 


Average 


July 

August 

September . 

October 

November . 
December . 
January... 
February. . 

March 

April 

May 

June 

Total 


1,000 

bushels 

235.6 

411.2 

347.5 

2,  353.  1 

1,821.2 

1, 082.  3 

1,  790.  6 

1,  598.  5 

1, 466.  1 

727.7 

92.2 

100.5 


1,000 

bushels 

91.0 

261.  5 

241.7 

771.8 

1,  324.  6 

986.5 

827.8 

714.6 

473.4 

160.5 

109.9 

34.5 


1,000 

bushels 

233.0 

417.9 

509.4 

1,  548.  0 

2,431.8 

2,116.4 

1, 488.  4 

1,  459.  3 

1,819.6 

607.0 

209.2 

64.2 


1,000 

bushels 

421.4 

496.3 

513.7 

1, 108.  5 

1,111.3 

667.  5 

1,  541.  3 

1,  595.  0 

994.0 

490.0 

350.3 

176.7 


1,000 
bushels 
451.4 
368.5 
490.9 

1,  427.  0 

1,  609.  0 
924.9 

1,  238.  1 
952.1 
871.1 
304.8 
108.6 
45.4 


1,000 

bushels 

286.  5 

391.1 

420.6 

1,441.7 

1,  659.  6 

1, 155.  5 

1,  377.  2 

1,263.9 

1,124.9 

458.0 

174.0 

84.3 


12, 026.  5 


5,  997. : 


12, 904.  2 


9,  466.  0 


8,  791.  8 


,  837.  3 


Barrel  stock 


July 

August 

September. 

October. 

November. 
December. 
January. . . 
February. . 

March 

April 

May 

June 


35. 

122. 

236. 
1,896. 
1,  633. 

910. 
1,  374. 
1, 133. 
1, 119. 

373. 
39. 

140. 


Total. 


015.9 


76.2 

43.2 

66.9 

6.0 

99.3 

28.8 

57.3 

44.7 

374.4 

370.  5 

887.7 

593.  4 

1,  269.  9 

1,443.9 

1,836.0 

1,361.4 

822.6 

2, 059.  8 

1,894.8 

1,  307.  1 

579.  9 

1,  267.  8 

854.1 

219.6 

480.6 

898.8 

1,141.2 

528.  0 

232.2 

677.7 

1,  033.  2 

470.1 

270.0 

535.  2 

564.9 

347.1 

66.0 

95.4 

94.2 

41.7 

7.5 

12.9 

19.8 

37.5 

2.7 

1.8 

5.4 

5.4 

4,  281.  3 

7,  435. 8 

8, 455.  5 

4, 962.  0 

45.  5 

70.6 

492.4 

1,561.5 

1,  543.  6 

766.3 

884.6 

709.4 

567.  4 

134.1 

23.5 

31.2 


i  Includes  some  basket  stock  in  1928-29  and  1929-30;  in  1930-31, 866,000  bushels;  in  1931-32, 164,000  bushels; 
and  in  1932-33,  288,100  bushels. 

Compiled  by  the  Foreign  Agricultural  Service  from  records  of  the  Bureau  of  Foreign  and  Domestic 
Commerce. 

Shipments  to  foreign  markets  begin,  in  a  small  way  each  season,  in 
July  and  continue  till  June.  October  and  November  are  the  months 
of  heaviest  export  movement.  There  is  usually  a  sharp  falling  off  in 
the  exports  in  December  followed  by  a  slightly  increased  movement. 
It  is  noticeable  that  the  boxed  stock  continues  in  heavy  movement 
abroad  until  March,  whereas  the  movement  of  barreled  stock  is  rela- 
tively much  lighter  after  November  (table  26). 

The  United  Kingdom  is  by  far  our  best  customer  among  the  foreign 
countries  although  occupying  a  less  important  position  in  this  respect 
than  a  decade  or  more  ago.  In  the  5  crop  years  1928-32  the  United 
Kingdom  received  an  annual  average  of  7,400,000  bushels,  or  about 
45  percent  of  the  United  States  exports  (table  27).  Germany  is  the 
next  best  customer,  and  Netherlands,  France,  Belgium,  and  the  Scan- 
dinavian countries  import  considerable  quantities  of  United  States 
apples.  Europe  takes  about  90  percent  of  our  exports.  Canada, 
Argentina,  and  Brazil  and  a  few  other  countries  of  the  Western 
Hemisphere  take  considerable  quantities.  A  limited  volume  of  apples 
goes  to  the  Orient  from  the  United  States  (table  27). 
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Table  27. 


United  States  exports  of  apples  by  countries  and  containers,  July  to 
June  1928-29  to  1932-33 


Country  of  destination 

Box  stock  » 

1928-29     j      1929-30 

1930-31 

1931-32 

1932-33 

Average 

Europe. 

United  Kingdom 

Germany 

Netherlands 

France 

1,000  bushels 

».  835.  6 

2.  695.  0 

1,  687.  3 

76.9 

65.2 

337.4 

84.0 

193.3 

53.4 

0 

29.2 

1,000  bus he  Ls 

2,  654.  8 

946.2 

271.7 

49.4 

9.5 

268.8 

91.2 

100.6 

52.6 

0 

26.1 

1,000  bushels 

3, 846.  0 

3,  269.  5 

2,  244.  0 

553.0 

47.5 

164.5 

94.9 

198.6 

47.0 

4.4 

65.  3 

1,000  bushels 

3,  415.  1 

1,  968.  1 

1, 293.  3 

903.0 

63.3 

210.8 

74.0 

250.9 

24.1 

79.2 

7.4 

1,000  bushels 

2,  429.  1 

2,221.7 

1,660.1 

882.7 

91.5 

217.7 

63.6 

79.4 

43.4 

11.4 

46.2 

1,000  bush  eh 

3.  436.  1 

2,  220.  1 

1,  431.  3 

493.0 

55.4 

Sweden .. 

239.8 

Norway 

81.7 

Denmark 

164.6 
44.  1 

Poland  and  Danzig 

19.0 
34.8 

Total 

10,  057.  3 

4,470.9  |       10,534.7 

8,  289.  8 

7. 746.  8 

8.  219.  9 

Canada .. 

Mexico.  .     .  ... - 

636.  6 
114.  5 

67.7 
211.9 
335.  9 

27.1 
150.4 

59.2 

48.1 

.1 

119.2 

198.  5 

499.9 
75.1 
47.2 

192.1 

294.4 
26.4 
88.5 
36.6 
26.2 
2.3 
33.4 

204.8 

475.0 
62.6 
55.4 

169.7 

257.0 
36.9 

112.0 
27.5 
29.6 
23.5 
68.1 

186.2 

212.2 

3.4 

33.8 

126.7 

157.3 
34.6 

104.5 
40.2 
50.0 
38.5 
27.6 

183.4 

113.1 
19.9 
27.1 

127.8 
90.9 
37.0 

103.5 
28.9 
40.6 
25.0 
28.6 

114.5 

387.4 
55.1 

Cuba 

46.2 

BraziL.      - 

165.  6 

227.  1 

32.4 

Philippines  .     

111.8 

38.5 

38.9 

British  India 

17.8 

Egypt  -.  -    

55.4 

Others . 

177.  5 

Total..  

12, 026.  5 

5, 997.  8 

12,038.2 

9,  302.  0 

8.  503.  7 

9,  573.  6 

Barrel  and  basket  stock  ■ 

Europe: 

United  Kingdom 

Germany ... 

5,160.0 

708.3 

601.5 

184.  5 

964.2 

344.1 

75.9 

243.6 

39.3 

20.1 

17.4 

2, 859.  3 

150.0 

49.5 

24.6 

41.1 

290.4 

69.6 

124.5 

15.0 

1.5 

2.4 

3,006.0 

1,420.5 

1, 176.  0 

516.0 

1,140.0 

106.8 

34.8 

196.8 

25.5 

3.9 

26.7 

5,  743.  8 

240.0 

156.0 

1, 110.  0 

588.6 

2.58.0 

57.3 

219.0 

13.2 

25.2 

33.9 

3,  233.  1 

726.0 

163.7 

138.  1 

457.  5 

243.5 

27.0 

56.3 

32.4 

8.7 

0 

4,000.4 
649.  0 
429  3 

France 

Belgium.- 

Sweden 

394.  7 
638.  3 
248.6 

Norway-.-. 

52.  9 

168  0 

25.  1 

Poland  and  Danzig 

Other  countries 

11.9 
16.1 

Total 

8, 359.  2 

3,  627. 9 

7, 653.  0 

8,  445.  0 

5, 086.  6 

6, 634.  3 

Canada..  

188.4 
9.3 
32. 1 

4.8 

376.  2 

45.9 

120.9 

6.6 

26.7 

4.2 

457.5 

37.2 

120.3 

6.0 

11.4 

.6 

470.7 

41.4 

114.0 
.3 
14.4 
0 

33.0 
13.2 

41.3 
1.2 

15.7 
0 

72.6 

32.7 

117.0 

Mexico 

4.7 

Cuba 

20.1 

1.9 

Argentina 

282.0 

Others « 

34.1 

Total 

9,015.9 

4,  281.  0 

8,  303.  4 

8,  619.  9 

5,  250.  1 

7, 094. 1 

Grand  total 

21,  042.  4 

10,  278.  8 

20, 341.  6 

17,  921.  9 

13, 753. 8 

16,  667.  7 

;  Prior  to  January  1932,  baskets  were  included  with  boxes  in  the  records.  In  this  table  basket  stock  is 
included  with  box  stock  in  1928-29  and  1929-30.  The  figures  for  barrel  and  basket  stock  include  baskets 
as  follows:  1930-31,  866,000;  1931-32,  164,000  exclusive  of  baskets  exported  to  Canada  which  were  also  in- 
cluded with  boxes  in  these  2  years.  In  1932-33  the  barrel  and  basket  stock  includes  288.100  baskets  as 
follows:  United  Kingdom  87,600,  Germany  51,300,  Netherlands  12,200,  France  31,900,  Belgium  62,700, 
Sweden  4,100,  Denmark  500,  Canada  34;400,  Mexico  600,  Cuba  1,000,  and  others  1,800. 

Compiled  by  the  Foreign  Agricultural  Service  from  records  of  the  Bureau  of  Foreign  and  Domestic 
Commerce. 

Although  the  size  of  the  English  apple  crop  does  not  seem  to  govern 
the  volume  of  imports  into  that  country,  the  production  in  continental 
countries  has  a  bearing  on  imports  to  the  Continent  of  Europe. 
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The  two  leading  ports  from  which  shipments  are  made  to  foreign 
countries  are  New  York  and  Seattle.  Some  shipments  clear  through 
Portland,  Oreg.,  through  San  Francisco,  Baltimore,  and  a  few  other 
cities.  The  quantity  of  apples  clearing  through  the  ports  of  Seattle 
and  Portland  has  increased  greatly  during  recent  years.  In  1932-33 
exports  through  three  leading  ports  were:  New  York,  5,564,000  bush- 
els, Seattle,  4,042,000  bushels,  Portland,  Oreg.,  1,973,000  bushels. 

In  European  markets,  Canadian  apples  are  the  chief  competitors  of 
apples  from  the  United  States  during  the  fall  and  winter.  Australia 
and  New  Zealand  are  important  sources  of  European  supply  in  the 
spring  and  early  summer.  Canadian  exports  in  1932-33  of  5,600,000 
bushels  were  nearly  half  the  Canadian  commercial  crop.  Barreled 
stock  exceeds  boxed  stock  in  volume  in  the  Canadian  exports. 

Varieties  of  boxed  apples  in  the  export  trade  include  Winesap, 
Yellow  Newtown,  Jonathan,  Esopus  Spitzenburg,  Gravenstein,  Kome 
Beauty,  Delicious,  Ortley,  and  Winter  Banana  in  about  that  order. 
A  few  shipments  of  Yellow  Transparent  and  Williams  from  the  eastern 
United  States  are  made  to  England  in  the  summer  months.  Early 
fall  varieties  exported  in  barrels  include  Jonathan,  King  David, 
Bonum,  Mcintosh,  and  Northwestern  Greening.  The  York  Imperial 
is  a  leading  barreled-apple  variety  in  the  export  trade.  Others 
include  Yellow  Newtown  (Albemarle  Pippin),  Baldwin,  Ben  Davis, 
Rhode  Island  Greening,  Stayman  Winesap,  and  Winesap. 

Small  apples  are  more  popular  for  export  than  for  domestic  con- 
sumption but  there  is  a  good  demand  in  some  European  markets  for 
medium-  and  large-sized  apples. 

In  the  export  trade  European  dealers  often  make  advances  to  growers 
for  growing  and  harvesting  costs.  In  some  instances  a  guaranteed 
advance  on  the  sale  price  of  the  fruit  is  made  at  time  of  shipment. 
Some  export  apples  are  bought  on  an  f.  o.  b.  basis.  An  objection  to 
the  " advance"  system  is  that  some  dealers  seem  to  consider  the 
advance  as  full  payment  and  make  little  effort  to  obtain  a  market 
price  high  enough  to  enable  them  to  make  a  further  payment  to  the 
shipper.  Dealers  who  have  bought  on  an  f.  o.  b.  basis  find  it  very 
difficult  to  compete  in  the  markets  with  fruit  handled  in  this  way. 

In  European  markets  the  auction  method  is  in  general  use  in  selling 
apples.  The  English  importers  sell  through  the  auction  to  whole- 
salers or  speculative  buyers,  who  sell  to  small  buyers  and  retailers. 
The  fruit  passes  through  3  or  4  hands  from  the  time  it  is  received  in 
the  market  until  it  reaches  the  consumer.  Some  apples  do  not  pass 
through  the  auctions  but  are  sold  direct  by  receivers  to  jobbers  or 
retailers. 

The  auction  sales  are  made  on  the  basis  of  samples  displayed  in  the 
sale  room.  Bidding  is  open  to  the  public  in  some  markets,  but  in 
others  it  is  restricted  to  members  of  ^myers*  associations. 

At  some  European  auctions,  sales  are  guaranteed  and  paid  for  by 
auction  firms  before  collection  is  made  from  buyers;  at  others  pro- 
vision is  made  for  rejection  or  claims.  Selling  charges  from  shipment 
to  final  delivery  at  auction  on  consigned  apples  in  England  in  recent 
years  have  varied  from  about  18  to  30  cents  a  box  and  40  to  80  cents 
per  barrel,  besides  commission  of  3  to  7  percent.  In  1932-33  trans- 
portation to  England  and  selling  charges  per  box  were  figured  roughly 
at  $1.40  per  box. 
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The  six  leading  port  auctions  in  the  United  Kingdom  are  in  Liver- 
pool (fig.  15),  London,  Glasgow,  Manchester,  Hull,  and  Southampton. 
On  the  Continent  important  auctions  are  in  Hamburg,  Rotterdam, 
and  Antwerp  and  to  a  lesser  degree  in  Copenhagen  and  Gothenburg. 

Trade  restrictions  of  various  kinds  have  become  of  considerable 
significance  during  the  last  few  years.  The  first  restriction  which  was 
placed  on  apple  exports  from  the  United  States  to  the  United  King- 
dom was  in  1930,  when  the  British  Government  prohibited  the 
importation,  from  July  7  to  November  15  each  year,  of  all  apples 
from  the  United  States  except  those  of  the  two  highest  recognized 
grades.  The  reason  for  this  order  was  that  apple  maggots  were 
discovered  in  some  shipments  from  the  Atlantic  States. 


Figure  15.— A  Liverpool  apple  auction. 

On  March  1,  1932,  the  Import  Duties  Act  went  into  effect  placing  a 
tariff  of  10  percent  ad  valorem  on  all  apples  from  sources  outside  the 
Empire.  On  November  17,  1932,  specific  rates  were  adopted  which 
either  supplemented  or  increased  the  previous  rate  during  certain 
seasons  of  the  year.  On  April  1,  1934,  it  worked  out  at  45  cents  a 
box  and  $1.45  a  barrel. 

The  German  tariff  of  1928  provided  a  conventional  rate  which, 
applied  to  United  States  apples,  worked  out  on  April  1,  1934,  at  50 
cents  a  box  and  $1.65  a  barrel.  Germany  has  in  force  certain  sani- 
tary restrictions  regarding  apples. 

France,  in  addition  to  import  duties  and  sanitary  restrictions,  has 
established  import  quotas  for  apples  from  the  United  States  which 
amounted  to  about  2,000,000  bushels  in  1932-33. 

Most  other  countries  have  tariffs  and  import  restrictions. 

The  United  States  Apple  and  Pear  Export  Act  of  June  10,  1933, 
authorized  the  Secretary  of  Agriculture  to  prescribe  minimum  grade 
and  other  requirements  for  export  apples.     (See  p.  27.) 
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Imports  of  apples  into  the  United  States  are  of  little  importance. 
The  largest  annual  imports  in  the  last  decade  were  about  300,000 
bushels  in  1929-30.  The  United  States  import  duty  on  apples  in 
effect  in  1933-34  was  about  25  cents  a  bushel. 

Prices  in  foreign  markets  are  discussed  in  the  section  on  prices. 

PRICES 

Price  is  a  factor  of  greatest  interest  in  a  study  of  apple  marketing. 
Some  of  the  factors  influencing  prices  of  apples  are:  Volume  of  supply ; 
general  price  level;  variety,  grade,  and  condition;  size  of  the  apples; 
time  of  year  when  sales  are  made;  kind  of  container  used;  origin  of 
supply;  nearness  to  market;  method  of  sale;  and  export  conditions. 

The  weighted  seasonal  average  farm  price  of  apples  per  bushel  in 
12  representative  apple  States  from  1910  to  1933  is  shown  in  table 
28.  For  the  United  States  the  average  price  has  ranged  from  a 
low  of  62^  cents  in  1914  to  a  high  of  $1.95  in  1921.  Considerable 
differences  appear  when  specific  States  are  considered.  The  range  in 
price  in  Washington,  a  State  far  removed  from  the  large  markets, 
was  from  53  cents  in  1932  to  $1.60  in  1919.  In  New  York  the  low 
was  48  cents  in  1914  and  high,  $2.02  in  1919.  The  Virginia  low  was 
44  cents  in  1914  and  high,  $1.99  in  1921.  The  Western  States  gen- 
erally had  higher  prices  than  the  Eastern  States  prior  to  the  World 
War  but  in  recent  years  this  has  not  been  true.  Transportation 
charges  have  tended  to  lower  the  prices  to  growers  in  Western  States. 

Table  28. — Weighted  seasonal  average  farm  price  per  bushel  of  apples  in  12  repre- 
sentative apple  States,  1910-33  seasons  l 
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99 

147 

86 

88 

96 

70 

120 

82 

96 

62 

47 

50 

54 

66 

61 

54 

70 

80 

69 

59 

89 

62 

63 

64 

65 

80 

42 

46 

53 

64 

2  73 

2  79 

'91 

3  87 

»59 

»92 

268 

2  95 

2  57 

268 

2  68 

2  57 

Cents 

86.6 

75.7 

66.3 

91.7 

62.5 

70.4 

89.4 

1 15.  4 

137.6 

187.4 

135.  2 

195.2 

109.4 

117.4 

123.8 

128.5 

89.4 

145.  0 

109.5 

141.5 

103.7 

67.3 

63.1 

2  79.9 


'Weighted  according  to  monthly  car-lot  shipments. 
2  Preliminary. 

Compiled  by  Division  of  Crop  and  Livestock  Estimates. 
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It  is  of  interest  to  note  how  the  apple  growers  have  fared  over  a 
period  of  years  by  comparing  seasonal  apple  prices  with  prices  in  the 
period  1910-14.  Other  things,  as  the  yields  per  acre,  and  costs  of 
production,  of  course,  have  a  bearing  on  the  prosperity  of  the  industry 
as  well  as  the  prices  received  per  bushel. 

Considering  the  prices  of  1910-14  as  100  percent  and  figuring  the 
prices  of  each  succeeding  year  in  percentage  of  this  5-year  average, 
an  indication  is  obtained  of  how  the  prices  for  the  United  States  and 
also  for  certain  States  compare  with  those  of  the  pre-war  period  (table 
29).  During  the  period  1916  to  1930  prices  for  the  United  States  were 
above  the  pre-war  average  but  in  1931  and  1932  they  dropped  to  88 
percent  and  82  percent,  respectively  of  the  pre-war  average. 

Table  29. — Index  numbers  of  weighted  seasonal  average  farm  prices  of  apples,  in 
12  representative  apple  States,  1910-33  seasons 

[Average  1910-14  crop  prices =100] 


Crop  of— 


1910. 
1911. 
1912. 
1913. 
1914. 
1915. 
1916. 
1917- 
1918- 
1919. 
1920. 
1921. 
1922- 
1923. 
1924_ 
1925. 
1926. 
1927- 
1928. 
1929- 
1930. 
1931. 
1932_ 
1933  1 


94 
107 

86 
143 

71 
109 
116 
156 
171 
229 
209 
277 
144 
156 
148 
157 
121 
171 
157 
184 
100 
134 

77 

81 


134 
88 
75 
135 
67 
102 
109 
168 
163 
282 
113 
267 
119 
170 
162 
162 
109 
215 
177 
211 
138 
115 
82 
110 


100 
95 
99 
119 
88 
92 
126 
160 
185 
244 
174 
247 
136 
181 
179 
186 
158 
209 
212 
246 
165 
136 
126 
129 


«  > 


109 
85 
98 
131 
77 
101 
107 
174 
175 
296 
145 
338 
153 
166 
193 
218 
133 
221 
189 
246 
160 
94 
94 
131 


107 
109 

83 
130 

71 

94 
110 
156 
166 
239 
151 
323 
140 
166 
141 
161 

99 
216 
135 
187 
170 


114 

72 

86 

143 

85 

76 

127 

178 

207 

321 

172 

285 

180 

150 

175 

186 

127 

207 

180 

245 

179 

66 

85 

122 


145 
94 
81 
102 
78 
104 
127 
185 
165 
262 
139 
266 
140 
162 
180 
157 
129 
231 
185 
221 
163 
89 
107 
112 


126 
82 
92 
91 
110 
67 
127 
135 
209 
243 
220 
312 
141 
149 
159 
161 
141 
193 
149 
222 
185 
83 
101 
120 


119 
109 
95 
107 
70 
95 
106 
111 
174 
184 
165 
172 
81 
126 
122 
135 
81 
125 
92 
115 
89 
63 
43 
59 


108 
112 
89 
105 
85 
90 
146 
111 
180 
202 
153 
134 
103 
102 
161 
121 
100 
116 
88 
119 
92 
57 
48 
71 


102 
126 
80 
114 
79 
102 
110 
124 
141 
191 
165 
173 
116 
117 
163 
153 
112 
156 
118 
161 
115 
84 
63 
81 


101 
95 
118 
88 
90 
103 
116 
162 
199 
183 
175 
159 
163 
169 
172 
125 
167 
126 
175 
81 
93 
74 
66 


P 


113 
99 
87 
120 
82 
92 
117 
151 
180 
245 
177 
255 
143 
153 
162 
168 
117 
189 
143 
185 
135 
88 
82 
104 


1  Preliminary. 


Prices  of  apples  in  comparison  with  the  1910-14  level,  in  States 
such  as  New  Jersey,  New  York,  and  Michigan,  which  are  near  large 
markets  have  generally  been  more  favorable  to  growers  than  prices  in 
States  located  at  a  greater  distance  from  large  markets. 

Prices  of  apples  in  each  apple-growing  State  from  1928  to  1933  are 
shown  in  table  30.  It  will  be  noted  that  prices  per  bushel  vary  greatly 
in  different  States.  For  example  in  Vermont  and  Massachusetts 
they  have  usually  been  considerably  higher  than  in  Virginia  and 
Washington.  This  may  be  explained  chiefly  by  location  with  respect 
to  markets  and  by  the  fact  that  Mcintosh,  a  high-priced  variety,  is 
produced  by  many  growers  in  New  England.  In  many  States  where 
apples  are  not  grown  in  large  quantities  prices  have  exceeded  those  in 
leading  commercial  States.  Yields  and  costs  as  well  as  prices  deter- 
mine the  net  returns. 
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Table  30. —  Weighted  average  price  of  apples   per   bushel  to  growers,   by  States, 

1928-33 


Region  and  State 


Crop  of— 


1930 


1931 


1932 


Xorth  Atlantic: 

Maine 

New  Hampshire 

Vermont 

Massachusetts., 
Rhode  Island-.. 

Connecticut 

New  York 

New  Jersey 

Pennsylvania 

North  Central: 

Ohio 

Indiana 

Illinois 

Michigan 

Wisconsin 

Minnesota 

Iowa 

Missouri 

South  Dakota... 

Nebraska 

Kansas 

South  Atlantic: 

Delaware 

Maryland 

Virginia 

West  Virginia.  _- 
North  Carolina. 
South  Carolina.  . 
Georgia 

South  Central: 

Kentucky 

Tennessee 

Alabama 

Mississippi 

Arkansas 

Louisiana 

Oklahoma— 

Texas 

Western: 

Montana 

Idaho 

Wyoming 

Colorado 

New  Mexico 

Arizona 

Utah— 

Nevada 

Washington 

Oregon 

California 


$0.96 
1.35 
1.51 
1.65 
2.01 
2.04 
1.51 
1.74 
1.63 

1.85 
1.66 
1.76 
1.34 
1.31 
1.34 
1.58 
1.42 
2.02 
1.18 
1.50 

1.54 
1.27 
1.15 
1.30 
1.11 
1.53 
1.44 

1.38 
1.49 
1.58 
1.43 
1.20 
1.45 
1.26 
1.31 

1.49 
1.13 
1.58 
1.11 
1.47 
2.09 
1.19 
1.60 
1.35 
1.18 
1.51 


B0. 85 
.95 
1.34 
.90 
1.13 
1.16 
.99 
1.17 
1.06 

1.35 
1.63 
1.47 
.99 
1.41 
1.57 
1.64 
1.38 
1.87 
1.59 
1.66 

1.12 
1.04 
1.05 
1.10 
1.02 
1.3- 
1.31 

1.34 

1.65 
1.31 
1.32 
1.15 
1.40 
1.55 
1.36 

1.15 
.88 

1.50 
.86 

1.42 

2.13 
.87 

1.42 
.96 
.76 
.70 


$0.87 
1.03 
1.10 
1.20 
1.24 
1.28 
.82 
.96 
.62 

.50 
.62 
.66 
.54 
.86 
.86 
.93 
.59 
1.41 
.95 
.85 

.63 
.56 
.47 

.44 
.55 
.95 

.78 

.50 
1.20 


.54 

.95 
.74 
.93 

1.01 
.54 

1.85 
.61 
.78 

1.68 
.86 

1.57 
.70 
.53 
.80 


$0 


.64 
.76 
.80 
.65 
.64 
.79 
.72 
.93 
.83 
.63 
.97 


.62 
.72 
.97 
.82 

.81 
.87 
.92 

1.03 
.63 

1.05 
.66 
.92 


.83 
.42 
.79 
1.41 
.49 
.88 
.53 
.46 
.64 


$0.67 
.72 
.95 
.73 
.85 
.95 
.79 
.91 
.87 

.92 
.97 


.76 
.70 
.91 
.71 
1.29 
.98 
.84 

.78 
.74 
.59 
.66 
.67 
.96 
.78 

.70 

.88 

.90 
1.03 

.71 
1.16 

.78 
1.06 

.78 


.57 
1.15 
1.60 

.90 
1.05 


»  Preliminary. 

Compiled  by  Division  of  Crop  and  Livestock  Estimates. 

In  marketing  intelligently  a  grower  or  shipper  must  consider  the 
seasonal  price  trends.  The  question  as  to  whether  it  is  advisable  to 
sell  at  harvest  time  or  store  and  sell  later  in  the  season  is  a  question 
which  must  be  decided  by  those  who  control  the  marketing  of  a  crop. 
Monthly  apple  prices  for  the  United  States  are  shown  for  the  11 
seasons  beginning  with  1923  in  table  31. 
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Table  31. — Price  of  apples  per  bushel  received  by  producers,  by  months,   United 
States,  June  1923,  to  May  1934 


Crop  year 

June 
15 

July 
15 

Aug. 
15 

Sept. 
15 

Oct. 
15 

Nov. 
15 

Dec. 

15 

Jan. 
15 

Feb. 

15 

Mar. 
15 

Apr. 
15 

May 
15 

Weight- 
ed av- 
erage i 

1923-24 

Cents 
188.6 
159.3 
201.4 
168.7 
140.0 
188.7 
153.1 
173.6 
131.5 
92.1 
88.7 

Cents 
166.7 
141.3 
158.7 
133.8 
144.4 
156.0 
160.5 
144.8 
107.9 
86.2 
86.9 

Cents 
121.4 
121.6 
130.7 
103.8 
135.8 
105.5 
138.9 
106.3 
77.4 
65.1 
7,7 

Cents 
108.0 
109.8 
112.5 
88.4 
130.7 
96.6 
131.0 
103.2 
70.7 
57.4 
72.8 

Cents 
114.0 
115.9 
120.5 
80.2 
134.7 
99.4 
137.9 
98.4 
58.9 
57.2 
70.3 

Cents 
114.6 
119.5 
127.7 
81.6 
141.8 
107.9 
135.6 
96.7 
61.3 
57.1 
73.1 

Cents 
114.0 
128.2 
137.4 
87.7 
152.4 
118.5 
143.4 
98.8 
64.7 
61.7 
80.0 

Cents 
121.3 
144.9 
146.3 
97.3 
161.7 
124.1 
148.3 
103.8 
66.4 
65.1 
89.4 

Cents 
125.0 
150.7 
146.3 
98.8 
168.3 
129.9 
154.0 
106.0 
66.4 
66.3 
97.0 

Cents 
129.1 
155.4 
139.8 
100.0 
177.0 
134.1 
155.2 
105.5 
71.2 
70.3 
103.6 

Cents 
129.4 
158.4 
143.2 
103.8 
183.3 
133.5 
159.9 
117.1 
79.2 
78.6 
109.0 

Cents 
131.3 
179.2 
148.2 
113.5 
190.6 
147.9 
168.2 
121.9 
82.7 
84.9 
113.7 

Cents 
117.4 

1924-25 

1925-26 

1926-27.. .    

123.8 
128.5 
89  4 

1927-28 

145.0 

1928-29 

109.5 

1929-30. . 

141  5 

1930-31.. 

103  7 

1931-32 

1932-33 

1933-34 

67.3 

63.1 

2  79.9 

1  Revised  from  1924  to  conform  to  the  13-month  marketing  season. 

2  Preliminary. 

Compiled  by  Division  of  Crop  and  Livestock  Estimates. 

In  every  instance  prices  have  been  higher  on  March  15  than  on 
October  15  and  have  averaged  22  percent  higher  (table  31).  The 
greatest  price  rise  from  October  to  March  was  in  1927-28  with  42.3 
cents  per  bushel,  followed  by  39.5  cents  in  1924-25  and  34.7  cents  in 
1928-29.  In  1930-31,  when  the  general  price  level  was  declining  the 
ni crease  was  only  7.1  cents.  The  price  trend  during  the  season  does 
not  have  a  direct  relation  to  the  size  of  the  crop  although  with  demand 
conditions  constant  the  rise  in  price  is  likely  to  be  greater  in  snort- 
crop  years.  The  trend  through  the  season  depends  on  various  fac- 
tors. Speculative  buying  tends  to  discount  conditions  and  prices 
during  the  latter  part  of  the  season.  The  quantity  of  apples  in  cold 
storage  December  1,  is  the  chief  factor  in  determining  the  course  of 
prices  during  the  remainder  of  the  season.  By  studying  seasonal 
prices  and  trends  during  the  last  decade  and  comparing  the  estimated 
size  of  the  crop  and  other  factors,  growers  and  shippers  will  be  in  a 
better  position  to  market  the  crop  efficiently. 

One  reason  why  average  prices  are  lower  in  the  fall  than  in  the 
spring  is  of  course  the  costs  and  risk  of  storing.  Further,  it  is  prob- 
able that  only  apples  of  the  better  grades  are  stored  and  sales  in  the 
fall  of  the  poorer  stock  would  result  in  somewhat  lower  average 
prices. 

Because  of  the  large  difference  in  prices  among  varieties  and  pro- 
ducing districts  growers  should  take  into  consideration  other  factors 
in  addition  to  the  size  of  the  United  States  total  and  commercial 
crops  in  determining  when  to  sell  or  at  what  price  to  sell.  The  effect 
on  apple  prices  of  various  factors  as  variety,  grade,  size  of  fruit,  con- 
tainers, etc.,  is  discussed  in  United  States  Department  of  Agriculture 
Circular  91  (S). 

PRICES  IN  PRODUCING  DISTRICTS 

That  growers  and  shippers  may  have  at  hand  for  comparison  and 
guidance  a  convenient  record  of  prices  in  leading  producing  districts 
over  a  period  of  years,  tables  32,  33,  34,  and  35,  covering  shipping- 
point  prices  are  included.  These  tables  show  the  prices  or  range  in 
f.  o.  b.  prices  at  shipping  points  in  western  New  York,  in  the  Cum- 
berland-Shenandoah area,  in  Michigan,  and  in  the  Northwestern 
States  from  1928  to  1933.  The  prices  are  for  leading  varieties  by 
month  and  by  container. 
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Since  leading  varieties  differ  with  the  different  districts  it  is  diffi- 
cult to  make  comparisons  among  the  districts.  A  casual  observation 
of  prices  of  bushel  baskets  as  compared  with  barrels  for  the  same 
variety  indicates  that  the  baskets  usually  sell  for  somewhat  more 
than  one-third  of  the  price  of  barrels. 

In  western  New  York,  Baldwins  and  Rhode  Island  Greenings  often 
sell  at  approximately  the  same  price,  but  in  some  seasons  one  or  the 
other  sells  slightly  higher  depending  on  production  and  marketing 
conditions  (table  32). 


Table  32. — Price  of  apples  at  western  New  York  shipping  points,  f.  o.  b.   U.  S. 


No.  1  grade, 
to  19S2-88 


[/z  inches  and  up,  by  variety  and  container,  arid  by  months,  1928-29 


and  month 


September. 

October 

November. 
December- 
January 

February.. 

March 

April 

May 


1928-29 


1929-30 


September. 

October 

November . 
December- 
January..-. 
February.. 

March 

April 

May 


September. 

October 

November . 
December. 

January 

February.. 

March 

April 

May 


1930-31 


1931-32 


September. 

October 

November  . 
December.. 

January 

February.. 

March 

April 

May.. 


September . 

October 

November . 
December  . 
January... 
February.. 

March 

April 

May 


1932-33 


Barrels 


Baldwin 


$4.50 
$4.  50-  4.  65 

4.  75-  5.  10 

5.  00-  5.  40 
5.  00-  5.  50 
5.  00-  5.  50 
5.  00-  5.  25 
5.  00-  5.  25 


5.  75-  6.  00 

5.75 

5.  50-  5.  75 

5.  40-  5.  75 

5.  50-  6.  25 

6.  00-  6.  25 


3.  75-  4.  25 

4.  00-  4.  50 
4.  75-  5.  00 

4.50 
4.  25-  4.  50 
4.  50-  5.  10 


2.75 
2.50 
2.50 


2.  50-  3.  50 
3.00-  3.45 


2.  40-  2.  75 
3.50 
3.25 


Rhode 

Island 

Greening 


$4.  60-$4.  75 
5.  00-  5.  25 
5.  00-  5.  50 
5.  00-  5.  25 
5.  00-  5.  25 
4.  75-  5.  25 


75-  7.  00 
7.00 


3.50 

3.  50-  3.  80 

4.  50-  4.  75 
4.  50-  4.  80 
3.  50-  4.  10 


3.50 

2.  65-  3.  50 

3.75 

3.  85-  4.  00 
3.  85-  4.  00 


1.  90-  2.  25 

2.  00-  2.  50 
2.  30-  2.  50 
2.  10-  2.  35 
1.70-  2.  15 
1.  85-  2.  00 

2.00 


Ben  Davis 


$4.  50-$5.  25 
4.  50-  4.  60 
4.  75-  5.  00 


4.15 
4.  25-  4.  35 


$1.  35-$  1.  50 
1.  35-  1.  55 
1.  40-  1.  65 
1.  65-  1.  75 
1.  65-  1.  90 
1.  75-  2.  00 
1.  70-  1.  85 
1.  85-  2.  10 


1.  65-  1.  75 
1.  65-  1.  85 
1.  65-  2.  00 
1.70-2.00 
1.80-  2.00 
1.  85-  2.  10 

1.  90-  2.  10 

2.  00-  2.  25 
2.  00-  2.  25 


3.  60-  4.  25 

3.  85-  4.  45 

4.80 

4.  25-  4.  75 


2.25 


2.00 

2.  00-  2.  25 

2.40 


1.90-2.00 
2.00 


Bushel  baskets 


Baldwin 


1.  25-  1.  35 
1.  30-  1.  55 
1.  40-  1.  55 
1.  45-  1.  50 
1.  40-  1.  50 
1.  40-  1.  90 
1.  75-  1.  95 
1.  75-  2.  00 


.75-  .95 
.85-  .90 
.  70-  1. 10 
.  70-  1. 05 
.80-  .95 
.  90-  1.  15 
1.  05-  1.  20 
1.  10-  1.  25 


.85-  1.00 
.  85-  1. 10 
.  90-  1.  20 
1.00 
1.00-  1.15 
1.10-  1.15 
.90-1.20 
.80-1.00 


Rhode 

Island 

Greening 


$1.  35-$l.  50 
1.  40-  1.  50 
1.  55-  1.  75 
1.  60-  1.  85 
1.  55-  1.  75 
1.  55-  1.  75 
1.  50-  1.  75 


2.  10-  2.  25 
2.  00-  2.  25 
2.  00-  2.  50 
2.  25-  2.  50 
2.  00-  2.  40 
2.  20-  2.  25 


1.10-  1.25 

1.  10-  1.30 

1.  20-  1.  35 

1.25-  1.35 

1.20-  1.35 

1.  15-  1.30 

1.  10-  1.20 


.  80-  1.  00 
.  85-  1.  25 
1.  25-  1.  50 
1.  20-  1.  50 
1.10-  1.35 
1.00-1.20 


.60-  .70 

.5.5-  .80 

.60-  .80 

.65-  .80 

.60-  .80 

.6.5-  .75 

.7ft-  .85 


Wealthy 


$1. 15-$1.  35 

1.  25-  1.  40 

1.50 


1.  70-  1.  85 
1.  75-  2.  00 


1.00-  1.30 
1.  10-  1.  25 


60- 
75- 


60- 
70- 

75- 
70- 
70- 


.80 
.80 
.85 
.85 
.75 
.75 
.80 
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Table  33. — Price  of  apples  at  Cumberland-Shenandoah  area  shipping  points, 
f.o.  b.,  U.  S.  No.  1  grade,  2x/i  inches  and  up,  by  variety  and  container,  and  by 
months  during  autumn,  1928-33 


Barrels 

Bushel  baskets 

Year  and  month 

Ben  Davis 

Stayman 
Winesap 

York 
Imperial 

Delicious 

Grimes 
Golden 

Stayman 
Winesap 

1928 
September,.      . 

$3.25 
$2.  75-  3.  65 

$3.  35-$3.  50 

3.  25-  3.  60 

3.65 

6.25 

$3.50 

$3.  25-  3.  50 

3.45 

4.50 
4.  50-  4.  60 

4.25 
4. 00-  4.  25 

2.50 
2.  00-  2.  50 
2.  00-  2.  80 

2.25 

2.  50-  2.  60 

2.  10-  2.  65 

2.  40-  3.  00 

3.00 

3.00 
2.  65-  3.  00 
2.  90-  3.  00 

3.85 

$1.  60-$l.  75 
1.  60-  1.  75 

$1.  00-$1.  15 
1. 10-  1.  40 

$1. 10~$1.  15 
1. 10-  1.  40 
1  25-  1  40 

October 

November 

1929 
September 

5.00 

2.  50-  2.  75 
2.50 

1.75 
1.85 

1.00-  1.35 

.80-  1.  25 

1.  25-  1. 35 

1.20 

1.00-  1.15 

1.00-1.20 

1.  05-  1.  25 

1.25 

1.35-  1.45 

1.  70-  1.  75 
1. 90-  2. 10 

October . 

2  00-  2  35 

1930 
September 

October.    ..    .  .  ... 

4.  25-  4.  50 

1  30-  1  50 

1931 
September ! 

.65-    .75 

.60-    .90 

.90 

90 

October 

2.  25-  2.  45 
2.  25-  2.  45 

65-      85 

November 

75-  1  10 

December ..  .. 

1.00-  1  10 

1932 
September...  . 

October ... 

2.  90-  3.  00 

.95-  1  05 

November 

.  95-  1.  25 

December 

1. 15-  1  25 

1933 
September.. 

1  15 

October 

1.00-  1.25 

November .. 

1. 15-  1.40 

December..    .  

1.35-  1.40 

Table  34. — Price  of  apples  at  Michigan  shipping  points,  bushel  baskets,  f.  o.  b., 
Michigan  State  A  grade  2x/i  inches  and  up,  by  variety,  and  by  months  during  late 
summer  and  autumn,  1928-33 


Year  and  month 

Wealthy 

Jonathan 

Mcintosh 

Baldwin 

September.  . 

1928 

$1.25 
1.25 

$2.  25-$2.  35 
2.25 

October. 

$1.35-$1.60 
1.40 

$1.  SO 

August. . 

1929 

$1.  85-  2. 00 

1.  75-  2.  00 

1.75 

September..                               .     

2.35 
1. 90-  2.  10 

2.50 
2.  25-  2.  50 

$1.65-  1.75 

October...  .. 

1.  65-  1.  75 

.November. 

1.75 

1930 

1.  35-  1.  45 

1.  25-  1.  40 

1.25 

.00-    .80 

September                                      

1.50-  1.60 
1.40-  1.60 

1.  50-  1.  65 
1.  50-  1.  65 

1.  25-  1.  30 
1.  25-  1.  55 
1.  75-  2.  00 

October 

1.50-  1.75 

September 

1931 

October. 

.75-    .90 

November 

.85-1.00 

1.85-    .90 

September 

1932 

.  75-  1.  CO 

1.  10 
1.05-  1.15 
1.00-  1.15 

1.00-1.25 

1.05-  1.25 

1.15 

1.00-  1.10 
.85-  1.  10 

October                                                        .  .     -- 

.90-  1.  15 

1.00 

September 

1933 

.85-1.00 

.90-  1.10 

1.10 

1. 10-  1.  25 

October..                                           ..  

.85-    .90 

.90 

.85-    .95 

1  Average  to  Dec.  11. 
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Table  35. — Price  of  apples  at  northwestern  shipping  points,  f.  o.  b.,  boxes,  Extra 
Fancy  grade,   medium   to  large  size,   by  variety,   and  by   months,   1928-29   to 
•     1932-83 


Year  and  month 

Delicious 

Jonathan 

Rome 
Beauty  * 

Esopus 
Spitzenburg 

Winesap 

1928-29 
August _.     

$2.00 
$1. 90-  2. 10 
1. 90-  2.  10 
1.  90-  2.  25 
2. 15-  2.  60 
3. 10-  3.  50 
3.  25-  3.  50 
3.  65-  3.  70 

$1.25 

$1.10-  1.35 

1.  00-  1.  25 

1.  10-  1.  25 

1.  25-  1.  50 

$1.  20-$l.  40 
1. 20-  1. 45 
1.  25-  1.  50 
1.  25-  1.  60 
1.35-  1.65 

1.  90-  2.  25 

2.  00-  2.  35 
2. 10-  2.  50 
2.  25-  2.  50 

$1. 45-$l.  50 

1.50 

1.  50-  1.  60 

1.  50-  1.  60 

1.50-  1.65 

$1. 40-$l.  50 

September .     _ 

October. .  . 

1.  50-  1. 60 

November-..  ...     . 

December .. 

1  50-  1  75 

January ...  . 

2.  40-  2.  65 

February 

2.  35-  2.  75 

March.  . . 

2  50-  2  85 

April 

2.  35-  2.  85 

May _ 

2.  00-  2  40 

1929-30 
August..  .  .. ..  . 

2.  35-  2.  75 
2.  25-  2.  80 
2.  40-  2.  75 
2.  55-  2.  90 
2.  75-  3.  00 
2.  40-  2.  65 
2.  40-  3.  00 
2.  90-  3.  20 

1.  65-  1.  85 
1.  60-  2.  25 
1.  75-  2.  25 
1.  75-  2.  10 
1.  75-  2.  00 

1.  50-  1.  75 
1.  50-  2.  00 
1.60-  2.15 
1.  75-  2. 15 
1.  75-  2.  10 
1.  35-  1.  70 
1. 40-  1.  75 
1. 40-  1.  75 
1.  50-  1.  65 

1.95-  2.10 
1. 85-  2.  25 
2. 10-  2.  50 
2.  35-  2.  50 
2.  25-  2.  60 
1.  55-  1.  65 
1.  60-  1.  65 

1  75-  1  90 

September . 

1  70-  1  90 

October . 

1  75-  2  15 

November,    . 

1  75-  2  00 

December.  . 

1  75-  2  05 

January.. .  ..     . 

1  50-  1  85 

February ..... 

1  55-  1  85 

March    

1.  65-  2. 10 

April 

1.  85-  2.  00 

May 

2  00-  2.  65 

1930-31 

August 

September 

October .  . 

2. 00-  2.  25 
1.  90-  2.  35 
1.  75-  2.  25 
1.  65-  2.  15 

1.  65-  2.  15 

2.  75-  3.  00 
2.  75-  3.  00 
2.  75-  3.  00 
2.  90-  3. 10 

1.  25-  1.  35 
1.  10-  1.  35 
1.00-  1.35 
1.  00-  1.  35 
.90-  1.60 

1.  35-  1.  50 
1.  45-  1.  65 
1.  25-  1.  50 
1. 10-  1.  50 
.  80-  1.  35 
1.  60-  2.  10 
1.  65-  2.  10 
1.  75-  1.  90 
1. 80-  1.  85 

1.  50-  1.  60 
1.  45-  1.  60 
1.  30-  1.  50 
1.  35-  1.  50 
1.  30-  1.  50 

1.40-  1.65 
1.35-  1.60 
1  30-  1  60 

November  ..  

1  20-  1  55 

December ' 

1  35-  1.  65 

January 

1.  75-  2.  00 

February  ........... 

1.  80-  2.  00 

March    .    .      ._  .  .  . 

1.  75-  2.  00 

April 

1.  90-  2. 10 

May 

1. 85-  2.  25 

1931-32 
August 

1.  40-  1.  75 
1.  35-  1.  65 
1.  35-  1.  50 

1.  35-  1.  60 
1.  65-  2.  15 
1.  50-  2.  00 
1.  55-  1.  95 
1.  50-  1.  90 
1.  60-  1.  75 

1.35-  1.60 
1.  20-  1.  60 
1.  25-  2.  00 
1.  70-  2.  00 
1.  50-  1.  90 

.  90-  1.  25 
.  90-  1.  25 
.75-  1.  00 

.  75-  1.  00 

1.  40-  1.  75 

1.60 

1.  00-  1.  25 
1.  00-  1. 15 
.  80-  1.  15 

.  75-  1.  10 
.  75-  1.  25 
.  75-  1.  30 
.  85-  1.  40 
1.15-  1.45 
1.30-  1.50 

.60-    .95 
.60-    .70 
.55-    .85 
.65-    .85 
.45-    .75 

1.  25-  1.  30 

1.25 

.90-1.15 

.  90-  1.  25 

1.25-  1.50 

1.35 

.  95-  1.  35 
1.05-  1.25 

October .  ..  ...     . 

1.  00-  1.  25 

1  00-  1.  25 

December  _ 

.90-  1.20 

January 

1.  20-  1.  65 

February 

1.  20-  1.  55 

March 

1.  20-  1.  65 

April ..     .  . 

1.20 

1.40-  1.75 

May ...  ...    ....    . 

1. 40-  1.  75 

1932-33  « 
January .  . 

.50-    .90 

1.00-  1.10 

.  70-  1. 10 

February .  .       .  .. 

.65-    .90 

March  .. 

.65-  1.05 

April 

.  75-  1.  10 

May 

.  50-    .  92^ 

1  Medium  to  very  large  sizes. 

2  Reports  starting  in  January. 


In  the  Cumberland-Shenandoah  area,  the  Delicious  has  brought 
relatively  high  prices.  In  studying  returns  to  growers  on  different 
varieties,  yields  as  well  as  price  per  unit  must  be  considered.  The 
York  Imperial  is  a  leading  variety  in  this  area  and  a  heavy  producer, 
and  its  price  has  compared  fairly  well  with  other  varieties  (table  33). 

In  Michigan  in  1928  and  1929  Mcintosh  brought  higher  prices  than 
other  varieties,  but  since  then  this  has  not  been  the  case  (table  34). 

Prices  of  Delicious  at  northwestern  shipping  points  usually  have 
been  higher  than  prices  of  most  other  varieties.  Esopus  Spitzenburg, 
too,  has  frequently  brought  a  premium  over  some  of  the  other  varieties 
(table  35). 
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CITY-MARKET  PRICES 

Wholesale  prices  of  certain  varieties  of  apples  in  New  York  City 
and  Chicago  for  1928-29  to  1932-33  are  shown  in  tables  36  to  40. 
In  1928-29  Mcintosh  averaged  $9.39  per  barrel  in  New  York  com- 
pared with  $5.25  each  for  Baldwin  and  Khode  Island  Greening.  In 
later  years  the  premium  on  Mcintosh  has  been  less  (tables  36  and  37). 

In  the  case  of  western  boxed  apples  sold  at  auction  in  New  York, 
Mcintosh  has  usually  averaged  less  than  Delicious  in  the  season's 
sales.  Yellow  Newtown,  and  even  Winesap,  has  at  times  out-sold 
Mcintosh  (table  38). 

The  tabulation  of  prices  of  boxes  and  bushel  baskets  on  the  Chicago 
market  affords  a  means  of  comparison  of  prices  of  apples  of  the  same 
variety  in  these  packages.  The  boxed  apples  are,  of  course,  western 
apples,  whereas  the  baskets  are  mostly  from  mid  western  districts. 
In  practically  all  instances  the  price  of  boxes  of  apples  has  averaged 
higher  than  the  price  of  bushel  baskets  (tables  39  and  40). 

Table  36. — Average  price  of  apples  to  jobbers  per  barrel  in  less-than-carload  lots 
specified  varieties,  by  months,  New  York  City,  1928-29  to  1932-33 


Variety  and  crop  season 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

$5.83 
5.86 
5.95 
3.53 

Aver- 
age 

Baldwin: 

1928-29 

$5.16 
5.74 
3.44 

i$5.19 
5.72 
4.22 
3.12 

'$5.30 
5.43 
4.24 
2.66 

i  $5.  12 
5.49 
4.59 
2.66 
2.94 

9.58 
9.53 
5.39 
5.82 
3.48 

5.40 

6.70 
3.84 
3.47 
2.28 

$5.16 
5.60 
5.18 
3.11 
3.04 

9.10 

$5.00 
6.34 
5.56 
3.59 
2.69 

$5.25 

1929-30 

5.74 

1930-31 - 

4.74 

1931-32 

3.11 

1932-33 

2.89 

Mcintosh  (New  York  State): 
1928-29 

$7.77 
7.76 

10.08 
8.57 
6.15 
5.81 
3.62 

5.42 

7.05 
3.51 
3.92 
2.55 

10.03 
8.71 
5.62 
5.86 
3.21 

5.22 
6.84 
4.08 
3.98 
2.34 

9.80 
8.80 
5.22 
5.70 
3.39 

5.16 
6.34 
3.96 
3.49 
2.22 

9.39 

1929-30 

$8.47 

8.64 

1930-31 

6.06 

6.11 

5.76 

1931-32 

4.33 

5.20 

5.45 

1932-33 

3.73 
5.20 

3.49 

Rhode  Island  Greening: 
1928-29 

5.12 

6.10 

'3.46 

5.25 

1929-30- 

6.61 

1930-31-. 

4.82 
3.78 
2.77 

3.94 

1931-32 

3.73 

1932-33 

2.43 

•  Less  than  10  quotations. 

Compiled  by  Division  of  Statistical  and  Historical  Research. 
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Table  37. — Average  price  of  apples  to  jobbers  per  bushel  basket,  in  less-than-carload 
lots,  specified  varieties,  by  months,  New  York  City,  1928-29  to  1932-83 


Variety  and  crop  season 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Aver- 
age 

Baldwin: 

1928-29 

$1.62 
1.91 

U.59 
1.06 

2.76 
3.54 
1.97 
2.11 
1.25 

1.73 
2.44 
1.64 
1.23 
.93 

$1.78 

12.02 

2.00 

1.23 

1.09 

3.02 
4.25 
2.13 
2.12 
1.53 

1.60 

$2.  02 

$1.  81 
1.93 

1929-30 

$1.80 
1.14 

$2.02 
1.25 

.82 
1.72 

$1.93 

i  1.36 

1.91 

1.08 

$1.89 

i  1.53 

.93 

U.U 

2.79 
2.76 
1.60 

'\.l¥ 

1.62 
2.25 
1.36 
1.07 

.75 

1930-31 

'$1.  19 

12.09 
1.19 
1.02 

•$"l"04 

1  52 

1931-32 

1  02 

1932-33. 

1.85 

3.10 
2.59 
1.72 
1.78 
1.18 

1.72 
2.07 
1.17 
1.28 
.76 

Mcintosh  (New  York 
State): 
1928-29 

$2.76 
2.98 
1.62 
1.38 
1.06 

1.76 
2.19 
1.09 

2.78 
2.45 
1.67 
1.70 
1.13 

1.54 
2.22 
1.06 
1.08 
.72 

2.87 

1929-30 

2.57 
1.64 
1.79 
1.10 

1.56 
2.19 
1.33 
1.26 

.78 

2.58 
1.53 
1.85 
1.15 

1.79 
2.20 
1.28 
1.16 
.71 

2.96 

1930-31... 

i  2.53 
1.76 

1.82 
1  81 

1931-32... 

1932-33 

1. 19 

Rhode  Island  Green- 
ing: 

1928-29 

1.66 

1929-30 

2.22 

1930-31 

1.28 

1931-32... 

1.18 

1932-33 

1.27 

.85 

i  Less  than  10  quotations. 

Compiled  by  Division  of  Statistical  and  Historical  Research. 


Table  38.- 


Weighted  average  auction  price  of  apples  per  box,  New  York  City,  by 
months  and  varieties,  1928-29  to  1932-33 


Variety  and  crop  season 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aver- 
age 

Delicious: 

1928-29 

1929-30. 

$2.78 
3.35 
2.70 
2.38 
2.12 

2.30 
2.85 
2.23 
1.65 
1.99 

2.59 
2.86 
1.75 
1.61 
1.65 

2.70 
3.17 
2.27 
2.35 

1.68 

$2.51 
3.30 
2.49 
2.09 
1.71 

1.77 
2.78 
1.80 
1.46 
1.40 

2.11 
2.38 
2.02 
1.92 
1.35 

2.10 
2.71 
1.98 
1.76 
1.52 

$2.49 
3.13 
2.56 
2.06 
1.64 

1.89 
2.45 
1.82 
1.24 
1.36 

2.06 
2.41 
1.96 
2.04 
1.29 

1.94 
2.35 
1.79 
1.54 
1.30 

1.70 
2.64 
2.15 
1.78 
1.35 

2.23 
2.97 
2.79 
1.96 
1.41 

$2.75 
3.21 
2.58 
2.12 
1.61 

1.97 
1.94 
1.69 
1.18 
1.15 

1.99 
2.42 
1.84 
1.96 
1.32 

2.05 
2.42 
1.70 
1.51 
1.39 

2.26 
2.61 
2.16 
1.77 
1.49 

2.20 
2.32 
1.84 
1.80 
1.32 

$2.  81 
3.23 
2.51 
1.88 
1.44 

2.03 
2.27 
1.77 
1.15 
1.09 

2.16 
2.61 
1.70 
1.82 
1.25 

2.07 
2.41 

1.68 
1.42 
1.32 

2.41 
2.61 
2.13 
1.52 
1.38 

1.94 
2.73 
1.95 
1.38 
1.25 

$3.10 
3.33 
2.40 
2.05 
1.44 

2.39 
2.00 

$3.37 
3.36 
2.39 
2.09 
1.58 

$3.24 
3.58 
2.41 
2.26 
1.94 

$3.29 
3.48 
2.45 
1.94 
1.92 

$3.80 
3.63 
2.03 
1.70 
1.79 

$2."04~ 
1.88 

~".~80~ 

$2.86 
3.  31 

1930-31 

2.M 

1931-32 

1932-33 

Jonathan: 

1928-29..     . 

2.07 
1.63 

1.92 

1929-30.. 

2.02 

1.76 

2.64 

1930-31.. 

1.86 

1931-32 

1.05 

2.34 
2.81 
1.78 
1.84 
1.16 

2.11 
2.40 
1.76 
1.36 
1.28 

2.44 
2.63 
2.00 
1.47 
1.36 

2.25 
2.74 
1.87 
1.62 
1.27 

.88 
.50 

2.19 
3.26 
2.01 
2.05 
1.16 

2.14 
2.37 
1.89 
1.38 
1.18 

2.53 
2.43 
2.16 
1.53 
1.31 

2.25 

2.90 
1.99 
1.70 
1.31 

1.30 
.80 

2.30 
3.63 
2.33 
2.05 
1.23 

2.20 
2.80 
1.99 
1.39 
1.21 

2.46 
2.64 
2.23 
1.60 
1.52 

2.50 
2.83 
2.11 

1.88 
1.48 

~~70" 

2.83 
3.55 
2.60 
1.99 
1.43 

2.61 
2.54 
2.07 
1.30 
1.28 

3.10 
2.67 
2.27 
1.42 
1.45 

2.92 

2.98 
2.32 
2.06 
1.70 



1.39 

1 932-33. _. 

1.46 

Mcintosh: 

1928-29 

2.  16 

1929-30 

2.68 

1930-31 

1.92 

1931-32 

1932-33... 

Rome  Beauty: 

1928-29 

1929-30... 

1930-31 

2.36 
1.96 

2.74 
2.61 
1.88 
1.26 
1.38 

3.68 
3.01 
2.08 
1.52 
1.60 

3.50 
3.04 
2.49 
2.08 
2.19 

"1.29" 
.81 

4.33 
3.13 
2.09 
1.48 
1.73 

3.58 
2.88 

"i.24" 
2.48 

1.97 
1.31 

2  12 
2.49 
1.84 

1931-32 

1.44 

1932-33 

Winesap:  • 

1928-29 

1.30 
2.77 

1929-30 

2.67 

1930-31 

2.14 

1931-32 

1.52 

1.53 

1932-33 

1.50 

Yellow  Newtown: 
1928-29  

2.06 

2.82 

1929-30. . . 

2.93 

1 930-31 

2.04 

1.84 
1.62 

2.24 

1931-32. 

1932-33.. 

1.94 
1.76 

i  Average  for  the  season  includes  a  price  in  August  as  follows:  1927-28,  $0.79;  1930-31,  $1.78;  1931-32,  $0.94; 
1932-33,  $1.55. 

Compiled  by  Division  of  Statistical  and  Historical  Research. 
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Table  39. — Average  price  of  apples  to  jobbers  per  bushel  in  less-than-carload  lots, 
specified  varieties,  by  months,  Chicago,  1928-29  to  1932-83 


Variety  and  crop  season 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Aver- 
age 

Baldwin: 

1928-29 

$1.51 
1.98 
1.42 

1.82 

$1.  51 

1929-30 

$2.10 
1.44 
.86 
.99 

~i~2  88~ 
2.04 
1.53 
1.25 

2.00 
2.62 
1.52 
1.36 
.95 

$2.28 
1.51 
1.97 

$2.45 
1.63 
1.10 

$2.  27 
1.84 
1. 11 
1.20 

$2.41 
2.05 
1.27 
1.17 

$2.  79 
2.12 
1.20 
1.00 

2  33 

1930-31 

1.72 

1931-32 

1.05 

1932-33 

1  09 

Delicious: 

1928-29 

i$1.97 

12.25 

2.38 

2.20 

1929-30 

i  2.88 

1930-31 

$2.48 
i  1.12 

2.08 
1.20 
1.31 

1.73 
2.33 
1.42 
1.11 

.87 

1.93 
1.34 
1.23 

1.87 
2.52 
1.42 
1.32 
.95 

2.18 
1.51 

2.20 
1.55 

2.08 
1.60 

2.14 

1931-32 

1.41 

1932-33 

1.26 

Rhode  Island  Greening: 
1928-29 

2.04 
2.69 
1.52 
1.32 
.93 

2.12 
2.83 
1.52 
1.27 
.90 

2.02 
2.59 
1.67 
1.12 
.93 

1.88 

1.95 

1929-30 

2.60 

1930-31 

1.55 

U.88 

1 .  66 

1931-32 

1.25 

1932-33 

.99 

1.35 
2.  as 
1.61 

.93 

Grimes  Golden:3 

1928-29 

1.35 

1929-30 

1.70 
1.60 
.79 

1.56 
2.24 
1.71 

1.86 

1930-31 

1.62 

.80 

1.93 
2.38 
1.66 
1.12 
1.22 

2.82 
1.70 
1.42 
1.25 

i  1.62 
.74 

2.09 
2.42 
1.75 
1.30 
1.28 

2.71 
1.81 
1.77 
1.34 

1.61 

1931-32 

.70 

2.17 
2.58 
1.75 
1.21 
1.20 

2.65 
1.97 

.70 

.75 

Jonathan: 

1928-29 

1.57 
2.52 

1.87 

1.86 

1929-30 

2.53 
2.24 

2.50 
2.11 

2.45 

1930-31 

1.87 

1931-32 

1.21 

1932-33 

1.24 

1.21 

1.20 

2.50 
2.21 

11.48 

2.49 
2.16 

1.26 

Mcintosh:* 

1929-30 

2.63 

1930-31... 

1.52 

1.63 
1.14 
1.02 

12.50 

1.94 

1931-32 

1.44 

1932-33 

.99 

1.22 

1.22 

1.88 
1.68 
1.16 

1.26 

2.10 

1.76 

U.20 

1.26 

1.19 

Winesap:8 

1928-29 

2.19 
2.06 

2.06 

1930-31 

1.68 
.93 

1.70 

1.78 

1931-32 

1.10 

1932-33. 

1.41 

1.45 

1.37 

1  Less  than  10  quotations. 

2  No  price  statistics  available  on  Grimes  Golden  in  1932-33,  on  Mcintosh  in  1928-29,  and  on  Winesap  in 
1929-30. 

Division  of  Statistical  and  Historical  Research.    Compiled  from  reports  of  the  Division  of  Fruits  and 
Vegetables. 

Table  40. — Average  price  of  apples  to  jobbers,  per  box,  medium  to  large  sizes,  in 
less-than-carload  lots,  specified  varieties,  by  months,  Chicago,  1928-29  to  1932-33 


Variety  and  crop 
season 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Aver- 
age 

Delicious: 

1928-29 

$3.02 
3.72 
3.17 

i  $3.  05 

•3.78 

2.62 

2.32 

1.88 

12.16 
2.95 
2.09 
1.88 
1.72 

12.25 

3.03 

U.91 

U.78 

1.67 

$3.20 
3.76 
2.71 
2.36 
1.76 

12.42 
3.07 
2.21 
1.80 
1.66 

2.15 
3.00 
11.85 
2.00 
1.63 

$3.12 
3.88 
2.83 
2.26 
1.69 

2.53 
3.00 
2.37 
1.80 
1.59 

2.32 
3.00 
i  1.90 
1.76 
1.55 

$3.  31 
3.73 
2.74 
2.20 
1.72 

2.83 
3.00 
2.45 

1.83 
1.62 

2.60 
3.00 
U.76 
1.61 
1.53 

2.88 
3.00 

$3.37 
3.78 
2.72 
2.38 
1.73 

$3.73 
3.98 
2.78 
2.55 
2.02 

$4.27 
3.99 
2.69 
2.60 
2.18 

$225" 

$3.38 

1929-30.    

3.83 

1930-31 

2.78 

1931-32 

2.38 

1932-33. 

1.94 

2.07 
2.96 
2.34 

1.91 

Jonathan: 
1928-29 

$2.51 
3.28 

2.42 

1929-30 

3.00 

12.28 

1.88 

2  3.00 

3.03 

1930-31 

2.29 

1931-32 

1.50 

1.78 

1932-33 

1.67 
2.35 

1.65 

Rome  Beauty: 
1928-29 

2.56 
3.00 
U.76 
1.68 
1.46 

2.77 
2.90 
2.  19 
1.74 
1.55 

2.37 

1929-301..- 

3.05 
2.13 
1.61 
1.40 

2.74 
2.81 
2.36 
1.92 
1.62 

2  3.11 

2.29 
1.74 
1.50 

3.07 
2.82 
2.50 
1.74 
1.70 

"L~74~ 

"l.~76~ 

3.  as 

1930-31 

12.43 

2.00 

1931-32 

1.74 

1932-33-    . 

U.67 

1.57 

Winesap: 
1928-29 

2.86 

1929-30 

3.12 

2.93 

1930-31 

2.35 

1931-32 

1.80 

1.68 
1.60 

1.78 

1932-33 

1.65 

1  Very  large  size.  2  Less  than  10  quotations. 

Compiled  by  Division  of  Statistical  and  Historical  Research. 
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Table  41. — Price  of  Virginia  York  Imperial  and  New  York  Baldwin  apples  per 
barrel  at  Liverpool  and  Virginia  York  Imperial  and  Oregon  Yellow  Newtown 
{bushel  basis)  at  London,  at  prevailing  rates  of  exchange,  by  months,  1928-29  to 


Season  and  month 


1928-29 

October 

November 

December 

January 

February 

March 


Average. 

1929-30 

October 

November 

December 

January 

February 

March 


Average. 

1930-31 

October 

November 

December 

January 


Liverpool 
(barrels) 


New 
York 
Bald- 
win 


\.  64 


6.83 
5.99 
5.56 
7.11 


03 


5.72 


6.78 
6.25 


5.87 
5.70 
5.36 
5.67 


Vir- 
ginia 
York 
Impe- 
rial 


$5.23 
6.25 
7.39 
7.05 
6.73 
8.52 


6.86 


6.65 
5.56 
6.27 
6.72 
7.24 
7.43 


.  65 


6.78 
6.34 
6.99 
7.54 


London  2 
(bushel  basis) 


Vir- 
ginia 
York 
Impe- 
rial 


$2.17 


2.32 


2.43 
2.26 
2.10 
2.46 
2.51 
2.63 


2.40 


2.68 
2.34 
2.43 
2.60 


Ore- 
gon 
Yellow 

New- 
town 


&3. 17 

3.17 
3.41 
3.33 
3.31 
3.43 


3.30 


4.13 
4.01 
4.45 
4.40 
4.31 
4.26 


3.53 
3.07 
3.14 
3.04 


Season  and  month 


1930-31 

February 

March 


Average, 

1931-32 

October. 

November 

December 

January 

February 

March 


Average  . 

1932-33 

October 

November 

December 

January 

February 

March 


Average. 


Liverpool 
(barrels) 


New 
York 
Bald- 


$6.29 
7.06 


4.00 

2.51 


2.84 
4.13 
4.59 

3.61 


3.94 
3.93 


3. 94       4. 


Vir- 
ginia 
York 
Impe- 
rial 


$7.24 
8.27 


7.19 


4.71 
4.79 
4.51 
5.06 
4.98 
5.29 


London  2 
(bushel  basis) 


Vir- 
ginia 
York 
Impe- 
rial 


$2.  51 


1.69 
1.60 
1.23 
1.46 
1.68 
1.80 


1.58 


1.82 
1.56 
1.69 
1.65 
1.68 
1.75 


l.i 


Ore- 
gon 
Yellow 
New- 
town 


$3.07 
3.19 


2.58 
2.83 
2.58 
2.64 
2.95 
2.78 


2.73 


2.13 
2.20 
2.25 
2.29 
2.25 


2.22 


i  Liverpool  prices  are  for  U.  S.  No.  1  grade,  2 H -inch  minimum. 
2  The  highest  of  2  reported  grades  was  used  in  this  compilation. 

Compiled  by  the  Foreign  Agricultural  Service  Division  from  weekly  British  Agricultural  Market  Report; 
converted  to  bushels. 

Table  42. — English,  United  States,  and  Canadian  production,  United  Kingdom, 
imports  and  average  seasonal  prices  of  United  States  apples  in  British  markets  at 
prevailing  rates  of  exchange,  1928-29  to  1932-33 


United 
States 
commer- 
cial crop 

English 
crop 
(cider 
apples 
not  in- 
cluded) 

Cana- 
dian 
crop 

United 
Kingdom 
imports 
(8  months, 
Septem- 
ber to 
April) 

Average  price  bushel  basis 
United  States  apples 

Season 

York 
Imperial 

Barrel 
stock  i 

Box 

stock  2 

1928-29 

1,000,000 
bushels 
107.9 
88.0 
102.  1 
106.0 
85.6 

1,000,000 
bushels 
7.4 
16.3 
10.0 
4.0 
6.4 

1,000,000 
bushels 
9.7 
11.8 
10.2 
11.4 
9.5 

1,000,000 
bushels 
12.9 
11.5 
11.0 
16.1 
14.6 

Dollars 
2.35 
2.30 
2.34 
2.14 
2.44 

Dollars 
2.30 
2.44 
2.61 
1.91 
2.21 

Dollars 
3.24 

1929-30. . . 

3.88 

1930-31. 

3.14 

1931-32 

3.35 

1932-33 

3.10 

Average 

97.9 

8.8 

10.5 

13.2 

2.31 

2.29 

3.34 

i  U.  S.  No.  1  grade,  2!4-inch  size,  at  Liverpool,  includes  York  Imperial,  Winesap,  Yellow  Newtown, 
Baldwin,  and  Rhode  Island  Greening. 
2  Includes  Oregon  Yellow  Newtown  and  red  varieties. 

Compiled  by  the  Foreign  Agricultural  Service  from  official  British  sources. 


MARKETING   APPLES  79 

PRICES  IN  FOREIGN  MARKETS 

The  British  markets  are  outlets  for  large  quantities  of  American 
apples  and  prices  received  in  these  markets  are  of  interest  to  all 
American  apple  growers  and  handlers.  Liverpool  prices  of  New 
York  Baldwin  and  Virginia  York  Imperial  and  London  prices  of 
Virginia  York  Imperial  and  Oregon  Yellow  Newtown  are  shown  by 
months  for  1928-29  to  1932-33  in  table  41.  The  York  Imperial 
prices  have  averaged  higher  than  for  Baldwin  each  season.  The 
Yellow  Newtown,  however,  has  sold  much  higher  than  the  York 
Imperial.  Comparing  prices  of  Baldwin  in  New  York  and  in  Liver- 
pool it  is  noted  that  the  Liverpool  seasonal  price  usually  averages 
50  cents  to  $1.25  above  the  New  York  price  (tables  36  and  41). 

In  the  British  markets  the  price  of  apples  grown  in  the  United 
States  seems  to  be  governed  to  some  extent  by  the  quantity  of  United 
Kingdom  imports  which  in  turn  are  influenced  chiefly  by  the  size  of 
the  United  States  and  Canadian  commercial  crop  and  also  to  some 
extent  by  general  economic  conditions  and  the  size  of  the  English 
crop  (table  42).  It  is  noticeable  that  in  1931-32  and  1932-33  the 
price  in  the  British  markets  held  up  remarkably  well  considering  the 
volume  of  supplies.  This  may  indicate  an  increasing  demand  for 
apples  and  may  be  partly  due.  to  the  fact  that  the  average  grade  was 
higher  in  these  years  than  previously  because  of  trade  regulations. 

SUMMARY 

Apples  are  widely  grown  throughout  the  United  States  but  com- 
mercial orcharding  has  developed  and  centralized  in  districts  where 
conditions  of  production  are  generally  favorable  for  large  and  fairly 
regular  crops.  The  western  region,  including  Pacific  Coast  States 
and  others  as  far  east  as  the  eastern  boundary  of  Colorado  is  generally 
referred  to  as  the  box-apple  region ;  and  the  other  regions  of  the  country 
as  the  basket-and-barrel  regions. 

Apple  production  in  the  United  States  is  classed  as  "total"  crop 
and  " commercial' '  crop.  The  commercial  crop  is  that  part  of  the 
total  crop  which  is  sold  for  consumption  as  fresh  fruit.  Total  apple 
production  from  1929  to  1933  averaged  about  9  percent  less  than  in 
1904-08.  The  size  of  the  crop  in  the  western  region,  however,  in- 
creased about  fourfold  from  1904-08  to  1919-23  and  has  increased 
only  slightly  since  this  latter  period.  Nearly  half  of  the  commercial 
apple  crop  is  produced  in  the  western  region.  The  leading  State  is 
Washington  with  New  York  in  second  place.  On  the  average  about 
three-fifths  of  the  apple  crop  of  the  United  States  is  classed  as 
commercial. 

The  five  leading  commercial  varieties  based  on  the  number  of  trees 
in  orchards  in  1928  are:  Delicious,  Winesap,  Jonathan,  Baldwin,  and 
Stay  man  Winesap.  Severe  freezing  in  the  winter  of  1933-34  killed 
and  injured  large  numbers  of  trees,  particularly  Baldwin,  in  the  North 
Atlantic  States.  The  relative  importance  of  varieties  differs  with  the 
districts. 

Many  apples  are  used  for  drying,  canning,  and  for  brandy,  cider, 
and  vinegar.  Roughly  4  percent  of  the  apple  production  was  reported 
as  used  for  drying  by  establishments  reporting  in  the  1929  census  and 
3  percent  for  canning.  Cider,  brandy,  and  vinegar  manufacture 
require  large  quantites  of  low-grade  apples. 
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In  successful  marketing  it  is  important  to  use  the  best  methods  of 
handling  and  preparing  for  market.  Standards  to  be  used  in  grading 
have  been  issued  by  the  United  States  Department  of  Agriculture,  and 
the  leading  Western  States  as  well  as  some  others  have  State  standards 
for  grading.  Federal-State  inspection  is  available  for  a  small  charge 
and  is  widely  used. 

Cold  storage  is  generally  used  in  holding  over  apples  for  late-season 
sale.  The  peak  of  the  storage  season  is  about  December  1.  Approxi- 
mately one-third  of  the  commercial  apple  crop  is  placed  in  cold 
storage. 

Many  apple  growers  require  financial  assistance  in  producing  and 
marketing  their  crop.  Loans  from  governmental  agencies  have  become 
a  chief  source  of  financing  apple  production  in  the  last  2  or  3  years. 

Various  methods  of  sale  and  merchandising  are  in  use  in  marketing 
apples.  Many  cars  are  sold  on  an  f.  o.  b.  basis.  In  some  districts 
large  quantities  are  sold  direct  to  truckers.  The  consignment  method 
is  also  used  particularly  in  years  of  large  crops.  Various  types  of 
market  information  from  Federal  and  other  sources  are  available  to 
growers  and  dealers  to  assist  in  marketing. 

Western  apples  are  a  leading  source  of  market  supplies  in  most 
cities  throughout  the  United  States.  Eastern  apples,  on  the  other 
hand,  do  not  move  West  in  large  quantities. 

In  the  5-year  period  1928-29  to  1932-33,  approximately  68  percent 
of  the  commercial  crop  was  shipped  by  rail  and  boat.  For  the  crops  of 
1931  and  1932  only  about  60  percent  was  moved  by  rail  and  boat. 
The  percentage  thus  moved  has  been  much  greater  in  the  Western 
States  than  in  some  States  near  the  large  markets  where  the  motor 
truck  has  become  a  chief  means  of  transportation.  Nearly  one-third 
of  the  season's  shipments  are  in  October  which  is  the  month  of  largest 
movement. 

Of  the  apples  marketed,  roughly  30  to  40  percent  are  hauled  to  the 
consuming  markets  by  truck*  The  truck  moves  a  much  larger  part 
of  the  crop  to  market  in  the  eastern  and  midwestern  districts  than  in 
the  Northwest  which  is  far  distant  from  the  large  markets.  The  truck 
is  changing  marketing  methods  in  some  districts  because  of  the  opera- 
tion of  trucker  peddlers  and  for  other  reasons.  A  large  part  of  the 
truck  movement  of  apples  is  within  a  radius  of  200  miles.  The  truck 
is  in  general  use  for  redistribution  of  apples  from  large  markets 
throughout  the  surrounding  trade  territory. 

In  the  city  markets,  eastern  apples  are  mostly  distributed  through 
wholesalers  or  jobbers  to  the  retailers  by  the  private-sale  method. 
Western  boxed  apples  in  some  of  the  largest  cities  are  mostly  sold 
through  the  auctions. 

Competition  among  varieties  of  apples  is  an  important  market  con- 
sideration. The  Jonathan  is  the  most  popular  fall  apple  in  the  Middle 
West.  In  New  England  and  New  York  the  Mcintosh  is  popular. 
The  Stayman  Winesap  is  the  leader  in  Philadelphia.  In  the  foreign 
markets  the  Ortley  is  very  popular  at  Hamburg  and  the  Delicious  in 
Scotland.  Apples  are  meeting  stronger  market  competition  from  the 
increasing  supplies  of  other  fruits  as  citrus  fruits,  pears,  and  bananas. 

The  export  market  is  an  important  outlet  for  United  States  apples. 
For  the  five  seasons  beginning  with  the  1928  crop  the  exports  averaged 
17  percent  of  the  commercial  crop.  The  United  Kingdom  is  the  chief 
foreign  customer,  with  Germany  and  other  European  countries  taking 
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large  quantities.  Some  exports  go  to  South  America  and  other 
countries.  Trade  restrictions  of  various  kinds  have  become  of 
considerable  significance  during  recent  years. 

Some  of  the  factors  influencing  apple  prices  are  volume  of  supply, 
general  price  level,  variety,  grade  and  condition,  size  of  apples,  time 
of  year  when  sales  are  made,  kind  of  container,  origin  of  supply, 
market  where  sold,  method  of  sale,  and  export  conditions. 

Seasonal  farm  prices  of  apples  since  1910  have  ranged  from  a  low  of 
about  62  cents  per  bushel  in  1914  to  a  high  of  about  $1.95  in  1921. 
Prices  of  boxed  apples  have  usually  been  somewhat  higher  than  prices 
of  apples  in  baskets  or  barrels.  A  few  varieties  as  Mcintosh  and 
Delicious  have  usually  brought  prices  considerably  above  the  average. 

In  general,  western  apple  growers  during  recent  years  have  been 
in  a  relatively  less  favorable  position  with  respect  to  prices  alone  than 
in  1910-14,  whereas  growers  in  some  of  the  Eastern  States  have  been 
in  a  relatively  more  favorable  position. 
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INTRODUCTION 

There  is  a  widespread  opinion  among  dairy  farmers  and  others  that 
the  heavy  feeding  of  high-protein  concentrates  to  dairy  cows  will  lead 
to  udder  troubles  and  the  secretion  of  abnormal  milk,  especially  the 
heavy  feeding  of  cottonseed  meal,  which  is  one  of  the  richest  of  all 
feeds  in  protein.  To  obtain  definite  information  on  the  effect  of  such 
feeding,  as  indicated  by  physical  changes  in  the  udder  and  abnor- 
malities in  the  milk,  a  feeding  experiment  with  cottonseed  meal 
was  conducted  at  the  United  States  Dairy  Experiment  Station  at 
Beltsville,  Md.,  in  which  determinations  were  made  on  the  milk  for 
streptococci,  chloride  content,  and  number  of  cells;  also,  physical 
examinations  were  made  of  the  udders  and  the  milk. 

In  previous  experiments  at  Beltsville  to  determine  whether  cotton- 
seed meal  had  any  injurious  effects  on  nutrition  and  health  (7,  pp. 
6-9;  8 ,  pp.  9-1 0)1  a  considerable  number  of  cows  have  been  fed  large 
quantities  of  cottonseed  meal  (6  to  10  pounds  or  more  per  day) 
without  apparent  injury.  In  these  experiments  the  udders  and 
milk  were  examined,  but  not  in  detail.  No  cases  of  udder  injury  from 
the  ration  were  apparent.  In  the  present  experiment  the  udders 
were  examined  more  frequently,  and  the  milk  was  systematically 
sampled  and  subjected  to  a  more  detailed  investigation  for  evidences 
of  abnormality.  In  this  study  the  investigators  considered  milk  to 
be  abnormal  which  showed  much  sediment  in  the  test  tubes  after 
standing,  which  was  bloody,  which  showed  flakes  on  the  strip  cup, 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  16. 
108114°— 35 1 
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which  contained  over  0.15  g  of  chlorine  per  100  cc,  which  carried 
more  than  500,000  cells  per  cubic  centimeter,  or  large  numbers  of 
udder  bacteria,  particularly  Streptococcus  mastitidis  (S.  agalactiae). 

DETECTING  UDDER  TROUBLES 

The  following  discussion  of  udder  troubles  is  intended  for  those 
who  are  unfamiliar  with  the  subject,  or  have  not  had  technical  train- 
ing, as  an  aid  in  understanding  the  methods  used  and  the  results 
sought  in  this  experiment.  Those  interested  in  a  detailed  account  of 
udder  troubles  may  consult  Farmers'  Bulletin  1422,  on  udder  diseases 
of  dairy  cows  (3),  and  various  publications  on  methods  of  detection, 
one  by  the  New  York  State  station  (6),  and  a  more  recent  publication 
on  methods,  by  research  workers  at  the  University  of  Idaho  (4). 

Udder  troubles  in  dairy  cows  may  result  from  a  variety  of  causes; 
for  example,  accidental  bruising  of  the  teats  or  any  other  part  of  the 
udder,  undue  exposure  to  cold  or  wet  weather,  digestive  disturbances, 
and  infectious  diseases. 

Farmers  and  dairymen  are  inclined  to  call  most  any  udder  ailment 
mastitis.  Mastitis,  strictly  speaking,  is  inflammation  of  the  udder 
caused  by  specific  pathogenic  organisms,  the  most  prevalent  organism 
being  Streptococcus  mastitidis.  In  severe  cases  of  mastitis  the  udder 
becomes  hot,  swollen,  and  tender,  and  the  animal  may  become 
extremely  ill,  and  even  die.  Even  when  the  inflammation  has 
subsided  and  the  animal  seems  to  have  recovered,  the  infection  re- 
mains. Cows  that  have  had  mastitis  are  likely  to  suffer  a  recurrence 
or  aggravation  of  the  abnormal  udder  condition  when  subjected  to 
unfavorable  conditions,  such  as  severe  chilling. 

In  cases  of  chronic  or  subclinical  mastitis,  the  cow  usually  appears 
to  be  in  normal  health.  The  udder  may  have  hardened  tissues,  or 
be  apparently  sound,  and  the  milk  may  appear  normal,  depending  on 
the  mildness  or  severity  of  the  case.  In  mild  cases,  special  care  is 
necessary  to  detect  the  trouble  or  abnormal  condition.  In  such  cases 
a  physical  examination  of  the  udder  by  a  veterinarian  is  an  effective 
method  of  detecting  abnormalities  such  as  fibrosis  or  induration  of  the 
tissues. 

The  strip-cup  method  of  examining  the  milk  has  been  described  in 
various  publications.  Hucker  and  his  coworkers  state  (6,  p.  23)  that 
milk  that  appears  normal  in  the  strip-cup  test  may  on  laboratory 
examination  show  abnormalities. 

Also,  an  udder  may  have  hardened  tissues  or  other  abnormalities 
and  the  milk  be  normal  in  character,  or  an  apparently  normal  udder 
may  give  abnormal  milk.  The  results  obtained  in  physical  examin- 
ations, therefore,  should  be  compared  with  laboratory  tests. 

Some  of  the  methods  that  may  be  used  to  detect  abnormalities  in 
the  milk  are:  Plate  counts  of  milk  samples  in  which  special  mediums 
are  used  for  detecting  the  presence  of  streptococci;  various  colori- 
metric  and  electrometric  tests  for  determining  the  pH  value  of  the 
milk;  incubation  of  milk  samples  with  microscopic  examination  be- 
fore and  after  centrifuging ;  various  methods  of  making  the  cell  count; 
and  methods  for  determining  the  amount  of  chlorides,  lactose,  and 
catalase  in  the  milk. 

In  the  most  prevalent  typ©  of  infection  the  species  of  bacteria  pres- 
ent is  Streptococcus  mastitidis.  It  has  therefore  been  regarded  that 
the  presence  of  this  organism  in  the  milk  gives  evidence  that  condi- 
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tions  within  the  udder  are  abnormal.  In  order  to  detect  this  organ- 
ism, laboratory  methods  must  be  used,  the  usual  method  being  to 
prepare  plates  with  special  mediums.  In  cases  where  plate  methods 
fail  to  show  organisms,  incubation  of  the  milk  sample  with  micro- 
scopic examination  is  carried  out  to  determine  whether  the  organism 
is  present  or  not.  In  this  latter  method,  however,  no  conjecture  can 
be  made  as  to  the  number  of  streptococci  that  were  present  in  the 
original  sample. 

The  methods  used  in  this  work  for  determination  of  streptococci, 
chloride  content,  and  cells,  are  discussed  later.  The  lactose  method, 
which  depends  on  the  fact  that  when  the  udder  tissues  are  affected 
the  amount  of  lactose  in  the  milk  is  decreased,  has  limitations  for 
diagnosing  mastitis.  The  catalase  test,  while  useful  for  detecting 
active  cases  of  mastitis,  is,  according  to  some  investigators,  no  more 
accurate  than  other  tests  as  easily  made  or  more  easily  made.  For 
these  reasons,  tests  for  catalase  and  lactose  were  not  carried  out  on 
the  milk  in  this  experiment. 

COWS  USED  IN  THE  EXPERIMENT 

Eight  cows,  4  Holsteins  and  4  Jerseys,  were  used  in  the  experi- 
ment. Cows  were  selected  which  had  shown  evidence  of  udder 
troubles  at  some  time  in  the  past.  This  was  done  largely  because 
of  the  general  belief  that  such  cows  are  more  sensitive  to,  and  there- 
fore more  likely  to  be  affected  by,  unfavorable  conditions  due  to 
feeding  than  are  cows  whose  udders  have  always  been  normal.  While 
this  point  could  be  determined  only  by  actual  test,  it  was  not  prac- 
ticable to  include  cows  with  a  normal-udder  history  in  this  experi- 
ment because  of  the  elaborate  set-up  required  to  insure  against  initial 
infection. 

Precautions  were  taken  to  prevent  the  cows  from  contracting  addi- 
tional infection  through  the  teat  canal  as  follows:  Before  milking,  the 
udders  and  teats  were  cleaned  with  a  chlorine  solution  and  a  clean 
cloth,  the  teat  cups  of  the  milking  machine  were  rinsed  with  water 
and  immersed  in  a  chlorine  solution ;  and  after  milking  the  teats  were 
dipped  in  a  soapy,  antiseptic  solution,  the  idea  being  that  this  solution 
would  form  a  film  over  the  ends  of  the  teats  and  thus  tend  to  prevent 
infection  from  entering  the  teat  canal. 

The  cows  were  kept  in  the  barn  in  stanchion  stalls  at  night,  and 
turned  out  with  other  cows  to  exercise  during  the  day.  None  of 
the  cows  used  showed  digestive  disturbances  from  the  high-protein 
feeding. 

The  stage  of  lactation  of  the  different  cows,  when  the  experiment 
started  on  October  27,  1932,  ranged  from  less  than  a  month  for  cow 
no.  840  to  less  than  6  months  for  cow  no.  674.  The  experiment  lasted 
22  weeks  and  ended  March  27,  1933.  Two  of  the  cows,  nos.  602  and 
617,  went  dry  2  weeks  before  the  experiment  ended,  although  they 
had  freshened  less  than  4  months  before  it  began.  Their  going  dry, 
however,  apparently  had  no  relation  to  the  feeding  of  the  high-protein 
ration.  The  breeding  records  which  are  pertinent  to  this  study  are 
shown  in  table  1 . 

METHOD  OF  FEEDING  AND  AMOUNTS  FED 

Table  1  also  shows  the  feeding  plan.  During  the  first  period  4  of 
the  cows,  2  Jerseys  and  2  Holsteins,  were  fed  cottonseed  meal,  and 
the  other  4  cows  were  fed  a  low-protein  grain  mixture.     In  addition, 
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all  of  the  cows  received  alfalfa  hay  of  good  quality  at  the  daily  rate 
of  about  2  percent  of  their  body  weight,  throughout  the  entire  experi- 
ment.    No  other  grain  or  roughage  was  fed. 

Table  1. — Cows  used,  breeding  data,  average  daily  quantities  of  cottonseed  meal 
and  hay,  and  grain  and  hay  fed  from  Oct.  27,  1932,  to  Mar.  27,  1933 


Breed  of  cow 

Date  of 

freshen- 
ing (1932) 

Date 

pregnant 

(1932) 

Average  daily  feed  record 

Cow 
no. 

First  period 

Second  period 

Cotton- 
seed meal 

Grain 
mixture 

Alfalfa 
hay 

Cotton- 
seed meal 

Grain 
mixture 

Alfalfa 
hay 

602 

July   22 
Aug.   18 
Apr.  19 » 
Aug.   19 
July     9 
Aug.   19 
July  3  i 
Oct.    14 

Dec.   23 
Oct.    15 

Pounds 
10 
10 

Pounds 

6 

----- 

10 

Pounds 
16 
22 
20 
.24 
16 
24 
20 
24 

Pounds 
10 
10 

Pounds 

.. 

6 
6 
9 

Pounds 
16 

688 
674 

do---. --- 

do. 

22 
20 

838 

Oct.     5 

24 

\  2 

Grade  Holstein 

10 
10 

18 

819 

Oct.      5 
Aug.  21 
Nov.  28 

24 

617 

10 
10 

14 

840 

22 

1  Aborted. 

No  change  was  made  in  the  rations  of  the  different  cows  during  the 
first  period  of  12  weeks.  At  the  beginning  of  the  thirteenth  week,  the 
rations  of  two  of  the  cows  (nos.  A-2  and  819)  on  the  high-protein 
(cottonseed  meal)  concentrate  and  hay  were  changed  to  the  low-protein 
(grain)  concentrate  and  hay.  The  rations  of  two  of  the  cows  (nos.  617 
and  840)  on  low  protein  were  changed  to  high  protein.  The  rations  of 
the  other  four  cows  (nos.  602  and  688  on  high  protein,  and  674  and 
838  on  low  protein)  were  continued  without  material  change  during  the 
second  period.  The  second  period  was  continued  for  10  weeks,  although 
two  of  the  cows  were  dry  the  last  2  weeks. 

The  cottonseed  meal  was  fed  at  the  rate  of  10  pounds  per  day  per 
cow  throughout  the  experiment  to  all  cows  receiving  cottonseed  meal. 
The  low-protein  grain  mixture  consisted  of  one-third  ground  corn, 
one-third  ground  oats,  and  one-third  wheat  bran,  by  weight;  it  was 
fed  in  quantities  ranging  from  5  to  10  pounds  a  day,  depending  upon 
the  size  and  production  of  the  individual  cows  receiving  grain. 

METHODS  USED  IN  DETERMINING  CONDITION  OF  COWS 

PHYSICAL  EXAMINATION  OF  THE  UDDERS  AND  MILK  2 

The  udders  of  all  the  cows  were  examined  by  palpation  every  2  to  4 
weeks,  for  lumps,  swellings,  and  other  abnormalities.  At  the  same 
time  the  milk  of  each  cow  was  sampled  by  drawing  a  few  streams  from 
each  teat  into  a  strip  cup,  and  examined  for  presence  of  clots  from  each 
quarter.  The  condition  of  the  udders  of  the  different  cows,  and  the 
milk  as  shown  by  the  strip-cup  test,  at  the  beginning  of  the  experi- 
ment is  shown  in  the  first  line,  headed  "  November  1",  in  table  2. 
This  examination  was  made  on  the  day  following  the  one  on  which 
the  cows  were  assembled  and  placed  on  the  experimental  rations. 

COLLECTING  MILK  SAMPLES  FOR  LABORATORY  TESTS 

Laboratory  tests  of  the  milk  afford  valuable  supporting  data,  and 
also  may  reveal  abnormal  conditions  which  are  not  disclosed  by  a 

2  This  work  was  done  by  Fred  W.  Miller,  senior  veterinarian  and  physiologist.  Bureau  of  Dairy  Industry. 


HEAVY  COTTONSEED  MEAL  FEEDING  OF  DAIRY  COWS      5 

physical  inspection  of  the  udder  and  milk.  Such  tests  when  made  at 
uniform  intervals  enable  deviations  from  normal  characteristics  to  be 
recorded  systematically,  thus  giving  a  picture  of  the  cow's  condition, 
and  permit  temporary  disturbances  to  be  distinguished  from  those  of  a 
more  serious  or  permanent  nature. 

Samples  of  one  milking  from  each  cow  were  taken  weekly  for  the 
determinations  of  number  of  cells,  content  of  chlorides,  and  presence 
and  number  of  streptococci.  The  practice  in  obtaining  the  milk  for 
these  tests  was  to  collect  two  samples  of  each  cow's  milk,  one  sample 
being  taken  from  the  glass  receptacle  of  the  milking  machine  and  the 
other  sample  directly  from  the  udder. 

The  sample  taken  from  the  receptacle  represented  all  of  the  milk 
given  by  the  cow  at  that  milking.  This  sample  was  used  in  making  the 
cell  count  and  for  the  determination  of  chloride  content. 

The  sample  taken  directly  from  the  udder  was  obtained  by  drawing 
an  equal  amount  of  milk  from  each  of  the  four  quarters  into  a  sterile 
tube,  when  the  milking  was  nearly  completed.  In  doing  this  care  was 
taken  not  to  contaminate  the  milk.  This  sample  was  used  for  examina- 
tion for  Streptococcus  mastitidis .  There  were  two  reasons  for  using  some 
of  the  last  milk  remaining  in  the  udder  to  determine  the  number  of 
streptococci.  One  was  that  the  last  milk  drawn  from  the  udder  is 
not  so  likely  to  be  contaminated  with  organisms  from  the  teat  canals 
as  the  fore  milk ;  the  other,  that  it  was  thought  that  any  deep-seated 
infections  would  be  detected  with  greater  certainty. 

As  soon  as  the  samples  of  milk  were  drawn,  the  tubes  were  placed  in 
chipped  ice. 

DESCRIPTION  OF  LABORATORY  TESTS  USED 

The  methods  used  in  making  the  determination  of  streptococci, 
determination  of  chloride  content,  and  the  cell  count  were  as  follows: 

DETERMINATION    OF    STREPTOCOCCI 

The  determination  of  streptococci  in  the  milk  samples  obtained  for 
this  purpose  was  made  by  means  of  the  colony  or  plate  count  for 
bacteria  in  milk,  only  those  organisms  believed  to  be  Streptococcus 
mastitidis  being  counted.  Plating  was  done  within  a  period  of  5  hours 
from  the  time  the  milk  was  drawn  from  the  udders.  Two  different 
mediums  were  used  in  preparing  the  plates.  One  plate  was  prepared 
using  standard  beef  extract  medium,  and  another  plate  using  a  blood- 
agar  medium. 

The  blood  agar  was  similar  to  that  used  by  Ayers  and  Mudge  {2)  and 
was  of  the  following  composition:  Infusion  broth,  500  cc;  peptone 
(Parke  Davis),  10  g;  sodium  chloride,  5  g;  distilled  water,  500  cc;  and 
shredded  agar,  1 5  g.  The  reaction  or  acid  intensity  of  the  medium  was 
adjusted  to  a  value  of  pH  7.5.  After  the  mixture  had  melted  it  was 
cooled  to  a  temperature  of  45°  C,  and  from  0.5  to  1.0  percent  of 
defibrinated  horse  blood  3  was  added. 

The  plates  were  incubated  48  hours  at  a  temperature  of  37°  C. ;  then 
a  count  was  made  of  the  number  of  streptococcus  bacteria.  In  order 
to  determine  definitely  whether  the  organisms  counted  were  S. 
mastitidis,  representative  colonies  were  picked  from  the  plates  into  a 
tube  of  infusion  broth  and  this  culture  was  incubated  24  hours  at  37°. 
Then  a  portion  of  the  infusion-broth  culture  was  used  to  inoculate 

3  The  defibrinated  horse  blood  was  furnished  by  the  Bureau  of  Animal  Industry. 
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litmus  skim  milk  and  another  portion  was  used  to  inoculate  methylene 
blue  skim  milk  containing  0.005  percent  of  dye  content  and  these  were 
incubated  for  another  24  hours  and  examined  for  characteristic 
reactions  of  S.  mastitidis .  This  organism  does  not  reduce  the  blue 
color  or  coagulate  the  methylene  blue  milk  when  this  strength  is 
used.  Litmus  milk  is  slightly  reduced,  acidified,  and  usually  coagu- 
lates in  about  24  hours. 

CHLORIDE    TEST 

The  method  used  for  determination  of  the  chloride  content  of  the 
samples  of  the  milk  of  each  cow,  was  the  chloride  test  developed  by 
Hammer  and  Bailey  (5)  for  detecting  abnormal  milk.  This  test  is 
based  on  the  fact  that  when  udder  tissues  are  broken  down  either  by 
physical  means  or  bacterial  infection,  blood  plasma,  which  is  richer  in 
chlorides  than  normal  milk,  is  allowed  to  filter  through  into  the  milk 
cistern,  and  this  causes  an  increase  in  the  chloride  content  of  the  milk. 
A  satisfactory  comparative  index  of  the  amount  of  chlorides,  expressed 
as  chlorine,  in  the  milk  can  be  obtained  by  direct  titration.  This  was 
done  by  placing  10  cc  of  miLk  in  a  beaker,  diluting  with  30  to  40  cc  of 
distilled  water,  adding  5  drops  of  a  10-percent  solution  of  potassium 
chromate,  and  titrating  with  tenth-normal  silver  nitrate  solution  until 
the  desired  end  point  was  reached.  Each  cubic  centimeter  of  silver 
nitrate  solution  required  represents  0.0355  g  of  chlorides,  expressed  as 
chlorine,  per  100  cc  of  milk. 

When  this  test  is  used  for  determination  of  chloride  content,  normal 
milk  is  assumed  to  have  a  chloride  content  equivalent  to  from  0.09  to 
0.14  g  of  chlorine  per  100  cc.  On  account  of  the  fact  that  slight  varia- 
tions in  results  obtained  by  titration  on  the  same  sample  are  possible, 
in  this  work  0.15  g  or  more  of  chlorine  per  100  cc  of  milk  was  assumed 
to  denote  an  abnormal  condition  of  the  milk.  Hucker,  Trudell,  and 
Jennings  (6),  in  a  study  of  milk  obtained  from  over  100  quarters  of 
udders  of  dairy  cows,  concluded  that  the  test  just  described  was  very 
accurate  in  detecting  udders  which  have  become  "fibrotic  or  indurated 
to  some  degree." 

CELL    COUNT 

The  cell  counts  of  the  samples  of  milk  from  the  different  cows,  taken 
each  week  from  the  receptacles  of  the  milking  machines,  were  made  by 
direct  microscopic  examination  according  to  the  procedure  given  by 
the  American  Public  Health  Association  (1 .  p.  30).  In  this  work  both 
leucocytes  and  epithelial  cells  were  included  in  the  count,  and  the 
average  of  20  fields  was  taken. 

RESULTS  OF  THE  EXPERIMENT 

The  results  of  the  physical  examinations  of  the  udders  and  of  the 
milk  are  shown  in  table  2.  The  results  of  the  examination  of  the 
weekly  samples  of  milk  for  content  of  chlorides,  expressed  as  chlorine, 
number  of  cells,  and  number  of  streptococci,  are  given  in  table  3. 
These  two  tables  should  be  considered  together  in  comparing  results 
of  the  different  tests. 
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DISCUSSION  OF  RESULTS 

The  examinations  of  the  udders  by  palpation  and  of  the  milk  for 
clots  failed  to  show  any  relation  between  the  quantity  of  protein  in 
the  ration  and  abnormalities  of  the  udder  and  milk.     Some  of  the 
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Figure  l. 


-Changes  in  milk  of  two  cows  (nos.  602  and  688)  when  fed  a  high-protein  ration  of  cottonseed 
meal  and  alfalfa  hay. 


udders  were  found  to  be  normal  at  the  start  of  the  experiment  and 
later  developed  certain  minor  troubles.  The  records  of  the  cows' 
cases  indicate  that  there  is  apparently  no  relation  between  these 
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Figure  2.— Changes  in  milk  of  two  cows  (nos.  674  and  838)  when  fed  a  ration  consisting  of  a  low-protein 

grain  mixture  and  alfalfa  hay. 


troubles  and  the  plane  of  protein  feeding.  The  udders  that  were 
abnormal  at  the  beginning  of  the  experiment  remained  so,  as  a  rule, 
regardless  of  the  ration;  their  condition  did  not  appear  to  be  either 
improved  or  aggravated  by  changes  in  the  protein  content  of  the 
ration. 
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CURVES  SHOWING  VARIATIONS  IN  CONDITION  OF  MILK  DURING  THE  EXPERIMENT 

The  data  showing  the  results  of  the  laboratory  examinations  bring 
out  many  interesting  changes  in  the  milk  of  the  different  cows.  In 
order  that  these  changes  may  be  more  easily  followed,  and  the  general 
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Figure  3.— Changes  in  milk  of  two  cows  (nos.  A-2  and  819)  when  fed  a  high-protein  ration  and  when  fed 
a  low-protein  ration.  The  solid  line  represents  milk  sampled  during  high-protein  and  the  broken  line 
milk  during  low-protein  feeding  period. 

characteristics  of  the  results  for  each  cow  may  be  more  clearly 
understood  and  compared  with  the  physical  observations,  the  data 
of  table  3  have  been  plotted  graphically  in  figures  1  to  4. 
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Figure  4.— Changes  in  milk  of  two  cows  (nos.  617  and  840)  when  fed  a  low-protein  ration  and  when  fed 
a  high-protein  ration.  The  solid  line  represents  milk  sampled  during  high-protein  and  the  broken  line 
milk  during  low-protein  feeding  period. 

In  considering  the  results  it  must  be  remembered  that  the  cell 
count  taken  alone  may  be  misleading  because  an  excessively  high 
count  does  not  indicate  definitely  whether  a  cow  has  an  infectious 
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disease  or  whether  minor  injuries  have  caused  an  excessive  number 
of  cells  to  be  released  into  the  milk  cistern.  When  the  cell  count  is 
used  in  conjunction  with  the  streptococcus  count  and  the  determina- 
tion of  chloride  content,  however,  it  then  serves  as  a  valuable  indi- 
cator of  abnormal  conditions  within  the  udder  and  the  severity  of 
such  conditions.  For  example,  the  milk  of  cow  no.  840  showed  very 
little  infection  of  streptococcus  throughout  both  periods  of  the  experi- 
ment, and  the  cell  count  as  a  whole  was  comparatively  low,  but  on 
January  24  her  milk  had  a  high  cell  count.  If  the  cell  counts  alone 
had  been  made,  it  might  be  assumed  from  the  high  count  on  January 
24  that  she  had  contracted  an  infection.  As  the  streptococcus  count 
remained  low  and  the  cell  count  of  her  milk  for  the  succeeding  week 
dropped  to  normal,  the  sudden  increase  in  cells  on  January  24  seems 
to  have  been  due  to  some  other  factor. 

It  is  also  important  to  keep  in  mind  in  studying  the  results  of  the 
chlorine  determinations,  cell  counts,  and  streptococcus  counts  that 
the  trend  of  the  determinations  of  all  the  samples  for  each  cow  must 
be  taken  into  consideration  rather  than  the  results  of  any  one  sample. 
The  reason  for  this  is  that  the  milk  of  each  cow  varies  from  milking 
to  milking,  and  from  day  to  day,  in  content  of  chlorides,  number  of 
cells,  and  number  of  streptococci.  In  all  probability  each  of  these 
factors  goes  through  a  definite  cycle,  rather  than  changing  abruptly 
from  one  milking  to  the  next.  Since  samples  were  taken  of  only 
1  milking  each  week  the  extent  of  the  changes  on  the  days  inter- 
vening between  any  2  days  of  sampling  cannot  be  estimated  closely, 
as  the  highest  peak  or  the  lowest  point  might  not  occur  on  the  days 
that  the  samples  were  taken. 

For  example,  the  curves  for  cow  no.  617  (fig.  4)  show  many  abrupt 
changes.  If  data  on  the  intervening  milkmgs  of  this  cow  were 
available  smoother  curves  might  be  obtained,  although  these  changes 
might  go  higher  or  lower  on  certain  days.  However,  the  trend  of  the 
weekly  examinations  over  the  entire  experiment  shows  that  her  milk 
was  highly  abnormal  and  at  no  time  tended  to  approach  what  is 
termed  normal  milk.  Therefore,  even  if  samples  had  been  taken 
daily,  the  general  trend  of  the  results  for  this  cow  would  not  have 
been  altered  materially,  but  would  be  much  the  same  as  shown  in  the 
present  curves. 

COMPARISON  OF  RESULTS  WITH  DIFFERENT  COWS 

In  addition  to  the  weekly  changes,  the  extreme  variation  in  the 
milk  of  each  of  the  cows  during  the  first  period  and  the  second  period, 
respectively,  is  given  in  the  two  lines  headed  "Range"  in  table  3, 
together  with  the  average  of  each  period.  As  stated  previously,  in 
comparing  wide  variations  between  individual  days,  the  general 
results  must  be  taken  into  consideration.  The  average  results  of 
feeding  on  a  high-protein  plane  as  compared  with  feeding  on  a  low- 
protein  plane  are  of  especial  interest  in  drawing  conclusions  from  this 
experiment,  and  in  general  support  the  information  given  by  the 
trends  of  the  curves  in  figures  1  to  4. 

Cow  no.  602  was  fed  a  high-protein  ration  during  both  the  first  and 
second  periods  of  the  experiment.  Her  milk  was  decidedly  abnormal 
during  both  periods,  but  on  an  average  the  milk  obtained  during  the 
second  period  was  more  abnormal  than  that  of  the  first  period.  On 
the  other  hand,  cow  no.  688  fed  similarly  gave  milk  that  was  nearly 
as  normal  in  one  period  as  in  the  other. 
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Cow  no.  674  was  fed  a  low-protein  ration  throughout  both  periods, 
and  gave  a  more  abnormal  milk  on  an  average  during  the  second 
period  than  during  the  first  period.  Cow  no.  838  fed  similarly  gave 
milk  that  was  nearly  as  normal  in  one  period  as  in  the  other. 

The  average  results  for  these  four  cows,  therefore,  indicate  that 
the  abnormality  of  the  milk  in  the  case  of  each  cow  remained  much  the 
same,  both  for  the  cows  which  were  fed  continuously  on  a  high-protein 
ration  and  the  cows  which  were  fed  continuously  on  a  low-protein 
ration. 

Cow  no.  A-2  was  fed  a  high-protein  ration  during  the  first  period 
and  a  low-protein  ration  during  the  second  period.  Her  milk  varied 
greatly  during  the  experiment,  but  on  an  average  was  more  nearly 
normal  in  the  se.cond  period  than  in  the  first.  Cow  no.  819  was  fed 
similarly.  Her  milk  was  more  nearly  uniform  in  character  during 
the  experiment,  but  slightly  more  abnormal  in  the  second  period  than 
in  the  first. 

Cow  no.  617  was  fed  a  low-protein  ration  during  the  first  period  and 
a  high-protein  ration  during  the  second;  her  milk  was  very  irregular 
in  character  and  during  the  second  period  was,  on  an  average,  more 
abnormal  than  during  the  first.  Cow  no.  840  was  fed  similarly;  her 
milk  was  more  uniform  in  character,  but  slightly  more  abnormal  during 
the  second  period  than  in  the  first. 

Inasmuch  as  the  number  of  cows  used  was  small,  it  cannot  be 
definitely  concluded  that  changing  from  a  low-protein  ration  to  a 
high-protein  ration,  or  vice  versa,  would  or  would  not  have  any  effect 
on  the  normality  of  the  milk.  However,  in  the  cases  studied  in  this 
experiment  there  was  no  material  change. 

SUMMARY  AND  CONCLUSIONS 

Eight  cows  that  had  shown  udder  troubles  in  the  past  were  used  in 
this  experiment.  All  were  fed  alfalfa  hay.  Four  were  fed  10  pounds 
of  cottonseed  meal  each  day,  and  four  were  fed  from  5  to  10  pounds 
of  a  low-protein  grain  mixture.     The  experiment  lasted  22  weeks. 

The  milk  from  each  cow  was  examined  weekly  for  streptococci, 
chlorine  content,  and  number  of  cells. 

The  results  of  these  three  tests  when  studied  in  conjunction  with 
each  other  and  with  strip-cup  examination  provide  information  regard- 
ing the  normality  or  abnormality  of  the  milk. 

The  udders  were  examined  by  palpation  every  2  to  4  weeks  and  at 
the  same  time  some  of  the  milk  was  drawn  from  each  teat  into  a 
strip  cup. 

The  conclusion  drawn  in  this  work  was  that  the  liberal  feeding  of 
these  cows  on  a  high-protein  ration  composed  of  cottonseed  meal 
and  alfalfa  hay  had  little,  if  any,  influence  on  the  abnormality  of  the 
milk.  Neither  did  such  a  ration  aggravate  udder  conditions  as 
determined  by  physical  examination  of  the  udders  and  by  the  labora- 
tory examination  of  the  milk,  nor  did  the  high-protein  ration  force 
animals,  more  or  less  subject  to  chronic  attacks  of  mastitis,  into 
clinical  cases. 
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INTRODUCTION 

The  possibility  of  obtaining  rubber  from  native  North  American 
plants  has  attracted  the  attention  of  individuals,  rubber  companies, 
and  State,  Federal,  and  other  agricultural  institutions.  Many  species 
of  native  plants  are  known  to  contain  rubber,  though  generally  in 
such  small  quantities  as  to  offer  little  encouragement  to  commercial 
utilization.  A  few  of  these  species  have  received  detailed  study  (i ,  2, 
3,4,5,6,8,9,  10,  11,  12,  13).2 

Of  64  species  of  southwestern  plants  examined  by  Hall  and  Long 
(6),  Asclepias  subulata,  one  of  the  desert  milkweeds,  appeared  the 
most  promising.  Further  investigations  of  this  plant  were  under- 
taken in  1922  by  the  United  States  Department  of  Agriculture  at 
the  United  States  Acclimatization  Garden  on  the  Yuma  Reclamation 
project,  near  Bard,  Calif.  Strains  of  this  milkweed  were  established  in 
cultivation  with  seed  collected  from  wild  plants  growing  in  the  vicinity. 
This  afforded  material  for  cultural  and  other  experiments  and  for  com- 
parisons with  wild  plants.  The  nature  of  these  experiments  and  the 
results  obtained  are  reported  in  the  following  pages,  with  notes  on  the 
description  and  distribution  of  the  species. 

DESCRIPTION 

The  plants  of  Asclepias  subulata  Decaisne  grow  as  perennial  herbs 
with  numerous  rushlike  stems  rising  from  a  central  crown  near  the 
surface  of  the  ground  (fig.  1).    The  young  stems  are  dark  green,  later 

1  On  Feb.  9,  1934,  the  Rubber  Investigations  project  was  transferred  to  the  Division  of  Plant  Explora- 
tion and  Introduction. 
*  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  19. 
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becoming  woody  at  the  base,  and  acquiring  a  grayish-white  bloom  at 
maturity.  The  mature  stems  are  from  a  quarter  to  a  half  inch  in  diam- 
eter and  from  2  to  5  feet  in  height,  tapering  only  slightly  from  the 
base  to  the  apex.    The  leaves,  which  are  short  and  slender,  are  produced 


Figure  l.—A,  Group  of  Asclevias  subulate  plants  as  they  appear  in  their  natural  habitat,  near  Yuma, 
Ariz.;  B,  an  individual  plant  growing  wild  near  Bard,  Calif. 

only  on  young  stems  and  shoots  and  are  retained  for  a  comparatively 
short  period.  The  flowers  are  greenish  yellow  and  are  arranged  in 
umbels  at  the  apex  of  the  stems.  The  slender  tapering  seed  pods  are 
4  to  6  inches  long  and  when  ripe  split  along  one  side,  allowing  the  seeds, 
each  of  which  bears  a  pappus  of  stiff  silky  hairs,  to  be  scattered  by 
the  wind.    Floral  buds,  seed  pods,  and  seeds  are  shown  in  figure  2. 
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Figure  2.— Floral  buds,  flowers,  seed  pods,  and  seeds  of  Asdepias  subulata.    (Natural  size.) 
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A  more  detailed  description  of  this  plant  may  be  found  in  the  report 
by  Hall  and  Long  (6). 

DISTRIBUTION 

The  geographic  distribution  of  Asclepias  subulata  extends  over  a 
wide  area,  from  southern  Nevada  on  the  north  to  the  south  end  of 
Baja  California  and  Sonora,  Mexico,  and  from  southeastern  Arizona 
westward  to  the  Coast  Range  of  southern  California. 

Asclepias  subulata  usually  is  confined  to  the  dry  stony  stream  beds, 
where  the  water  runs  after  the  infrequent  rams,  and  in  the  depressions 
on  the  mesas,  where  the  water  accumulates  and  remains  for  a  short 
period  after  the  rains.  Occasionally  plants  are  found  on  the  barren 
hill  slopes.  In  the  depressions  where  the  soil  is  fairly  fertile  the 
plants  are  considerably  larger  than  those  on  the  hill  slopes.  In  some 
localities  there  may  be  several  groups  of  plants  scattered  about  the 
washes,  mesas,  and  hill  slopes,  but  often  only  a  few  plants  are  found  in 
isolated  groups.  The  largest  continuous  area  known  to  the  writers 
begins  about  13  miles  south  of  San  Luis,  Sonora,  Mexico,  and  continues 
practically  to  the  Gulf  of  California,  a  distance  of  about  55  miles.  The 
plants  in  this  area  are  found  in  scattered  groups,  which  are  separated 
by  salty  flats  and  sandy  mesas.  Other  large  groups  of  plants  have 
been  found  in  the  vicinity  of  Mesa,  Superior,  and  Yuma,  Ariz.,  and 
Holtville,  Calif. 

The  areas  in  which  this  plant  grows  most  abundantly  are  subject  to 
wide  ranges  of  climatic  conditions,  such  as  frequent  high  temperatures 
in  the  summer  and  occasional  freezing  temperatures  in  the  winter, 
while  rains  may  occur  at  any  time  of  the  year  and  be  followed  by 
long  periods  of  drought.  During  the  past  9  years  (1924-32)  the  tem- 
peratures at  the  United  States  Acclimatization  Garden  ranged  from 
24°  to  120°  F.,  with  a  mean  yearly  rainfall  of  3.91  inches.  At  Yuma, 
Ariz.,3  during  the  past  54  years  (1878-1931)  the  temperature  ranged 
from  22°  to  120°  F.,  and  the  mean  37early  rainfall  was  3.47  inches. 
Records  at  Mesa,  Ariz.,4  for  the  past  33  years  (1898-1930)  show  that 
the  temperatures  there  ranged  from  15°  to  119°  and  that  the  mean 
yearly  rainfall  w^as  8.65  inches. 

COLLECTION  AND  PREPARATION  OF  MATERIAL 

Material  for  rubber  determinations  was  collected  from  plants 
growing  near  Dome,  Mesa,  Parker,  Sentinel,  Superior,  and  Yuma, 
Ariz.;  Bard,  Campo,  Holtville,  Kane  Springs,  and  Oasis,  Calif.;  and  in 
the  States  of  Sonora  and  Baja  California,  Mexico. 

In  order  to  obtain  samples  for  rubber  determinations,  2  average 
stems  were  selected  from  the  center  of  the  plant  and  4  stems  from 
different  parts  of  the  outer  section,  thus  making  a  sample  of  6  stems 
and  minimizing  the  possibility  of  securing  all  old  or  all  young  stems. 

The  samples  selected  for  analysis  were  labeled,  wrapped  in  paper, 
and  stored  in  a  dry  room.  After  sufficient  drying,  the  stems  were  cut 
into  small  sections,  about  one-fourth  of  an  inch  long,  and  then  ground 
in  a  hand  mill  until  all  of  the  material  would  pass  through  a  20-mesh 
sieve.  This  ground  material  was  thoroughly  mixed,  and  a  4-g  sample 
was  taken  for  analysis. 

3  Data  furnished  by  the  U.  S.  Weattier  Bureau,  Yuma,  Ariz. 
*  Data  furnished  by  the  U.S.  Weather  Bureau,  Phoenix,  Ariz. 
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EXTRACTION  OF  RUBBER 


The  method  used  for  extracting  rubber  was  the  same  as  that  em- 
ployed by  Hall  and  Long  (6),  and  may  be  described  briefly  as  follows: 
Four  g  of  the  ground  plant  material  is  placed  in  an  extraction  thimble 
and  extracted  3  hours  in  the  Bailey- Walker  apparatus  with  20  cc 
of  acetone.  The  acetone-soluble  material,  containing  chlorophyll, 
fats,  and  resins,  is  evaporated  to  dryness  and  weighed,  and  the  sample 
is  then  placed  in  a  clean  flask  and  extracted  for  3  hours  with  20  cc 
of  benzol.  The  benzol-soluble  material  is  allowed  to  stand  overnight 
in  the  extraction  flask,  and  then  is  decanted  into  a  100  cc  beaker  to 
eliminate  any  sediment  that  may  have  worked  its  way  through  the 
siphon  tube  of  the  extraction  thimble.  The  solvent  is  evaporated  in  a 
water-jacketed  oven,  and,  after  cooling  in  a  desiccator,  the  residual 
rubber  is  weighed  and  reported  as  a  percentage  of  the  original  sample. 
Duplicate  analyses  were  made  of  each  sample  of  plant  material  and 
the  results  given  are  the  mean  of  the  two  determinations. 

EFFECT    OF    STORAGE    AND    EXPOSURE    ON    RUBBER    CONTENT    OF 

PLANT  MATERIAL 

An  experiment  was  begun  in  1926  to  determine  the  length  of  time 
harvested  plant  material  could  be  left  in  the  field  or  be  stored  without 
affecting  the  rubber  content.  The  stems  from  each  of  two  plants  that 
were  harvested  in  January  1926  were  divided  into  12  samples.  Six- 
samples  from  each  plant  were  left  exposed  to  the  weather,  and  the 
other  samples  were  cut  into  short  sections,  merely  for  convenience, 
and  stored  in  paper  bags  in  a  dry  and  partially  darkened  room. 
The  rubber  content  was  determined  at  the  time  of  harvesting  and 
for  the  exposed  and  stored  material  at  monthly  intervals  from  March 
to  August  1926.  At  that  time  all  of  the  exposed  material  had  been 
used,  but  samples  of  the  remaining  stored  material  were  analyzed 
at  various  intervals  until  October  1930.  The  results  are  shown  in 
table  1. 

The  mean  rubber  content  of  the  exposed  samples  decreased  from 
2  percent  in  January  to  0.20  percent  in  August,  whereas  that  of  the 
stored  material  remained  practically  constant  until  April  1928,  after 
which  it  decreased  gradually  to  1.47  percent  in  October  1930.  This 
represents  a  loss  of  approximately  one-fourth  of  the  original  rubber 
content  of  the  plant  material  during  the  A){  years  of  storage. 

Table  1. — Mean  percentage  of  rubber  from  stored  and  from  exposed  material  of  two 
Asclepias  subulata  plants  harvested  at  Bard,  Calif.,  in  January  1926  and  sampled 
and  analyzed  monthly  until  August  1926  and  at  indicated  intervals  until  October 
19  3D 


Date  of  analysis 


January  1926. .. 

March  1926 

April  1926 

May  1926 

June  1926 

July  1926 

August  1926 

September  1926- 
October  1926.... 
March  1927 


Rubber  content  of- 


Exposed         Stored 
material        material 


Percent 
2.00 
1.38 
.34 
.30 
.29 
.24 
.20 


Perecnt 
2.00 
1.98 
1.90 
1.93 
2.06 
2.05 
1.98 
1.92 
2.05 
2.11 


Date  of  analysis 


July  1927 

October  1927... 
January  1928. .. 

April  1928 

August  1928-__. 
November  1928 

April  1929 

September  1929 

April  1930 

October  1930. . . 


Rubber 
content 
of  stored 
material 


Percent 
1.88 
1.91 
1.84 
2.01 
1.82 
1.72 
1.49 
1.56 
1.53 
1.47 
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An  experiment  with  stored  material  was  begun  in  January  1927 
and  continued  until  November  1932.  Ten  plants  were  harvested 
January  15,  1927,  and  the  material  was  stored  in  the  same  manner 
as  in  the  previous  experiment.  Samples  were  analyzed  at  3-month 
intervals  during  1927,  at  4-month  intervals  during  1928,  and  at 
6-month  intervals  during  1929,  1930,  1931,  and  1932.  The  results 
are  as  follows: 

The  rubber  content  in  this  case  decreased  about  one-fourth  during 
the  first  2  years.  The  results  show  clearly  that  if  the  plant  material 
is  left  exposed  to  the  weather  its  rubber  content  decreases  within  a 
few  months  after  harvesting,  but  if  stored  in  a  dry  and  partially 
darkened  room  it  retains  practically  all  of  its  rubber  for  at  least  2  years. 

Date  of  analysis  and  'percentage  of  rubber  content 

Percent 

January  1927 2.  29 

May  1927 2.22 

August  1927 2.  56 

November  1927 2.  16 

April  1928 2.  06 

August  1928 1.91 

November  1928 1.86 

April  1929 1.  82 

RUBBER  CONTENT  OF  WILD  PLANTS 

Analyses  made  on  wild  plants  collected  in  Arizona,  California, 
Sonora,  and  Baja  California  showed  a  range  in  rubber  content  from 
0.5  to  6.0  percent.  Although  the  plants  with  3.0  to  3.5  percent 
rubber  formed  the  largest  group,  the  groups  with  lower  proportions  of 
rubber  were  much  larger  than  groups  with  higher  proportions,  as 
shown  below. 


September  1 929 

June  1930 

Percent 

1.84 

__   __        1.  78 

October  1930 

--_   _         1.  77 

April  1931 

1.  90 

November  1931 

1.  48 

May  1932 

1.  44 

November  1932 

L  42 

Range  in  rubber  percentage: 
0.50-1.00 

Number  of 
plants 

13 

Range  in  rubber  percentage- 
3.51-4.00 

Number  of 
plants 

-Con. 

44 

1.01-1.50 

15 

4.01-4.50 

25 

1.51-2.00 i 

41 

4.51-5.00 

3 

2.01-2.50 

73 

5.01-5.50.  _ 

2 

2.51-3.00 

73 

5.51-6.00 

1 

3.01-3.50 

102 

Mean  =  2.86. 

The  rubber  content  of  individual  plants  growing  in  the  same 
locality  was  found  to  differ  considerably  (table  2).  Where  series  of 
analyses  were  comparable,  as  of  plants  from  Bard  and  Oasis,  Calif., 
in  January  1925,  and  from  Dome  and  Mesa,  Ariz.,  in  February  1925, 
it  appeared  that  some  of  the  groups  might  have  a  higher  rubber  con- 
tent than  others.  Many  other  determinations  of  rubber  content 
were  made  on  individual  plants  from  these  and  other  localities  from 
1924  to  1932,  and  with  a  few  exceptions  the  majority  of  the  analyses 
fell  within  the  ranges  shown  in  table  2. 

To  obtain  further  information  regarding  the  nature  of  these  differ- 
ences, two  series  of  samples  were  taken  from  two  large  plants,  and 
duplicate  analyses  were  made  of  each  sample  (table  3).  The  rubber 
content  of  the  samples  ranged  from  3.05  to  3.94  percent.  The  greatest 
difference  between  the  duplicate  analyses  was  that  between  3.35  and 
3.42  percent,  so  that  the  error  in  sampling  appears  to  be  several  times 
as  great  as  the  error  in  analysis.     As  each  plant  usually  consists  of 
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150  to  200  stems,  each  of  the  6-stem  samples  would  represent  approxi- 
mately only  3  or  4  percent  of  the  plant,  so  that  variation  in  such 
samples  would  be  expected,  but  the  method  of  taking  samples  would 
not  explain  the  wide  range  of  differences  among  the  wild  plants 
shown  in  table  2. 

Table  2. — Rubber  in  wild  plants  from  different  localities 


State  and  locality                                              Date  collected 

Plants 

Range  in 
rubber  con- 
tent 

Arizona: 

Dome 

Mesa.     

February  1925    . 

Number 
10 
12 
8 
6 
10 
10 
10 

10 
8 
10 

10 
34 

20 

Percent 
0  62-2  48 

do 

1  33  3  45 

Parker . 

April  1927 

1  98  3  80 

Superior.  .     

September  1924 

1  75-4  29 

Sentinel. .. 

September  1925 

2  24-4  50 

Tempe 

May  1928 

1  61  2  35 

Yuma 

January  1927 

1  98-3  85 

California: 

Bard 

1  59-4  49 

Oasis..  

do 

1  57  3  67 

Holtville... 

January  1931 

2  63-4  29 

Sonora,  Mexico: 

El  Doctor 

April  1931 -. 

2  05-3  85 

San  Luis .     

March  1925 

1  61-5  09 

Do 

January  1926 

1  75-4  14 

Table  3. — Duplicate  rubber  determinations  of  samples  from  2  Asclepias  subulata 
plants,  and  mean  rubber  percentage  and  range  for  each  plant 


Rubber  content 

Sample  number 

Plant  1 

Plant  2 

Individual 
determi- 
nation 

Mean 

Individual 
determi- 
nation 

Mean 

1 

Percent 
3.50 
3.50 
3.65 
3.60 
3.73 
3.73 
3.72 
3.68 
3.80 
3.80 
3.45 
3.45 
3.95 
3.93 
3.58 
3.55 

Percent 
}               3.50 

}               3.62 

}               3.73 

}               3.70 

}               3.80 

3.45 

}               3.94 

}               3.56 

Percent 
3.67 
3.60 
3.57 
3.57 
3.80 
3.78 
3.08 
3.03 
3.77 
3.70 
3.35 
3.42 
3.77 
3.75 
3.83 
3.85 

Percent 

3.63 

}                3.57 

1 

2 

2 

3 

}  3. 79 
1 

3 

4 

4 

3.05 
}                3.73 

5 

5 

6 

}  3.38 
}                 3. 76 

6 

7 

7 

8 

}                 3.84 

8 

Mean.    ._ ........    ...    . 

3.  66±  i  0. 057 

3.  59±  •  0.  093 

Range.    .'.-.,''•''' 

3  45-3  9-1 

3  05-3  84 

1  Standard  error. 


PROPAGATION  AND  CULTURAL  METHODS 


Numerous  unsuccessful  attempts  were  made  to  propagate  the  plants 
vegetatively  by  cuttings  and  root-crown  divisions  and  by  budding. 
However,  no  difficulty  was  encountered  in  germinating  the  seed  or  in 
transplanting  seedlings,  and  several  large  plants  were  successfully 
transplanted.  All  of  the  experimental  plantings  were  made  from 
selected  seed. 
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The  wild  plants  were  marked  when  sampled  and  later  seed  from 
high  rubber-yielding  individual  plants  were  collected  separately  and 
planted  as  selections.  Also  general  plantings  were  made  of  seeds 
from  groups  of  plants  all  of  which  had  a  high  percentage  of  rubber. 

The  individual  selections  were  started  in  small  tar-paper  pots  and 
transplanted  to  the  field  when  6  to  8  inches  tall.  The  general  plant- 
ings were  made  with  a  small  hand  planter,  at  the  rate  of  about  2 
pounds  of  seed  to  the  acre,  in  rows  spaced  3  feet  apart  in  preirrigated 
seed  beds.  When  the  seedlings  reached  a  height  of  approximately 
6  inches  they  were  thinned  to  a  distance  of  about  3  feet  in  the  rows. 
Other  spacings  are  being  tried  in  order  to  determine  the  optimum 
condition  of  growth. 

The  seed  beds  were  irrigated  as  soon  as  necessary  after  planting, 
and  during  the  first  2  years  the  plantings  were  cultivated  and  irri- 
gated in  the  spring  and  again  in  the  summer.  After  that  time  the 
plants  usually  were  large  enough  to  overlap  in  the  rows  and  further 
cultivation  was  not  feasible  or  necessary,  but  irrigation  was  applied 
as  needed. 

Under  favorable  conditions  the  seed  germinated  within  7  or  8 
days  and  the  seedlings  made  rapid  growth,  developing  from  a  single 
stem  to  a  many-stalked  plant  during  the  first  year.  Seedlings  when 
1  month  old  averaged  2l/2  inches  in  height  and  had  5  pairs  of  true 
leaves.  Year-old  plants  under  field  conditions  averaged  33.9  inches 
in  height  and  5  inches  in  circumference  at  the  base  and  had  65  stems; 
2-year-old  plants  averaged  39.7  inches  in  height  and  10.7  inches  in 
circumference  at  the  base  and  had  121  stems;  3-year-old  plants 
averaged  46.2  inches  in  height  and  11.8  inches  in  circumference  at 
the  base  and  had  149  stems. 

Flowers  and  pods  are  developed  during  the  first  year,  and  there- 
after, especially  with  plants  irrigated  in  the  spring,  there  are  two 
definite  flowering  periods,  the  first  during  May  and  June  and  the 
second  in  September.  Most  of  the  pods  from  the  first  flowering 
period  are  mature  when  the  second  period  starts.  During  the 
second  period  only  a  few  flowers  are  produced  and  the  pods  seldom 
reach  maturity  on  account  of  cold  weather. 

RUBBER    CONTENT    IN    RELATION    TO    GROWTH,    FRUITING,    AND 

DORMANCY 

Plants  of  Asclepias  subulata  under  normal  conditions  produce  vege- 
tative growth  and  fruit  during  the  spring  and  summer  and  are  dormant 
during  the  fall  and  winter.  Data  collected  from  a  few  individual 
plants  indicated  that  there  was  a  tendency  for  the  percentage  of 
rubber  to  fluctuate  with  such  changes  in  the  plant  activity,  and  several 
experiments  were  conducted  from  1924  to  1932,  to  provide  infor- 
mation on  this  point. 

In  one  of  these  experiments  15  plants  growing  on  the  station  were 
sampled  and  analyzed  every  3  months  from  January  1927  to  October 
1930.  At  the  time  of  the  first  analysis  the  plants  were  about  2% 
years  old,  having  been  planted  July  7,  1924,  and  the  spacing  was 
approximately  3  by  3  feet.  The  plat  was  irrigated  and  cultivated 
at  about  4-month  intervals  during  the  first  2  years,  and  once  each 
spring  thereafter.     The  results  of  these  analyses  are  given  in  table  4. 
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It  will  be  noted  that  the  percentage  of  rubber  in  each  plant 
fluctuated  widely  during  the  4  years  and  also  that  the  periods  of 
plant  activity  were  not  the  same  for  all  plants/  With  such  variation 
in  the  time  of  plant  activity,  differences  in  the  rubber  content  are 
not  equally  significant  at  each  date  of  analysis.  However,  when  the 
rubber  content  of  the  individual  plants  during  the  periods  of  plant 
activity  is  compared  with  analyses  representing  dormant  periods,  dif- 
ferences in  favor  of  the  dormant  periods  are  shown  by  all  the  plants 
(table  5).  Also,  it  will  be  seen  that  the  minimum  rubber  content  of  each 
plant  was  recorded  during  a  period  of  plant  activity  and  that  the  max- 
imum was  recorded  during  a  dormant  period.  The  fact  that  all  15 
plants  had  a  higher  rubber  content  during  the  dormant  period  definitely 
indicates  that  the  rubber  content  is  affected  by  the  physical  condition 
of  the  plant. 

Table  5. — Mean  rubber  percentage  of  samples  of  15  Asclepias  subulata   plants 
during  periods  of  plant  activity  and  dormancy  from  January  1927  to  October  1980 


Plant  no. 

Mean    rubber    per- 
centage during  pe- 
riods of— 

Mean 
differ- 
ence in 
rubber 
percent- 
age 

Plant  no. 

Mean    rubber    per- 
centage during  pe- 
riods of— 

Mean 
differ- 
ence in 
rubber 

Activity 

Dormancy 

Activity 

Dormancy 

percent- 
age 

1  

1.52 
1.94 
1.59 
1.74 
1.56 
2.31 
2.39 
1.63 

2.29 
2.40 
2.03 
2.29 
2.23 
2.90 
3.62 
2.29 

0.77 
.46 
.44 
.55 
.67 
.59 

1.23 
.66 

9 

1.60 
2.25 
1.48 
1.66 
1.67 
2.46 
1.77 

2.47 
3.07 
2.51 
2.53 
2.58 
2.80 
2.37 

0.87 

2 

10 

.82 

3     . 

11  -. 

1.03 

4     . 

12 

.87 

5  .. 

13 

.91 

6 

14 

.34 

7 

15 

.60 

3 

Mean 

1.84 

2.56 

.72 

The  responsiveness  of  Asclepias  subulata  plants  to  favorable 
climatic  conditions  was  clearly  shown  during  the  winter  of  1929-30. 
During  August  and  September  of  1929  the  rainfall  amounted  to  3.38 
inches,  which  was  three  times  the  normal  rainfall  for  these  months. 
This  additional  moisture  and  the  mild  winter  that  followed  brought 
about  an  active  vegetative  condition  of  the  plants,  and  new  growth 
was  produced  by  3  plants  in  October  1929  and  by  12  plants  in  January 
1930.  This  period  of  plant  activity  was,  no  doubt,  responsible  for 
the  comparatively  low  percentage  of  rubber  recorded  during  these 
months. 

Another  series  of  comparisons  for  learning  effects  of  plant  activity 
on  the  rubber  content  was  conducted  with  five  wild  plants  in  the 
vicinity  of  Mesa,  Ariz.  This  was  made  possible  through  the  cooper- 
ation of  Evens  Blewett,  of  Mesa,  and  of  Harvey  M.  Hall  and  Frances 
Long,  of  the  Carnegie  Institution.  The  plants  selected  were  sampled 
by  Mr.  Blewett  about  the  first  of  each  month,  from  February  to 
August  1927  and  again  in  December  1927.  The  samples  were  divided 
into  two  sections,  representing,  respectively,  the  apical  and  the  basal 
portions  of  the  stems.  Dr.  Long  made  the  rubber  determinations 
for  February  and  March,  but  was  unable  to  continue,  and  thereafter 
the  analyses  were  made  at  Bard.  The  range  and  mean  percentage  of 
rubber  for  the  apical  and  basal  portions  of  the  five  plants  analyzed 
each  month  is  given  in  table  6. 
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Table  6. — Range  and  mean  percentage  of  rubber,  during  periods  of  plant  activity 
and  dormancy  from  February  to  December  1927,  for  the  apical  and  basal  portions 
of  5  wild  Asclepias  subulata  plants  growing  near  Mesa,  Ariz. 


Condition  of  plants 

Percentage  of  rubber  for— 

Month 

Apical  portion 

Basal  portion 

Range 

Mean 

1 
Range        Mean 

February...        .     -                    _•      .  . 

Dormant    .  -.  ...  . 

2.  64-4.  51 
1. 97-5. 90 
1.  42-3.  36 
.  96-3.  18 
1.  56-3.  46 

1.  66-3.  92 

2.  36-4.  21 

3.31 
3.89 
2.19 
2.13 
2.34 
2.61 
3.41 

1. 01-3. 24 

1.  28-3.  00 
.  62-1.  50 
.  52-1.  49 
.  70-1.  32 
.  59-1.  62 

1. 12-2.  61 

2.03 

March.  .  .  ... 

do 

2.18 

May.   -     -----              .. 

.99 

June 

July 

August. . 

do 

do 

Dormant     ...  .  

.87 
1.01 
1.05 

December 

•-d0    - 

1.72 

While  no  definite  records  were  made  regarding  the  condition  of  the 
plants  when  sampled,  the  stems  received  from  Mr.  Blewett  indicated 
that  they  followed  the  usual  growth  cycle.  The  stems  collected  in 
May  and  June  bore  a  few  flowers  and  pods,  and  the  July  samples 
had  a  few  mature  pods  on  the  stems,  indicating  that  the  plants  were 
active  during  the  spring  and  were  practically  dormant  when  sampled 
in  July. 

The  plants  had  a  higher  percentage  of  rubber  during  the  dormant 
period  than  during  the  active  period,  and  this  difference  appeared  in 
both  apical  and  basal  samples.  In  the  case  of  the  apical  portion,  the 
mean  rubber  content  for  May,  June,  and  July  was  2.22  percent,  and  for 
February,  March,  August,  and  December  the  mean  percentage  of 
rubber  was  3.31,  a  difference  of  1.09  percent  in  favor  of  the  dormant 
period.  During  the  active  period  the  basal  portion  had  a  mean  per- 
centage of  0.96  as  contrasted  with  1.75  percent  for  the  dormant 
period,  a  difference  of  0.79  percent  in  favor  of  the  dormant  period. 

The  consistently  higher  percentage  of  rubber  in  the  apical  portion 
of  the  stems  is  due  to  the  fact  that  this  portion  of  the  plant  has  less 
woody  fiber,  which  contains  very  little  rubber,  while  a  much  greater 
percentage  of  rubber  is  found  in  the  bark.  Samples  analyzed  in  1929 
showed  that  the  bark  represented  52.8  percent  of  the  dry  weight  of  the 
apical  portion  of  the  stems  and  37.4  percent  of  the  basal  portion.  For 
the  entire  sample  the  rubber  content  of  the  bark  was  5.99  percent  and 
that  of  the  woody  center  was  0.10  percent. 

The  results  of  plant  activity  on  the  rubber  content  of  the  plants  in 
this  experiment  are  similar  to  those  recorded  in  the  previous  experi- 
ment, although  the  plants  were  grown  under  different  climatic  and 
environmental  conditions.  Other  data,  collected  from  both  wild  and 
cultivated  plants,  showed  the  same  tendency. 

DATA  ON  SUCCESSIVE  CROPS 

The  ability  of  Asclepias  subulata  plants  to  produce  new  stems  from 
the  root  crown  after  tne  tops  have  been  cut  or  destroyed  suggests 
tne  possibility  of  obtaining  successive  crops  from  the  same  root 
stocks.  The  intervals  between  cuttings  would  depend  on  the  amount 
of  new  growth  and  the  time  required  for  such  growth  to  develop  a 
sufficient  amount  of  rubber.  To  obtain  some  information  of  this 
nature,  several  experiments  were  undertaken,  and  while  the  results 
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are  not  conclusive,  some  information  was  obtained  on  the  rate  of 
growth  and  production  of  new  stems  and  on  the  rate  of  increase  in  the 
rubber  content  of  such  growth. 

Under  cultivation  on  the  Bard  station,  Asclepias  subulata  plants 
reach  their  full  size  in  3  years  and  attain  their  maximum  rubber 
content  in  about  4  years.  The  rubber  content  showed  a  constant 
increase  during  the  first  4  years,  after  which  it  appeared  to  fluctuate 
within  a  narrow  margin.  The  low  rubber  content  of  the  5-year-old 
plants  probably  was  due  to  the  production  of  new  growth  when  the 
majority  of  these  plants  were  sampled.  The  frequency  distribution 
and  mean  percentage  of  rubber  of  plants  from  1  to  7  years  old  are 
recorded  in  table  7. 

Table  7. — Frequency   distribution   and   mean   percentage   of  rubber   of  cultivated 
Asclepias  subulata  plants,  1  to  7  years  old 


Age  of 
plants 
(years) 

'  Number  of  plants  showing  indicated  percentage  of  rubber 

Mean 

0.00  to 
0.50 

0.51  to 
1.00 

1.01  to 
1.50 

1.51  to 
2.00 

2.01  to 
2.50 

2.51  to 
3.00 

3.01  to 
3.50 

3.51  to 
4.00 

4.01  to 
4.50 

4.51  to 
5.00 

percent- 
age of 
rubber 

1 

73 
3 
0 
0 
0 
0 
0 

93 
39 
0 
2 
0 
0 
1 

32 
78 
21 
9 
24 
1 
6 

19 
93 
84 
43 
34 
6 
16 

5 
74 
75 
52 
22 
13 
17 

0 
21 
52 
36 
5 
6 
26 

0 
4 
18 
17 
4 
2 
13 

0 
0 
5 
11 
0 
2 
6 

0 
0 
2 
2 
0 
0 
1 

0 
0 
0 
3 
0 
0 
1 

0.78 

2... 

1.72 

3  .. 

2.22 

4 

2.49 

5 

1.89 

6 

2.42 

7 

2.52 

In  1926  and  1927  a  number  of  2-,  3-,  and  4-year-o]d  plants  and  a 
few  wild  plants  were  harvested  during  the  spring,  summer,  fall,  and 
winter,  and  data  were  recorded  on  the  rate  of  growth  and  the  increase 
in  rubber  content  of  the  new  growth.  The  experiment  begun  in  1926 
consisted  of  12  plants  planted  in  July  1924  and  referred  to  as  2-year- 
old  plants,  and  12  plants  planted  in  April  1923  and  referred  to  as 
3-year-old  plants.  Three  plants  from  each  planting  were  cut  off 
within  a  few  inches  of  the  ground  during  January,  April,  July,  and 
October  (fig.  3). 

The  subsequent  growth  of  the  plants  that  were  harvested  in  October 
was  killed  by  cold  weather  in  December.  The  height,  number  of 
stems,  rubber  content,  and  data  for  the  subsequent  growth  of  the 
other  plants  when  1  and  2  years  old  are  shown  in  table  8. 

Table  8. — Mean  height,  number  of  stems,  and  rubber  percentage  of  plants  of 
Asclepias  subulata  2  and  3  years  old  when  harvested,  and  of  the  new  growth  1  and 
2  years  later 


Month  and  year  harvested  and  age  of 
stems 

2-year-old  plants 

3-year-old  plants 

Height 

Stems 

Rubber 
content 

Height 

Stems 

Rubber 
content 

January  1926  (2  years) 

Inches 
35.0 
40.7 
138.1 
33.6 
41.0 
41.6 
40.0 
17.5 
23.5 

Number 
68 
189 
173 
71 
155 
158 
117 
123 
133 

Percent 
2.08 
1.15 
2.58 
2.66 
1.49 
1.93 
2.09 
1.64 
1.70 

Inches 
46.6 
39.7 
i  33.3 
42.0 
34.6 
34.6 
51.3 
24.0 
24.0 

Number 
288 
592 
586 
162 
252 
256 
252 
271 
279 

Percent 
1.98 

January  1927  (new  growth  at  age  of  1  year). 
January  1928  (new  growth  at  age  of  2  years) . 
April  1926  (2  years). 

1.48 
2.31 
2.85 

April  1927  (new  growth  at  age  of  1  year) 

April  1928  (new  growth  at  age  of  2  years) 

July  1926  (2  years) 

1.22 
2.07 
2.24 

July  1927  (new  growth  at  age  of  1  year) 

July  1928  (new  growth  at  age  of  2  years) 

1.11 
1.39 

Tips  of  stems  killed  by  frost. 
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Ratooning  resulted,  in  the  case  of  plants  harvested  in  January 
and  April,  in  a  marked  increase  in  the  number  of  stems,  which  in  a 
year's  time  were  as  tall  as  the  original  plants  (fig.  4).  Although 
the  3-year-old  plants  had  many  more  stems,  the  increase  due  to 
ratooning  is  in  nearly  the  same  ratio  as  for  the  2-year-old  plants. 
No  increase  in  size  or  number  of  stems  was  recorded  during  the  second 
year;  The  rubber  content  of  plants  harvested  in  January  was  higher 
2  years  after  ratooning.  While  the  rubber  content  of  the  April- 
harvested  plants  increased  steadily,  it  did  not  attain  the  percentage 
of  the  original  stems. 

The  plants  that  were  harvested  in  July  did  not  grow  as  rapidly 
as  those  harvested  in  January  and  April.     Two  years  after  harvesting 


Figure  4. 


-New  growth  of  Asdepias  subulata  plant  (A)  6  and  (B)  12  months  after  plant  (figure  3,  A) 
was  cut  back. 


the  new  stems  were  about  one-half  the  height  of  the  original  plants, 
and  the  number  of  stems  was  only  slightly  increased,  but  the  rubber 
content  increased  at  about  the  same  ratio  as  in  the  other  dates  of 
harvesting. 

An  experiment  was  begun  in  January  1927  with  sixty  4-year-old 
station  plants  and  20  wild  plants  from  the  Yuma  mesa.  These  plants 
were  divided  into  four  groups,  each  group  consisting  of  15  station 
plants  and  5  wild  plants,  harvested  during  January,  April,  July,  and 
October.  For  4  consecutive  years  the  mean  height,  number  of  stems, 
and  percentage  of  rubber  were  determined  for  each  group  of  plants 
when  harvested  and  for  the  new  growth.  These  data  are  given  in 
table  9. 
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Table  9 — Mean  height,  number  of  stems,  and  rubber  content  of  15  cultivated  plants 
of  Asclepias  subulata,  harvested  when  4  years  old,  and  of  5  wild  plants  from  the 
Yuma  mesa,  harvested  on  the  same  dates,  and  of  samples  of  the  new  growth  collected 
each  year 


Station  plants 


Month  and  year  harvested  and  age  of  stems 


January  1927  (4  years) 

January  1928  (new  growth  at  age  of  1  year)  _ 
January  1929  (new  growth  at  age  of  2  years) . 
January  1930  (new  growth  at  age  of  3  years) . 
January  1931  (new  growth  at  age  of  4  years) . 

April  1927  (4  years) 

April  1928  (new  growth  at  age  of  1  year) .. . 
April  1929  (new  growth  at  age  of  2  years) . . 
April  1930  (new  growth  at  age  of  3  years) . . 
April  1931  (new  growth  at  age  of  4  years) . . 

July  1927  (4  years) 

July  1928  (new  growth  at  age  of  1  year) 

July  1929  (new  growth  at  age  of  2  years) ... 
July  1930  (new  growth  at  age  of  3  years). .. 
July  1931  (new  growth  at  age  of  4  years). .. 

Octoher  1927  (4  years) 

October  1928  (new  growth  at  age  of  1  year) . 
October  1929  (new  growth  at  age  of  2  years)  _ 
October  1930  (new  growth  at  age  of  3  years) . 
October  1931  (new  growth  at  age  of  4  years) . 


Height 


Inches 
41.7 
27.3 
28.1 
51.3 
52.8 
37.0 
28.2 
28.6 
46.7 
46.4 
42.0 
25.3 
39.0 
48.3 
50.0 
36.7 
21.7 
41.0 
40.0 
39.2 


Stems 


Number 
139 
261 
267 
234 
239 
76 
90 
99 
107 
99 
74 
139 


135 

118 
73 
101 
101 
135 


Rubber 
content 


Percent 

2.18 

1.83 

2.52 

I  1.51 

1.96 

i  1.97 

1.58 

2.40 

i  1.85 

2.57 

•  2.49 

1.37 

i  1.77 

»  1.87 

'2.99 

i  2.92 

2.39 

i  2.72 

12.80 

3.59 


Wild  plants 


Height 


Inches 
46.0 
35.5 
37.0 
37.0 
43.0 
40.0 
34.2 
40.0 
51.0 
51.0 
48.4 
26.6 
32.0 
44.0 


34.2 

27.7 
28.0 
36.0 


Stems 


Number 
121 
316 
266 
310 
315 

73 
165 
173 
140 
137 

91 
227 
179 
190 


gfi 


Rubber 
content 


Percent 

2.87 

2.95 

4.01 

13.66 

3.66 

12.52 

1.30 

i  1.75 

12.77 

12.55 

i  2.68 

1.53 

12.17 

12.44 


3.62 

3.84 

3.45 

12.53 


i  Plants  flowering  and  producing  pods. 

These  plants,  with  the  exception  of  the  October  harvest,  also 
showed  an  average  increase  in  the  number  of  stems,  due  to  ratooning, 
although  the  rate  of  growth  was  somewhat  slower  than  that  of  the 
plants  ratooned  in  1926.  The  new  growth  for  each  period  of  harvest- 
ing had  practically  reached  its  maximum  size  and  number  of  stems  at 
the  end  of  the  third  }Tear,  and  in  most  cases  the  plants  were  larger  than 
when  harvested.  October  is  apparently  too  late  in  the  season  to 
harvest.  In  1926  all  October-harvested  plants  died,  and  in  the  1927 
experiment  the  ratooning  process  reduced  the  number  of  stems  for  a 
3-year  period.  The  rubber  content  in  the  new  growth  fluctuated  con- 
siderably during  the  4  years,  due  no  doubt  to  the  error  of  sampling 
and  to  the  climatic  conditions  encountered  during  the  different  years. 

The  results  of  these  two  experiments  indicate  that  the  cultivated 
plants  reach  their  maximum  size  and  rubber  content  about  3  or  4 
years  after  planting  and  that  the  new  growth  produced  by  wild  and 
cultivated  plants  after  ratooning  reaches  its  maximum  size  and  rubber 
content  in  about  the  same  period.  Therefore,  the  maximum  yield  of 
rubber  could  be  expected  from  plants  about  3  years  old  and  harvested 
during  a  dormant  period,  with  successive  crops  at  approximately 
3-year  intervals. 


EFFECT    OF    SPACING    ON    PLANT    DEVELOPMENT    AND    RUBBER 

CONTENT 

Plant  measurements  and  rubber  determinations  were  made  for 
several  different  spacings  between  plants  in  the  rows  as  well  as  for  a 
small  broadcast  area.  The  small  broadcast  planting  was  made  in 
April  1923,  and  70  plants  were  harvested  and  weighed  in  January 
1926  from  an  area  of  143  square  feet.  The  mean  dry  weight  per 
plant  was  0.72  pound  and  the  mean  rubber  content  1.99  percent.  At 
this  rate,  an  acre  yield  of  18,327  pounds  of  dry  plant  material,  or 
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365  pounds  of  rubber,  might  be  calculated.  Though  comparisons 
with  yields  of  plants  in  wider  spacings  were  not  made  at  this  time,  the 
results  obtained  from  this  small  area  would  afford  a  slight  indication 
of  yields  of  rubber  that  might  be  obtained  on  a  scale  of  commercial 
production. 

A  bulk  planting  in  April  1927  consisted  of  10  rows  3%  feet  apart  and 
165  feet  long.  The  seed  was  planted  at  the  rate  of  2  pounds  to  the  acre 
in  beds  previously  irrigated  and  harrowed,  and  a  good  stand  was  ob- 
tained. Five  of  the  rows  were  thinned  to  1  plant  every  2  feet  and  the 
other  5  left  unthinned.  A  section  of  the  un thinned  and  2-foot  spaced 
plants,  approximately  1  year  after  planting,  is  shown  in  figure  5. 

In  May  1928,  when  the  plants  were  about  1  year  old,  a  section 
12  feet  long  was  harvested  across  the  10  rows,  and  the  height,  number 
of  stems,  dry  weight,  and  rubber  content  of  the  plants  recorded.  The 
individual  2-foot  spaced  plants  were  larger  in  all  respects  and  had  a 
slightly  higher  rubber  content  than  the  unthinned  plants,  but  the 
total  yield  of  dry  plant  material  from  the  harvested  area  of  unthinned 
plants  was  more  than  twice  as  great  as  that  from  the  2-foot  spacing, 
and  the  yield  of  rubber  was  1.82  times  as  great.  These  data  indicated 
an  acre  rubber  yield  of  70.63  pounds  for  the  unthinned  rows  and 
37.75  pounds  for  the  plants  spaced  2  feet  apart  in  the  rows. 

On  April  3,  1928,  another  planting  was  made  with  rows  spaced  1, 
2,  3,  and  4  feet  apart.  A  good  stand  was  obtained  and  on  June  25 
the  plot  was  divided  into  two  sections ;  the  plants  in  one  section  were 
thinned  to  1  plant. every  3  feet  in  the  rows,  with  the  exception  of  the 
1-foot  rows,  which  were  left  unthinned  in  both  sections. 

A  20-foot  section  was  harvested  across  the  rows  of  both  sections  in 
November  1929,  and  the  mean  size  and  rubber  content  of  the  plants 
was  determined  for  each  row  spacing  of  the  unthinned  and  thinned 
sections.  The  individual  plants  of  the  thinned  rows  of  all  of  the  row 
spacings  were  larger  in  all  respects  than  those  of  the  unthinned  rows. 
However,  the  larger  number  of  plants  in  unthinned  rows  more  than 
balanced  this  increase  in  plant  size,  as  the  unthinned  rows  produced 
more  plant  material  in  each  comparison  with  the  thinned  rows 
(table  10). 

Table  10. — Percentage  of  rubber  in  dry  plant  material,  and  the  computed  acre 
yields  of  dry  plant  material  and  rubber  for  plants  and  rows  of  different  spacing 


Space  be- 
tween rows 

Space  be- 
tween 
plants 

Rubber 

content  of 
dry  plant 
material 

Computed 

acre  yield  of 

dry  plant 

material 

Computed 
acre  yield 
of  rubber 

Feet 
1 
2 
2 
3 
3 
4 
4 

Feet 

(') 
(') 

3 
0) 

3 
0) 

3 

Percent 
2.25 
2.13 
2.23 
2.41 
2.37 
1.'97 
2.04 

Pounds 
9,431 
6,067 
4,  096 
6,  899 
3,663 
7,972 
3,483 

Pounds 
212 
130 

91 
166 

87 
157 
71 

Plants  unthinned. 


The  results  of  these  experiments  indicate  that  although  the  indi- 
vidual plants  are  reduced  in  size  and  weight,  larger  yields  of  rubber 
could  be  expected  from  closely  spaced  plants  and  that  the  cost  of 
cultivation  would  be  reduced,  as  very  few  weeds  grow  in  the  closely 
spaced  rows. 
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BREEDING  WORK 

The  pollination  of  Asclepias  subulata  is  rather  complex,  and  for 
that  reason  the  breeding  and  maintaining  of  desirable  strains  is  very 
difficult.  It  is  reported  that  the  flowers  of  Asclepias  are  infertile 
not  only  to  their  own  pollen  but  also  to  that  derived  from  plants 
raised  vegetatively  from  the  same  stock  (7).  Several  unsuccessful 
attempts  were  made  to  secure  self-pollinated  seed  from  high  rubber- 
yielding  plants  and  to  propagate  such  plants  by  cuttings,  by  divi- 
sions of  the  root  crown,  and  by  budding. 

The  flowers  of  this  species  are  especially  adapted  to  cross-pollina- 
tion by  insects,  as  the  pollen  is  found  on  special  organs,  the  pollinia, 
five  in  each  flower,  which  are  located  in  stigmatic  chambers  that  alter- 
nate with  fleshy  petaloid  appendages.  Each  of  these  chambers  has 
a  narrow  slit  into  which  the  claw  of  a  visiting  insect  may  slip,  so 
that  pollinia  are  lifted  out  on  the  claws  of  the  insects  and  carried  to 
the  stigmatic  chambers  of  other  flowers,  thus  effecting  pollination. 

Several  hybrid  pods  were  obtained  by  hand-  and  insect-controlled 
pollination.  These  operations,  however,  are  very  uncertain  and  tedi- 
ous, and  the  viability  of  the  seed  was  very  low.  Only  a  few  seedlings 
were  obtained  and  these,  unfortunately,  did  not  survive  when  trans- 
planted to  the  field. 

In  cross-pollinating  by  hand,  a  long  slender  needle  with  a  small 
hook  on  the  point  was  used.  The  needle  was  slipped  into  the  slit, 
as  in  the  case  of  the  insect  claw,  and  gently  drawn  upward,  pulling 
the  hook  and  pollinium  out,  and  a  foreign  pollinium  was  introduced. 
The  controlled  crosses  by  insects  were  obtained  by  placing  a  16-mesh 
screen  cage  over  two  plants  of  different  strains.  When  these  plants 
began  to  flower,  several  large  wasps,  Pepsis  formosa  (Say),  commonly 
called  tarantula  hawk,  which  apparently  do  most  of  the  pollinating 
of  the  native  milkweeds,  were  placed  in  the  cage.  These  wasps  were 
carefully  examined  to  make  sure  that  no  pollinia  were  attached  to 
their  claws  when  introduced. 

INSECT  PESTS 

Asclepias  subulata  appears  to  be  comparatively  free  from  insect 
pests.  Only  three  have  been  observed  to  injure  the  wild  or  cultivated 
plants. 

A  species  of  aphid  (Aphis  nerii  Fonscolombe  or  A.  luiescens 
Monell)  has  been  found  to  cause  considerable  damage  to  the  tender 
seedlings  and  young  growth,  in  some  instances  killing  the  seedlings. 
These  insects  usually  appear  in  the  spring  and  remain  until  midsum- 
mer, and  are  as  abundant  on  the  wild  plants  as  on  the  cultivated. 
They  can  be  satisfactorily  controlled  with  40  percent  nicotine 
sulphate  spray. 

A  sucking  insect,  the  hemipteron  Oncopeltus  jasciatus  (D all.),  feeds 
on  the  pods  in  the  fall.  These  insects,  which  collect  in  colonies  on 
the  pods,  cause  considerable  damage  to  the  seeds.  In  order  to 
ascertain  the  amount  of  the  damage,  a  number  of  small  pods  that 
had  not  been  attacked  were  covered  by  glazed  bags,  and  another 
series  of  pods,  on  which  the  insects  were  feeding,  were  tagged.  As 
the  pods  matured  they  were  collected  and  a  germination  test  made. 
The  percentage  of  viable  seeds  from  the  protected  pods  was  82.6, 
while  only  6  percent  of  the  unprotected  seeds  germinated.     However, 
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as  these  insects  appear  in  the  late  summer,  after  the  majority  of  the 
pods  have  matured,  the  damage  is  not  considered  of  great  importance. 
The  larva  of  the  monarch  or  milkweed  butterfly,  Danaus  menippe 
(Hbn.),  causes  some  damage  to  the  small  plants  for  a  brief  period 
during  the  summer  months.  These  insects  are  not  very  abundant 
and  can  be  controlled  by  dusting  the  plants  with  lead  arsenate. 

SUMMARY 

The  investigations  conducted  at  the  United  States  Acclimatization 
Garden  near  Bard,  Calif.,  with  Asclepias  subulata  (one  of  the  desert 
milkweeds)  show  that  harvested  plant  material  when  stored  for  a 
period  of  2  years  showed  no  appreciable  loss  in  the  rubber  content, 
but  plant  material  when  left  exposed  to  the  weather  after  being  har- 
vested lost  practically  all  of  its  rubber  within  90  days. 

In  Arizona  and  California  and  in  Sonora  and  Baja  California, 
Mexico,  the  rubber  percentage  of  the  wild  plants  examined  ranged 
from  0.5  to  6.0  percent,  with  a  mean  of  2.86  percent.  Seeds  selected 
from  high-yielding  wild  plants  and  grown  under  cultivation  at  Bard 
had  a  maximum  rubber  content  of  5  percent  in  3-year  and  4-year 
plants,  the  age  at  which  the  plants  reached  their  maximum  size. 

The  results  of  the  experiments  herein  reported  indicate  that  the 
rubber  content  of  the  wild  and  cultivated  plants  is  highest  during 
the  dormant  period,  which  usually  occurs  in  the  fall  and  winter. 

Plants  harvested  in  January  and  April  ratooned  rapidly  and  pro- 
duced a  greater  number  of  stems,  while  those  harvested  in  July 
ratooned  slowly.  Plants  harvested  in  October  died  or  recovered 
very  slowly.  New  growth  and  rubber  produced  by  plants  2%  to  3 
years  after  ratooning  often  exceeded  that  of  the  original  plants. 

Closely  spaced  plants  produced  larger  yields  of  rubber  than  did 
wide-spaced  plants.  Unthinned  2-year-old  plants  in  rows  1  foot 
apart  produced  rubber  at  the  rate  of  212  pounds  to  the  acre,  as  com- 
pared with  a  rate  of  71  pounds  to  the  acre  for  plants  spaced  3  feet 
apart  in  rows  4  feet  apart. 

The  development  of  high-yielding  strains  through  selection  is  likely 
to  prove  difficult,  as  the  flowers  are  self-sterile,  artificial  pollination 
is  a  very  slow  and  tedious  process,  and  vegetative  propagation  by 
buds,  cuttings,  or  divisions  of  the  root  crown  has  not  proved  feasible. 

Only  three  species  of  insects  have  been  observed  to  injure  the  plants 
and  pods.  The  damage  caused  by  these  pests  is  comparatively  slight 
and  control  methods  have  been  fairly  successful. 
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INTRODUCTION 

In  many  agricultural  areas  there  are  soils  which  are  inferior  to  the 
soils  in  the  immediate  neighborhood  in  that  they  are  relatively  in- 
fertile. In  most  cases  the  cause  of  inferiority  is  apparent;  such  as 
rough  stony  land,  shallow  soil,  poor  drainage,  and  the  lack  of  enough 
clay  to  retain  moisture  and  plant-food  elements. 

In  some  cases,  however,  there  are  soils  which  from  all  ordinary  ap- 
pearances and  climatic  considerations  should  be  more  productive 
than  they  really  are.  This  investigation  was  undertaken  for  the  pur- 
pose of  determining,  if  possible,  the  cause  of  such  infertility.  Notable 
examples  of  these  soils  are  found  in  the  Conowingo  Barrens  on  the 
serpentine  outcrops  in  Maryland  and  Pennsylvania.  Other  soils  of 
like  character  have  been  described  in  soil  literature.  They  are  the 
soils  on  the  Great  Dyke  in  South  Africa  and  the  Nipe  and  related 
soils  of  Cuba  and  Puerto  Rico. 

The  Conowingo,  Nipe,  and  Great  Dyke  soils,  although  widely 
separated  geographically  and  ranging  in  character  from  podzolitic  to 
lateritic  types,  have  one  thing  in  common.  They  are  formed  from 
strata  high  in  magnesia,  generally  diorites,  which  alter  into  ser- 
pentine and  chlorite.  These  rocks  differ  from  granites  and  gneisses 
in  that  they  are  extremely  high  in  magnesia,  generally  low  in  lime, 
and  always  low  in  potash  and  soda.    They  may  be  low  in  alumina, 

108115°— 35 1 


2    TECHNICAL  BULLETIN  471,  U.  S.  DEPT.  OF  AGRICULTURE 

as  in  serpentine,  or  high  in  alumina,  as  in  chlorite.     Practically  all 
these  basic  rocks  are  comparatively  high  in  nickel  and  chromium. 

Since  the  physical  properties  and  climatic  environment  of  these 
soils  are  reasonably  favorable,  their  infertility  may  be  assumed  to  be 
owing,  directly  or  indirectly,  to  the  chemical  composition  of  the 
parent  rock.  It  may  be  that  elements  essential  to  plant  growth  are 
lacking  in  sufficient  quantity,  that  there  is  an  unfavorable  relation 
in  the  quantities  of  these  elements  as  indicated  by  Loew's  (19)1  work 
on  the  lime-magnesia  ratio,  or  that  some  poisonous  or  growth-inhib- 
iting element  or  elements  are  present.  The  lime-magnesia  ratio 
investigations  are  complicated,  except  the  water-culture  work,  by 
the  fact  that  nearly  all  the  calcium  in  the  soil  in  the  colloidal  frac- 
tion is  exchangeable,  whereas  seldom  more  than  25  percent  of  the 
magnesium  is  exchangeable.  The  lime-magnesia  ratio  has  generally 
been  calculated  from  the  quantities  found  soluble  in  strong  acid. 
The  ratios  calculated  on  quantities  derived  in  this  manner  would 
probably  be  quite  different  from  the  exchangeable  calcium  and 
magnesium  ratios.  It  seemed  probable,  therefore,  that  in  addition 
to  a  study  of  the  mechanical  analyses  of  the  soils  and  their  respec- 
tive colloids,  some  useful  information  could  be  obtained  by  a  study 
of  the  exchangeable  bases  of  a  number  of  soils  developed  under 
widely  different  climatic  conditions.  Owing  to  the  composition  of 
the  parent  rock,  special  emphasis  has  been  placed  in  these  studies 
upon  the  relative  quantities  of  magnesium,  chromium,  and  nickel. 

REVIEW  OF  THE  LITERATURE 

In  1790  Tennant  (35)  reported  the  "lime"  obtained  from  the  Don- 
caster  quarries,  England,  to  be  injurious  to  crops.  In  1814  Davy  (7) 
ascribed  the  toxicity  of  this  "lime"  to  the  magnesium  it  contained. 

Loew  and  May  (19)  showed  that  soils  containing  much  more  mag- 
nesia than  lime  were  infertile,  that  there  was  probably  a  favorable 
lime-magnesia  ratio  for  every  crop,  and  that  in  general  the  lime- 
magnesia  ratio  should  not  be  less  than  5:4  on  the  molecular  basis. 

Stewart  (34)  reported  that  the  high-magnesium  soil  of  the  Green- 
ville Experiment  Farm,  near  Logan,  Utah,  was  remarkably  fertile, 
and  this  soil  may  be  taken  as  the  classical  case  of  a  very  fertile  soil 
containing  a  large  percentage  of  mangesia.  Stewart  points  out,  how- 
ever, that  there  is  even  in  this  soil  an  excess  of  lime  over  the  Loew 
ratio. 

Gile  (9)  showed  that  the  concentration  of  the  other  constituents 
of  the  soil  solution  was  at  least  as  important  as  the  calcium-mag- 
nesium ratio;  and  that  in  dilute  solutions,  such  as  are  generally 
found  in  soils,  the  lime-magnesia  ratio  had  very  little  influence  on 
plant  growth.  In  more  concentrated  solutions,  however,  the  cal- 
cium-magnesium ratio  was  an  important  factor.  Plot  culture  work 
with  beans  carried  out  by  Gile  and  Ageton  (10)  showed  that  the 
calcium-magnesium  ratio  could  vary  widely  in  soils  without  sensibly 
affecting  the  growth. 

In  1916  C.  B.  Lipman  (18)  critically  reviewed  the  literature  on  the 
lime-magnesia  ratio  and  stated  that  there  was  as  much  evidence 
against  Loew's  claim  that  there  was  a  definite  lime-magnesia  ratio 
favorable  to  crops  as  there  was  for  it,  or  more.     Lipman  also  pointed 

i  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  27. 
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out  that  little  or  no  consideration  had  been  given  to  the  ratio  of  the 
available  lime  and  magnesia  in  the  soil. 

Lyon  and  Bizzell  (20)  found  in  the  course  of  exhaustive  lysimeter 
investigations  that  the  Dunkirk  clay  loam  used  by  them  showed  an 
unfavorable  lime-magnesia  ratio,  according  to  Loew's  standard,  but 
yielded  a  leachate  of  a  favorable  ratio. 

Blackshaw  (4)  investigated  some  very  infertile  soils  found  in 
Rhodesia,  South  Africa.  Those  soils  rest  on  the  Great  Dyke,  a 
formation  about  4  miles  wide  and  300  miles  long.  It  consists  of  basic 
rocks,  mainly  serpentine  and  norite.  Soils  derived  from  the  norite 
are  productive,  but  those  derived  from  serpentine  are  very  infertile. 
These  serpentine  soils  will  not  produce  corn  and  never  are  farmed 
successfully.  They  yield  a  citric  acid  extract  containing  a  lime- 
magnesia  ratio  of  from  1:36  to  1:27.  Not  only  do  these  soils  con- 
tain an  excess  of  magnesium  but  they  are  very  low  in  phosphates  and 
potassium.  However,  a  very  liberal  application  of  fertilizers  to 
these  soils  results  m  complete  failure. 

Gordon  and  Lipman  (11)  consider  that  serpentine  soils  are  infertile 
because  they  do  not  contain  sufficient  nitrogen,  potassium,  and  phos- 
phoric acid,  and  further,  have  an  alkaline  reaction  and  may  contain 
too  little  colloidal  matter.  They  state  positively  that  the  excess  of 
magnesium  has  no  relation  to  the  infertility  of  serpentine  soils, 
basing  this  statement  on  two  experiments.  (1)  They  cite  Gericke's 
experiment  of  successfully  growing  plants  in  solutions,  the  salt  con- 
stituent of  which  was  seven-eighths  magnesium  salts.  (2)  Gordon 
and  Lipman  added  magnesium  salts  "to  some  of  their  culture  solu- 
tions, without  rendering  them  toxic  or  more  toxic  thereby." 

Moser  (24)  states  that  about  50  percent  of  the  analyses  of  New 
York  soils,  published  by  Bizzell,  show  an  unfavorable  lime-magnesia 
ratio.  Moser  investigated  the  ratio  of  total,  exchangeable,  and 
water-soluble  lime  and  magnesia  in  a  number  of  New  York  soils.  He 
states  that  the  ratio  of  the  total,  the  exchangeable,  or  the  water- 
soluble  lime  and  magnesia,  have  no  influence  on  plant  growth.  The 
dominant  factor  is  the  quantity  of  exchangeable  calcium,  as  is  shown 
by  the  fact  that  the  soils  that  were  low  in  exchangeable  calcium 
responded  favorably  to  liming,  while  those  high  in  exchangeable 
calcium  showed  no  response.  It  must  be  pointed  out  that  Moser's 
experiments  do  not  disprove  the  Loew  lime-magnesia  ratio  theory  as 
applied  to  exchangeable  and  water-soluble  lime  and  magnesia,  for  in 
no  case  did  the  ratio  of  magnesia  to  lime  in  the  above  conditions 
exceed  1:1.  This  ratio  appears  to  be  too  close  to  the  favorable  ratio 
postulated  by  Loew,  to  disprove  Loew's  claim.  Further,  while  Moser 
made  a  distinct  contribution  to  the  lime-magnesia  ratio  problem,  he 
neglected  the  important  consideration  that  there  can  be  no  valid  con- 
clusion based  on  a  ratio  study  when  one  of  the  constituents  is  below  a 
minimum  needed  for  successful  growth.  Viewed  in  this  light,  it 
appears  that  Moser's  conclusion  that  infertility  is  due  to  a  deficiency 
of  lime  and  not  to  an  unfavorable  lime-magnesia  ratio  has  little  bear- 
ing on  the  lime-magnesia  ratio. 

After  describing  the  fertility  of  the  deep  soil  over  the  crystalline 
rocks  in  Harford  County,  Md.,  Johannsen  (15)  states: 

In  the  serpentine  areas,  however,  the  trees  are  stunted  and  the  fact  that  he  is 
walking  or  driving  over  a  serpentine  area  is  brought  forcibly  to  the  notice  of  the 
traveller  during  the  summer  by  the  intense  heat  of  the  sun  which  beats  down 
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through  a  growth  of  stunted  oaks,  scrub  pines,  and  mountain  laurel  upon  the 
heated  soil,  through  which  project  boulders  of  the  country  rock.  These  areas 
are  known  throughout  the  country  as  the  serpentine  "barrens."  Wild,  uncul- 
tivated, almost  unsettled,  they  stand  in  great  contrast  to  the  surrounding  rich  and 
prosperous  country. 

DESCRIPTION  OF  THE  SAMPLES 

The  Conowingo  soils,  developed  most  extensively  in  Harford, 
Baltimore,  and  Montgomery  Counties  in  Maryland,  are  perhaps  the 
most  infertile  soils  known  which  have  good  physical  properties  and 
favorable  climatic  environment.  Less  than  10  percent  of  these  areas 
are  cleared  for  agricultural  purposes,  and  when  so  used  are  character- 
ized by  low  yields.  The  virgin  Conowingo  soils  support  a  very 
specialized  and  stunted  tree  growth.  The  low  acre  value  and  the 
very  low  percentage  of  cleared  land  on  the  Conowingo  areas  is  taken 
as  evidence  that  the  Conowingo  soils  are  infertile. 

A  good  illustration  of  the  infertility  of  the  Conowingo  series  is  pre- 
sented by  a  long,  narrow  strip  of  Conowingo  silt  loam  beginning  just 
a  few  miles  west  of  Rockville,  Md.,  at  Hunting  Hill  and  running  some 

5  or  6  miles  southwest  from  this  point.  Inside  this  area  very  little 
of  the  land  is  cleared,  but  just  outside  on  the  Chester  loam  the  land  is 
practically  all  cleared  and  is  occupied  by  prosperous  farms.  The  line 
of  demarcation  between  the  two  series  is  unusually  sharp  and  easily 
apparent  to  any  observer.  On  the  Conowingo  side  of  the  line  the 
tree  growth  is  stunted  and  the  very  few  farms  there  present  a  picture 
of  hopeless  economic  struggle. 

In  this  connection  it  is  interesting  to  note  that  as  early  as  1810 
Isaac  Tyson,  Jr.,  was  led  to  the  discovery  of  chromium  ores  in  Mary- 
land and  Pennsylvania  "by  his  prompt  recognition  of  the  comparative 
barrenness  of  vegetation  of  the  serpentine  terrain"  (Singewald  (S3)). 
It  was  presumably  through  this  recognition  that  the  Tyson  Chrome 
Works  monopolized  the  chromium  industry  in  this  country  for  over 
40  years. 

The  description  of  the  Conowingo  series  given  below  is  quoted  from 
Perkins  and  Winant  (25,  pp.  20-21). 

The  surface  soil  of  Conowingo  silt  loam  to  a  depth  of  about  6  or  8  inches  is 
grayish-yellow  or  very  light  brown  silt  loam,  having  a  smooth  floury  feel.  In  a 
few  places  in  the  wooded  areas  there  is  either  a  very  thin  covering  of  leaf  mold 
or  the  first  2  inches  of  soil  contains  enough  organic  matter  to  give  it  a  gray  color. 
The  subsoil  is  yellow  or  yellowish-brown  silty  clay  loam  extending  to  a  depth 
ranging  from  14  to  18  inches,  at  which  depth  it  grades  into  yellowish-brown  or 
brownish-yellow  heavy,  stiff,  plastic  clay,  having  a  green  or  greenish-brown  cast. 
This  heavy  clay  layer  ranges  in  thickness  from  a  few  inches  to  as  much  as  a  foot 
in  some  places,  and  it  is  underlain  by  greenish-yellow  partly  weathered  rock  or  by 
the  hard  rock.  In  many  places  the  surface  soil  grades  into  the  heavy  clay  at  a 
depth  of  a  few  inches  and  the  clay  is  underlain  at  a  depth  ranging  from  15  to  30 
inches  by  rock,  and  in  other  places  the  rock  comes  near  the  surface  or  outcrops. 
In  places  on  the  more  level  areas,  and  particularly  where  this  soil  adjoins  Aldino 
silt  loam,  a  mottled  light-gray,  yellow,  and  rust-brown  compact  layer  occurs  at  a 
depth  ranging  from  14  to  20  inches.  Conowingo  silt  loam  is  derived  from  a 
dark-green  rock  related  to  gabbro  and  diorite,  from  steatite,  and  from  serpentine, 
or  serpentinized  rock.     In  places  quartz  veins  cut  through  these  formations. 

******* 

This  soil  occurs  in  gently  rolling  or  slightly  hilly  areas,  and  surface  drainage  is 
fairly  good.  On  the  more  level  areas  the  run-off  of  rain  water  is  slow,  and  the 
internal  drainage  of  all  areas  is  poor,  owing  to  the  impervious  character  of  the 
subsoil. 

Probably  not  more  than  20  or  30  percent  of  the  land  is  cultivated  or  in  pasture, 
and  the  remainder  is  forested,  mainly  with  scrub  oak,  blackjack  oak,  white  oak, 
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post  oak,  cedar,  and  hickory.  Small  areas  are  used  in  the  production  of  corn, 
wheat,  hay,  and  tomatoes.  The  yields  of  these  crops  are  usually  low  unless 
the  soil  has  been  heavily  fertilized  and  manured,  or  cover  crops  turned  under 
prior  to  planting  the  crop.  In  a  few  places  the  soil  is  very  shallow  and  such  areas 
are  of  low  agricultural  value  and  should  be  devoted  to  forest  or  pasture. 

The  Conowingo  stony  loam  is  derived  from  the  same  parent  material 
as  the  Conowingo  silt  loam.  As  the  name  implies,  it  is  more  stony 
and  shallow.  It  is  unproductive  soil  and  practically  none  is  under 
cultivation.  The  forest  growth  now  on  this  soil  shows  it  to  be 
unsuited  to  forestry  or  orcharding. 

Four  other  series  of  high-magnesium  soils  were  studied,  namely 
laterites  from  Puerto  Rico;  the  Millville  loam  from  Greenville,  Utah; 
and  the  Corning  and  Jerome  series  from  Josephine  County,  Oreg. 

The  locations  and  brief  descriptions  of  the  samples  of  soil  studied, 
with  a  short  series  description  in  some  cases,  are  given  below.  For 
convenience  of  future  reference  the  soils  are  given  in  the  order  of  the 
laboratory  numbers  assigned  to  them. 

Laboratory  nos.  2522-4,  Limones  clay. — Description  taken  from 
Bennett  and  Allison  (1,  p.  31),  of  an  infertile  shallow  clay  overlying 
serpentine  or  diorite  in  Central  Soledad,  Cuba. 

Typically  this  is  a  3-horizon  soil,  with  the  following  vertical  section  features: 
(1)  About  3  to  5  inches  of  dark-red  or  purplish-red  clay,  which  cracks  on  drying 
to  hard  clods  of  small  or  medium  size;  overlying  (2)  pinkish-red  clay,  which  cracks 
into  very  hard  clods  of  medium  to  large  size,  with  some  fragments  of  partly 
decomposed  parent  rock;  passing  at  about  12  to  30  inches  into  (3)  rotten  (partly 
decomposed)  soft  and  hard  parent  rock — mostly  serpentine  and  diorite.  Typi- 
cally, lime  carbonate  is  not  present.  The  type  is  of  a  droughty  nature  but  not 
so  much  so  as  the  Holguin  clay.  In  many  places  the  soil  is  shallow.  When  such 
areas  are  plowed,  fragments  of  the  soft  clay  and  hard  rock  are  usually  turned  up 
abundantly  or  in  sufficient  quantity  to  produce  a  decidedly  gravelly  or  even  a 
stony  soil.  If  plowed  wet  enough  to  be  decidedly  sticky,  clods  are  formed  which 
become  tough  on  drying.  When  dry,  plowing  is  difficult  and  large  clods  are 
formed;  but  these  tend  to  crack  on  exposure  to  sun  to  form  a  coarse-fragmental 
tilth.     Harrowing  is  necessary  to  develop  the  most  favorable  seed-bed  conditions. 

The  topography  is  undulating  to  hilly,  and  the  drainage  is  well  established. 
Frequently  the  soil  of  lower  slopes  and  depressions  is  more  brownish  in  color, 
often  chocolate  brownish,  and  is  deeper,  more  retentive  of  moisture,  and  more 
productive. 

Laboratory  no.  2548,  Holguin  clay. — Central  Miranda,  5  km  west  of 
Ingenio,  Cuba.     Bennett  and  Allison  (1,  p.  80)  state: 

This  series  includes  purplish-red  soils  derived  from  the  underlying  igneous 
rocks,  chiefly  serpentine.  Sharp  horizonal  differences  are  not  usually  distin- 
guished through  the  profile.  Frequently,  however,  such  changes  are  noted  in  the 
deeper  sections.  Often  there  are  only  two  indistinctly  separated  horizons  above 
the  hard  rock,  these  being  the  upper  purplish-red  section  and  a  lower  section  of 
mixed  greenish  partly  decomposed  rock  material  and  reddish  clay.  Black  and 
purplish-black  concretions  of  irregular  shape  are  typically  abundant  in  the  red 
horizons.  Manganese  ore  is  taken  from  the  soil  in  some  localities,  indicating  a 
series  characteristic  of  high  manganese  content.  Only  the  clay  and  stony  clay 
types  were  seen,  with  some  very  shallow  phases  over  serpentine. 

A  characteristic  of  this  soil  is  its  proneness  to  lose  quickly  its  moisture  in  the 
dry  season,  with  concomitant  development  of  an  extremely  hardened  condition 
accompanied  by  cracking  and  formation  of  hard  clods.  Crops  suffer  so  intensely 
in  the  dry  season  that  the  soil  is  never  favored  for  cultivation.  A  typical  deep 
dry  section  in  the  foothills  of  the  Nipe  Mountains  shows  the  following  character- 
istics: (1)  A  36-inch  horizon  of  (dry)  hard  small  clods  with  20  per  cent  or  more 
of  purplish-black  and  black  perdig6n  of  irregular  shape;  this  overlying  (2)  a 
layer  8  to  12  inches  thick  consisting  of  yellowish-brown  and  reddish  cloddy  clay, 
together  with  soft,  partly  decomposed  rock  with  black  and  purplish-black  facings; 
over  (3)  greenish  and  reddish  soft  and  brittle  partly  decomposed  rock  with 
purplish-black  facings  along  the  seams  and  cracks,  the  interior  of  the  partly 
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decomposed  rocks  being  greenish  in  color;  passing  at  depths  of  about  4  feet  into 
(4)  greenish  rock  (serpentine).  In  point  of  origin  the  material  is  related  to  the 
Nipe  soil,  but  it  is  not  nearly  so  friable.  It  is  also  related  to  the  material  of  the 
Limones  clay,  but  it  is  more  purplish  red,  and  harder  when  dry.  There  is 
some  gradational  soil  between  the  true  Holguin  and  the  true  Limones,  such  as 
the  less  purplish  red  shallow  clay  of  the  Holguin  region.  There  is  no  free  lime 
carbonate  in  the  material  at  any  depth,  insofar  as  could  be  detected  by  the  acid 
test. 

Laboratory  nos.  4722-6,  Conowingo  silt  loam. — This  sample  was  col- 
lected three-fourths  of  a  mile  north  of  Dublin,  Md.,  in  a  forest,  100  feet 
on  the  southwest  side  of  the  road.  Blackjack  oak,  smilax  vines,  and 
blueberry  bushes  were  the  predominating  growth.  Nos.  4725  and 
4726  are  from  a  profile  about  50  feet  north  of  no.  4722.  The  B  and  C 
horizons  in  this  second  profile  are  taken  together.  This  particular 
phase  contains  a  large  quantity  of  a  micaceous-appearing  mineral 
which  has  been  identified  as  vermiculite. 

Laboratory  nos.  5829-80-81  and  6175,  Conowingo  silt  loam — This 
soil  was  taken  1  mile  northeast  of  Belmont,  Baltimore  County,  Md., 
200  feet  southeast  of  the  road.  It  was  in  stumpage  but  had  not  been 
cultivated  for  some  time.  The  tree  growth  was  better  than  the 
Dublin  Conowingo  and  no  blackjack  oak  was  noted  on  this  location. 
The  soil  material  in  the  lowest  part  of  the  profile  shows  a  very  large 
calcium  content.  The  sand  in  this  horizon  was  largely  hornblende. 
This  sample  was  taken  near  the  middle  of  an  area  surveyed  as  Cono- 
wingo silt  loam,  and  though  not  a  fertile  soil,  it  would  appear  to  be 
more  fertile  than  many  soils  of  this  series.  It  probably  represents  a 
high  calcium  phase  of  the  Conowingo  due  to  the  presence  of  a  large 
quantity  of  hornblende  and  pyroxene  in  the  original  diorite. 

Laboratory  no.  5891,  Nipe  clay. — Nipe  Bay,  Oriente,  Cuba.  Ben- 
nett and  Allison  (1,  p.  29)  describe  this  series  as  follows: 

The  Nipe  soils  occur  extensively  over  the  northwestern  part  of  the  Nipe  Moun- 
tains, in  the  Province  of  Oriente.  Topographically,  they  are  undulating  to  gently 
rolling.  The  basal  rock  seen  is  a  greenish,  crystalline  serpentine.  The  soil  is 
derived  from  this  rock.  In  some  exposures  the  green  stone  passes  down  into  a 
dark  tough  crystalline  of  basic-igneous  character,  resembling  diorite,  or  peridotite, 
the  serpentine  representing  an  alteration  product  of  the  darker  rock.  The  only 
type  found  consists  of  deep-red,  friable  material  of  a  highly  ferruginous  nature. 
Roundish,  flattish  and  irregularly  shaped  concretionlike  pebbles  of  black  and 
reddish-brown  color  are  abundantly  present.  In  many  places  these  can  be 
scooped  up  by  the  handful  from  the  surface  of  the  ground.  A  fresh  exposure 
showed  the  following  characteristics: 

(1)  0  to  26  inches — deep-red  friable  clay,  containing  round,  flattish  and  rough- 
surfaced  ferruginous  pebbles  (perdig6n)  of  shiny-black  (like  desert  polish) ,  black, 
and  reddish-brown  color; 

(2)  26  to  40  inches — reddish-brown,  friable  clay,  with  but  few  perdig6n; 

(3)  40  inches  to  13  feet — yellow,  very  friable  ochreous  material; 

(4)  13  to  16  feet — reddish,  yellowish  and  almost  black,  very  friable  material, 
the  black  predominating  as  a  spongelike  mass  lying  immediately  over  the  green 
serpentine.  In  places  the  depth  to  unaltered  rock  is  40  to  50  feet.  The  top  foot 
or  two  is  often  more  compact  than  the  material  beneath.  This  is  in  the  plancha 
layer. 

The  vegetation  consists  of  pine  and  wire  grass.  Palm  trees,  tree-fern,  and  other 
tropical  plants  were  found  in  a  limited  belt  which  appeared  to  have  a  heavier 
rainfall  than  the  average  for  the  region.  About  85  per  cent  of  the  ground  surface 
is  covered  with  short  wire  grass.  None  of  this  soil  was  seen  in  cultivation.  The 
material  is  mined  for  the  manufacture  of  iron.  No  lime  carbonate  was  detected 
in  any  of  the  sections. 

Laboratory  nos.  6178-80,  Conowingo  silt  loam. — This  sample  was 
taken  one-half  mile  east  of  Cherry  Hill,  Harford  County,  Md.,  on 
rough  stony  land  on  a  sidehill.     The  rock  samples,  nos.  6181a  and 
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6181b  represent  the  weathered  surface  soil  and  fresh  rock  from 
beneath  this  sample. 

Laboratory  nos.  6286-8,  Conowingo  silt  loam. — This  soil  was  located  5 
miles  south  of  Oxford,  Pa.  This  is  typical  barren  Conowingo  silt 
loam.  Rock  sample  no.  6239  was  taken  from  the  clay  layer  20  inches 
deep  in  this  profile. 

Laboratory  nos.  6241-43,  Conowingo  silt  loam. — This  sample  was 
found  one-half  mile  north  of  Jermantown,  Fairfax  County,  Va.,  in  a 
pine  grove,  100  feet  west  of  the  road.  It  is  rated  as  poor  farm  land, 
but  cultivated  flowers  produce  good  blooms  on  this  soil  in  this  locality. 

Laboratory  no.  7574,  soil  material. — This  sample  was  located  on 
Mount  Tamalpais,  Marion  County,  Calif.  It  was  collected  and  sent 
to  the  Department  through  the  kindness  of  C.  B.  Lipman.  It  was 
taken  from  the  same  place  as  the  soil  sample  described  by  Gordon  and 
Lipman  (11)  as  follows:  "From  the  west  peak  of  Mount  Tamalpais, 
Marion  County.  Disintegrating  serpentine  rock.  No  vegetation  on 
it  except  an  occasional  tuft  of  moss  on  rock  masses.  Free  from  con- 
tamination with  any  other  rock  or  soil."  It  is  recognized  that  this  is 
not  a  soil.  It  is  rather  soil  material.  But  since  it  has  a  standing  in 
soil  literature  as  an  infertile  soil  material  formed  from  serpentine 
rock,  it  became  of  interest  to  examine  this  soil  material  for  nickel  and 
chromium,  and  to  ascertain  its  chemical  and  mechanical  composition. 

Laboratory  nos.  7819-22,  Millville  loam. — Located  near  Logan,  Utah, 
Greenville  Experiment  Farm.  This  is  a  classical  example  of  a  fertile 
soil  high  in  magnesia.  It  has  been  studied  by  Stewart  (34).  The  soil 
is  formed  from  a  lacustrine  deposit  of  detritus  from  limestone,  dolo- 
mite, and  quartzite  in  the  old  Lake  Bonneville  basin.  This  soil  is 
remarkably  fertile  and  produces  excellent  crops  even  without  the 
addition  of  fertilizers. 

Laboratory  nos.  8755-57,  Corning  gravelly  silt  loam. — This  sample  was 
taken  from  the  northeast  quarter  of  sec.  31,  T.  39  S.,  R.  8  W.,  near 
Woodcock  Creek,  Josephine  County,  Oreg.  Kocher  and  Torgerson 
(16,  p.  367)  give  the  following  general  description  of  the  Corning 
series. 

The  surface  soils  of  types  of  the  Corning  series  are  red  and  dull  red  to  brownish 
red  or  slightly  yellowish  red.  Water-worn  gravel  of  mixed  origin  and  small  iron 
concretions  are  common  on  the  surface  and  in  the  surface  material  of  most  of  the 
types,  and  some  contain  angular  fragments  of  igneous  rocks.  The  subsoil  is 
typically  dull  red  to  bright  red  in  color,  compact,  usually  heavy  in  texture,  and 
fairly  retentive  of  moisture,  and  contains  rounded  gravel  or  angular  rock  frag- 
ments. In  some  of  the  included  materials  the  subsoil  is  very  compact  and  partly 
cemented  when  dry.  Typically  the  heavy  subsoil  passes  at  depths  of  3  to  5  feet 
into  friable  gravelly  material  similar  to  the  surface  soil.  In  its  typical  develop- 
ment the  Corning  series  occupies  terraces  lying  from  a  few  feet  to  100  feet  or  more 
above  the  present  courses  of  the  streams.  The  parent  material  consists  typically 
of  old  water-laid  deposits.     The  surface  drainage  is  good. 

This  particular  sample  of  Corning  gravelly  silt  loam  was  sent  in  by 
W.  L.  Powers,  of  the  Oregon  Agricultural  Experiment  Station.  It 
was  selected  because  it  was  an  infertile  soil  derived  partly  from  one  of 
the  " poison  spots"  which  occur  occasionally  in  this  soil. 

Laboratory  nos.  9338,  4-843,  and  9346,  Nipe  clay. — These  are  surface 
soils  taken  in  the  vicinity  of  Mavaguez,  P.  R.  The  parent  rock  is 
predominantly  chlorite.     These  soils  are  markedly  infertile. 
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^Laboratory  nos.  9356-59,  Conowingo  silt  loam. — Located  at  Hunting 
Hill,  Montgomery  County,  Md.,  three-quarters  of  a  mile  southwest  of 
Hunting  Hill  and  75  feet  west  of  Piney  Meeting  House  Road.  It  was 
covered  with  a  stunted  tree  growth  of  blackjack  oak,  pine,  greenbrier, 
and  blueberry  bushes,  with  an  occasional  white  oak.  In  many  places 
patches  of  several  square  feet  were  entirely  covered  with  moss.  This 
sample  was  taken  in  a  very  infertile  area  of  Conowingo,  which  is  sur- 
rounded by  fertile  Chester  soils.  The  line  of  demarcation  between 
these  two  series  is  very  sharp.  In  the  Conowingo  area  there  are 
numerous  serpentine  outcrops. 

Laboratory  nos.  9460-62,  Conowingo  silt  loam. — This  sample  was 
taken  one-half  mile  east-northeast  of  the  crossroads  at  Potomac, 
Montgomery  County,  Md.,  about  100  feet  southwest  of  a  small  stone 
house  foundation.  The  tree  growth  was  almost  entirely  pine,  with 
occasional  dogwood,  cherry,  and  white  oak.  The  tree  growth  was 
fairly  good.  This  area  is  mapped  as  Conowingo  but  appeared  to  be 
a  better  soil.  However,  the  deepest  horizon  contained  a  few  fragments 
of  serpentine. 

Laboratory  nos.  9465-70,  Nipe  clay. — Located  1  mile  east  of  Maya- 
guez,  P.  R.  These  samples  are  much  like  Nipe  clay,  nos.  9338,  9343, 
and  9346.  The  parent  rock  is  chlorite  and  the  soil  is  infertile.  This 
profile  sample  shows  much  magnesium  in  the  lowest  horizon  and 
traces  or  very  small  quantities  in  the  upper  horizons  where  severe 
leaching  has  removed  nearly  all  the  magnesium.  No.  9469  of  this 
profile  is  remarkable  in  that  it  contains  the  maximum  quantity  of 
chromium  of  any  soil  ever  analyzed  in  this  Bureau. 

Laboratory  nos.  9889-91,  Conowingo  silt  loam. — This  sample  was 
taken  one-eighth  mile  southwest  of  Alberene,  Va.,  near  an  old  alberene 
mine.  According  to  an  official  of  the  company  now  mining  alber- 
ene in  the  vicinity  there  are  two  distinct  phases  of  soil  forming  from 
talc  strata,  differing  mainly  in  that  one  is  less  infertile  than  the  other. 
This  profile  is  from  the  more  fertile  phase. 

Laboratory  no.  9929,  Jerome  sandy  loam. — This  soil  is  the  dark- 
colored  phase  from  near  the  west  corner  of  sec.  26,T.39S.,R.8W.,at 
the  intersection  of  Sucker  Creek  and  Oregon  Cave  roads  in  Josephine 
County,  Oreg.  It  is  on  an  outcrop  of  serpentine  rock.  The  vegetation 
is  scanty,  consisting  of  short  grass  and  weeds.  Kocher  and  Torgerson 
(16)  state  that  Jerome  sandy  loam  has  an  impervious,  heavy  clay 
subsoil  and  when  thoroughly  dry  this  subsoil  bakes  into  a  bricklike 
mass  which  is  not  easily  penetrable  by  the  roots  of  plants. 

Laboratory  nos.  9981-83,  Corning  gravelly  loam. — This  sample  was 
taken  near  the  southwest  corner  of  sec.  10,  T.  39  S.,  R.  8  W.,  Josephine 
County,  Oreg.,  from  a  small  clear  spot,  probably  the  site  of  an  aban- 
doned farm.  Scant  grass  and  large  oaks  were  on  the  area  where 
sample  was  taken.  Conifers  and  oaks  are  plentiful  on  higher  areas  of 
the  same  type. 

MECHANICAL  COMPOSITION  OF  THE  SOILS 

The  mechanical  analyses  of  some  of  the  high  magnesium  soils  used 
in  this  study  are  given  in  table  1.  The  analyses  were  made  by  L.  T. 
Alexander  and  H.  W.  Lakin,  of  this  Bureau. 
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Table  1. — Mechanical  analyses  of  high-magnesium  soils 
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Depth 

Mechanical  fraction 

Soil  type,  location,  and  sample  no. 

Fine 
gravel 

Coarse 
sand 

Me- 
dium 
sand 

Fine 
sand 

Very 
fine 
sand 

Silt 

Clay 

Col- 
loid 

Limones  clay,  Limones  Farm,  Cen- 
tral Soledad,  Cuba: 
2522     .                     

Inches 
0-  4 
4-16 

0-  6 
6-10 
10-30 
0-  6 
6-30 

Per- 
cent 
1.2 
7.6 

3.9 
3.4 
9.4 
2.1 
7.0 

2.1 

.7 
.9 

Per- 
cent 
2.0 
6.9 

2.3 
9.3 
13.4 
1.8 

8.9 

1.9 
1.3 
1.8 

Per- 
cent 
1.5 
3.2 

1.2 
5.4 
7.0 
1.0 
3.5 

1.1 
1.3 
1.9 

Per- 
cent 
7.5 
12.5 

3.3 
12.4 
15.5 

2.6 
13.6 

3.4 
5.7 
10.0 

Per- 
cent 
8.7 
11.2 

6.4 
11.6 
12.7 

4.0 
18.8 

4.1 
7.9 
16.5 

Per- 
cent 
29.6 
22.7 

53.0 
30.7 
24.4 
56.9 
25.9 

56.9 
39.7 
29.2 

Per- 
cent 
49.6 
36.2 

28.7 
26.8 
17.8 
30.0 
22.0 

30.6 
43.4 
39.8 

Per- 
cent 
161.7 

2523 

Conowingo  silt  loam,  H  mile  north  of 
Dublin,  Md.: 
4722 

17.7 

4723 

21.5 

4724 

14.5 

4725 

18.6 

4726 

18.5 

Conowingo  silt  loam,  Belmont,  Bal- 
timore County,  Md.: 
5829       .                     

17.4 

5830... 

32.7 

5831 

32.2 

6175 

Nipe  clay,  Nipe  Bay,  Oriente,  Cuba: 
5891 

0-12 

4.6 

.8 
.7 
.3 

2.6 
8.5 
3.1 

5.2 
3.5 
7.5 

.1 

0 
0 
0 

8.5 
1.3 

4.1 

1.5 
.8 
.3 

3.3 
11.4 
4.0 

7.4 
8.1 
5.2 

.2 
.2 
.1 
.1 

7.8 
1.5 

2.0 

1.1 
.6 
.4 

1.8 
5.4 
2.2 

4.2 
4.5 
2.7 

.4 
.2 
.1 
.1 

6.8 
1.4 

2.3 

2.0 
1.1 
1.0 

3.2 
11.8 
4.4 

14.0 

14.0 
8.8 

4.1 
2.8 
1.6 
1.9 

14.5 

3.1 

1.6 

2.1 
1.8 
1.9 

5.3 
16.3 
6.5 

21.6 
20.7 
15.0 

17.7 
15.3 
13.7 
14.9 

12.8 

4.8 

21.2 

62.4 
60.2 
59.8 

52.4 
32.1 
46.3 

34.6 
36.0 
43.0 

57.0 
59.6 
59.2 
62.5 

24.2 

28.5 

63.9 

28.4 
34.0 
35.9 

31.0 
14.2 
33.2 

12.8 
12.9 
15.7 

18.6 
20.2 
25.0 
19.9 

22.2 
58.8 

50.2 

Conowingo  silt  loam,  ^  mile  from 

Cherry  Hill,  Harford  County,  Md.: 

6178 

15.8 

6179 

22.4 

6180. 

23.4 

Conowingo  silt  loam,  5  miles  south 
of  Oxford,  Pa.: 
6236 

0-12 
12-20 
20-26 

0-  4H 
4^-13 
13-22 

24.3 

6237... 

10.9 

6238 

26.2 

Conowingo  fine  sandy  loam,  H  mile 
north     of     Jermantown,    Fairfax 
Co.,  Va.: 
6241. 

9.7 

6242__ 

9.1 

6243 

8.2 

Millville  loam,  Greenville,  Utah: 
7819 

14.1 

7820.. 

12.7 

7821 

16.2 

7822 

10.6 

Corning  sandy  clay  loam: 

8755 

15.1 

8756__ 

50.0 

8757 

8758... 

1.1 

1.5 

1.9 

8.0 

11.8 

24.6 

50.8 

43.5 

1  By  water -absorption  method. 

In  general,  there  is  nothing  shown  in  the  mechanical  analyses  of 
these  soils  to  explain  the  observed  infertility.  In  some  soils,  such  as 
the  Dublin,  Cherry  Hill,  and  Oxford  Conowingo  soils,  there  is  not 
enough  coarse  material  to  give  good  internal  drainage.  The  silt  in 
these  soils  contains  a  large  percentage  of  vermiculite  which  has  a 
micalike  form  and  consequently  does  not  pack  as  closely  as  some  silt 
particles. 

Russell  (SO,  pp.  170,  546)  maintains  that  soils  containing  over  15 
to  25  percent  of  fine  silt  (English  standards)  are  often  difficult  to  drain 
and  to  work,  "and  that  this  close  packing,  being  the  result  of  particle 
size  and  not  of  any  special  colloidal  property,  cannot  be  mitigated  by 
the  usual  clay  cultivation  devices  such  as  treatment  with  lime." 
While  Russell's  theory  may  be  applicable  in  some  cases,  it  does  not 
generally  apply  to  these  high-magnesium  soils  because  the  Millville 
loam — the  most  fertile  soil  on  the  list — is  also  very  high  in  silt.     In 
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defense  of  Kussell's  theory,  however,  it  should  be  said  that  the  lower 
horizons  of  some  of  the  Conowingo  profiles  show  certain  chemical 
characteristics  which  indicate  poor  drainage.  Thus,  samples  4724, 
6180,  9458,  and  9459  (table  2)  show  a  slight  negative  value  or  gain  in 
weight  when  treated  with  hydrogen  peroxide  in  the  determination  of 
organic  matter.  This  is  probably  due  to  the  prescence  of  active  fer- 
rous iron,  that  is,  ferrous  iron  in  a  more  active  condition  than  in  the 
undecomposed  ferrous-magnesium  silicates. 

The  mechanical  analyses  show  an  adequate  percentage  of  colloidal 
matter  to  hold  soil  moisture  and  to  prevent  the  too  rapid  leaching  of 
the  plant  food  elements. 

CHEMICAL  COMPOSITION  OF  THE  SOILS 

The  analyses  of  the  soils  were  made  by  the  methods  outlined  in 
circular  139  (28)  with  special  determinations  according  to  Hillebrand 
and  Lundell  (14)-  The  presence  of  chromite  in  many  of  the  samples 
made  it  necessary  to  fuse  the  unattacked  residue  from  the  sodium 
carbonate  and  niter  fusion  with  potassium  pyrosulphate  to  effect 
the  solubility  of  the  chromium.  The  results  of  the  analyses  are 
given  in  table  2. 

The  outstanding  features  shown  by  the  chemical  analyses  of  the 
soils  are  the  generally  very  high  percentages  of  magnesium  and  the 
comparatively  very  high  percentages  of  chromium  and  nickel.  Maxi- 
mum percentages  of  these  elements  occurring  in  soils,  so  far  as  re- 
corded, are  shown  in  table  2.  The  Mount  Tamalpais  soil  material 
with  36.42  percent  of  magnesium  oxide  is  the  highest.  The  subsoil 
of  the  Oxford  Conowingo,  no.  6237  (12  to  20  inches)  with  25.01  per- 
cent of  magnesium  oxide,  is  the  maximum  percentage  of  this  con- 
stituent yet  recorded  for  a  natural  soil.  Nipe  clay,  no.  9469,  with 
5.23  percent  Cr203,  contains  the  maximum  quantity  of  chromium, 
and  Limones  clay,  no.  2524,  contains  the  maximum  quantity  of 
nickel,  0.453  percent  NiO. 

The  quantities  of  nitrogen,  potassium,  and  phosphorus  are  in  the 
main  low,  but  not  lower  than  in  many  fertile  soils.  The  Millville  loam 
which  is  the  only  fertile  soil  studied,  is  very  high  in  potash  and  fairly 
high  in  phosphorus.  It  is,  however,  not  as  high  in  potash  as  the 
Limones  clay,  no.  2522,  or  the  Cherry  Hill  Conowingo,  no.  6180. 
Both  of  these  two  last-named  soils  are  markedly  infertile.  The  nitro- 
gen in  the  Millville  profile  is  not  very  different  from  the  other  soil 
profiles.  The  most  conspicuous  difference  between  the  fertile  Mill- 
ville and  the  other  infertile  soils  is  the  absence  of  chromium  and  nickel 
in  the  Millville  profile. 

The  Corning  soils,  nos.  8755-57,  9931-33,  and  the  Jerome,  no. 
9929,  are  markedly  infertile  individual  members  of  soil  series  which 
are  productive  under  some  conditions.  The  samples  selected  repre- 
sented "poison  spots"  in  the  area.  The  quantities  of  plant-food 
elements  are  comparable  with  those  of  the  Millville,  but  there  is  in 
these  soils  a  high  percentage  of  chromium  and  generally  nickel,  which 
is  in  strong  contrast  to  the  Millville  soil.  The  more  fertile  areas  of 
Corning  soils,  as  represented  by  two  samples  examined,  but  of  which 
the  analyses  are  not  shown  in  the  table,  contain  no  chromium  or  nickel. 

The  quantities  of  calcium  vary  widely.  In  the  Conowingo  soils  it 
is  generally  low,  but  in  some  it  is  abnormally  high.     The  lowest 
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horizon  of  the  Belmont  Conowingo,  no.  6175,  shows  nearly,  if  not 
quite,  the  maximum  calcium  content  of  any  carbonate-free  soil. 
There  is  some  indication  that  the  high-lime  Conowingo  soils  are  less 
infertile  than  the  low-lime  Conowingo  soils.  The  difference  in  lime 
content  is  due  to  the  difference  in  the  parent  rock.  The  presence  of 
hornblende  and  pyroxenes  accounts  for  the  high  calcium  content. 
Hornblende  pockets  evidently  occur  frequently  in  the  altered  diorite. 
An  example  of  such  an  occurrence  is  brought  out  in  the  Oxford  and 
the  Alberene  Conowingo  profiles,  nos.  6236-38  and  9889-91. 

The  variation  in  ferric  oxide  from  3.52  percent  in  the  Cherry  Hill 
Conowingo  to  55.5  percent  in  the  Holguin  clay  shows  a  tremendous 
variation  in  the  composition  of  soils  formed  from  the  same  rock, 
serpentine,  weathering  under  different  climatic  conditions. 

There  is  a  very  large  and  significant  variation  in  the  sulphur  content 
of  the  various  soils  which  is  due  to  the  chemical  characteristics  of  the 
colloidal  clay.  The  Conowingo  soils  with  a  silica-sesquioxide  ratio 
around  2  show  quite  ordinary  quantities  of  sulphur.  The  Nipe,  with 
a  silica-sesquioxide  ratio  of  less  than  unity,  show  much  larger  quanti- 
ties, an  indication  of  anion  exchange,  or,  stated  in  another  way,  the 
high  sulphur  content  is  an  indication  of  basic  ferric  sulphates. 

The  hydrogen-ion  concentration  of  the  soils  varies  considerably.  In 
general,  there  is  a  decrease  in  acidity  as  the  depth  increases.  Many 
of  the  surface  soils  are  quite  acid.  It  is  quite  evident  that  these  ser- 
pentine soils  do  not  owe  their  infertility  to  an  alkaline  reaction.  The 
Mount  Tamalpais  soil  material  is  alkaline  as  Gordon  and  Lipman  (11) 
have  stated.  The  only  soil  showing  an  alkaline  reaction  is  the  Mill- 
ville  loam,  which  is  remarkably  fertile. 

Since  the  Mount  Tamalpais  sample  is  alkaline  and  is  practically 
pure  serpentine,  and  the  lower  profiles  of  many  of  the  serpentine  soils 
approach  neutrality,  it  is  probable  that  the  disintegrating  solution, 
after  acting  on  the  rock  in  the  first  stages  of  soil  formation,  is  alkaline. 

The  organic  matter  in  these  soils  is  low.  Mention  has  been  made 
of  soil  samples  of  Conowingo  silt  loam  (nos.  4724,  6180,  9458,  and 
9459)  which  show  a  small  negative  value  for  organic  matter  as  de- 
termined by  the  hydrogen  peroxide  method.  In  these  cases,  since 
some  organic  matter  is  undoubtedly  present,  the  gain  in  weight  is  to  be 
attributed  to  increase  in  weight  of  inorganic  constituents,  in  these 
cases  probably  to  oxidation  of  ferrous  iron.  These  four  soils  are  the 
only  ones  of  several  hundred  that  have  given  an  actual  gain  in  weight 
when  treated  with  hydrogen  peroxide.  This  characteristic  of  gaining 
weight  with  hydrogen  peroxide  would  seem  in  itself  to  indicate  prob- 
able infertility,  since  both  ferrous  iron  and  the  conditions  producing 
ferrous  iron  tend  to  inhibit  plant  growth. 

The  Nipe  clays  show  interesting  examples  of  a  residual  clay  from 
which  nearly  all  the  magnesium  in  the  parent  serpentine  had  been 
leached  away.  The  parent  rock  of  the  Puerto  Rico  Nipe  soils  is  a 
chlorite  containing  about  30  percent  MgO.  The  profile  samples  of 
Nipe  clay,  nos.  9465-9470,  show  that  the  magnesium  has  been  pretty 
largely  removed  from  the  upper  12  feet  while  the  lowest  horizon 
shows  the  presence  of  considerable  magnesium.  The  fact  that  the 
magnesium  has  been  largely  removed  from  the  surface  of  the  Nipe 
clay  and  that  the  infertility  still  remains  is  additional  evidence  that 
the  infertility  is  not  due  to  an  excess  of  magnesium.     Since  the  chro- 
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mium  remains  in  large  quantities  it  would  seem  that  this  is  the  toxic 
factor. 

There  is  a  possibility  that  the  presence  or  absence  of  some  of  the 
"trace  elements"  not  determined  in  the  analyses  may  be  a  factor 
in  the  infertility  of  soils  formed  from  serpentine  rocks.  The  original 
rock  from  which  the  serpentine  is  formed  is  of  very  different  composi- 
tion as  compared  with  the  granites,  shales,  etc.,  which  form  the 
great  superficial  outcrops.  Further,  the  serpentine  has  undergone 
extensive  alterations,  carrying  with  it  the  opportunity  for  enrichment 
or  impoverishment  of  the  various  trace  elements. 

In  addition  to  the  chromium  and  nickel  noted  in  the  above  analyses, 
cobalt  is  present  in  the  Dublin  Conowingo  and  probably  present  in 
many  of  the  other  soils  where  nickel  occurs.  Bertrand  and  Mokrag- 
natz  (#,  8)  found  13.6  and  17.4  parts  per  million  of  nickel  in  two 
European  soils.  These  same  soils  contained  2.8  and  3.7  parts  per 
million  of  cobalt.  They  also  found  that  both  nickel  and  cobalt  are 
common  constituents  of  plant  ash  in  very  small  quantities,  thus 
showing  that  both  nickel  and  cobalt  are  of  general  occurrence  in  soils. 
It  is  to  be  expected  that  cobalt  will  accompany  nickel  and  if  the  pro- 
portions of  Bertrand  and  Mokragnatz  hold  true  in  general  one  would 
expect  to  find  about  one-fifth  as  much  cobalt  as  nickel  in  the  soil# 

CHEMICAL  COMPOSITION  OF  THE  SOIL  COLLOIDS 

In  table  3,  which  shows  the  chemical  composition  of  the  colloids 
separated  from  high-magnesium  soils,  the  figures  for  chromium  and 
nickel  are  not  given  except  for  the  Nipe  samples  because  of  probable 
contamination  during  the  process  of  separating  the  colloidal  matter 
from  the  soil.  Work  to  be  reported  on  later  will  show  that  chromium 
exists  in  the  soil  in  two  different  forms  and  also  that  chromium  and 
nickel  are  in  a  condition  to  be  dissolved  from  the  soil  by  neutral 
ammonium  acetate. 

The  Dublin  Conowingo  colloids,  nos.  4722  and  2725,  with  11.92  and 
12.11  percent  of  magnesia,  respectively,  have  the  highest  percentages 
of  magnesia  of  any  soil  colloid  yet  recorded.  These  colloids  have  a 
silica-sesquioxide  ratio  approaching  3  and  the  sodium  and  calcium 
contents  are  almost  negligible. 

Formerly,  the  maximum  magnesium  content  for  soil  colloids  had 
been  found  in  the  pyrophyllitic  type  of  colloids  {5)  such  as  those  of 
the  Fallon  loam  and  Yolo  clay.  These  colloids  with  5.67  and  5.60 
percent  of  magnesia,  respectively,  were  developed  in  regions  of  scant 
rainfall.  They  have  a  silica-sesquioxide  ratio  approaching  4  and 
have,  in  addition  to  high  magnesium,  high  percentages  of  calcium 
and  the  alkalies.  The  Conowingo  colloids,  being  developed  in  a 
humid  region  show  a  sharp  contrast  in  chemical  composition,  mainly 
in  the  magnesium  content,  to  other  soil  colloids  developed  in  humid 
regions  and  show  probably  the  maximum  influence  of  the  composition 
of  the  parent  material  on  the  composition  of  the  colloidal  matter. 
Another  phase  of  the  influence  of  the  composition  of  the  parent  ma- 
terial not  brought  out  in  the  analyses  is  the  accumulation  of  chromium 
in  the  residual  soil  and  probably  also  in  the  colloidal  matter. 

The  so-called  plant-food  elements  are  not  high,  but  with  the  ex- 
ception of  calcium  they  are  generally  higher  in  the  colloidal  fraction 
than  in  the  whole  soils.     In  the  Belmont  and  Jermantown  profiles, 
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where  large  quantities  of  calcium  are  shown  in  the  soil,  very  little 
if  any  appears  in  the  colloids. 

There  is  considerable  variation  in  the  magnesium,  iron,  and  alumi- 
num of  different  profiles  and  in  different  horizons  of  the  same  profile. 
In  the  Dublin  Conowingo  the  magnesia  decreases  about  4.5  percent 
from  the  A  to  the  B  horizon.  This  decrease  cannot  be  explained  by 
removal  of  sesquioxides  from  the  A  to  the  B  horizon.  It  is  too  great 
to  be  accounted  for  through  dilution  by  sesquioxides.  There  is, 
of  course,  the  possibility  that  the  observed  difference  may  be  due  to  a 
difference  in  composition  of  the  parent  rock.  It  will  be  noted  that 
while  the  magnesia  and  iron  oxide  and  alumina  vary  considerably,  the 
combined  water  remains  sensibly  constant.  One  explanation  of  this 
is  that  the  magnesia  and  iron  oxide  and  alumina  replace  each  other. 
A  more  probable  explanation,  however,  is  that  the  colloids  of  these 
soils  consist  of  two  major  constituents  having  different  magnesia, 
iron  oxide,  and  alumina  contents,  but  the  same  water  of  hydration. 
The  composition  of  the  very  fine  micaceous  fraction  given  in  table  3 
indicates  this  may  be  true.  It  was  noticed  in  the  separation  of  the 
colloidal  matter  from  the  soil  that  there  was  a  very  fine  scalelike  ma- 
terial that  did  not  settle  out  by  gravity  but  was  thrown  out  on  the 
centrifuge  bowl.  A  sample  of  this  material  was  separated  by  those 
properties  and  the  analysis  is  given  in  table  3.  In  composition  this 
fraction  resembles  the  vermiculites.  It  is  higher  in  alumina  and 
water  and  lower  in  magnesia  than  the  mica  separated  from  the  sands. 
It  seems  probable  that  a  considerable  quantity  of  this  very  fine  scale- 
like material  would  enter  the  colloidal  fraction,  and  being  finer  in 
the  colloidal  matter  than  the  fraction  analyzed,  it  would  probably 
have  a  higher  combined  water  content. 

Viewed  in  this  way  the  Conowingo  colloids  may  be  considered  to 
be  made  up  of  two  distinct  main  constituents,  very  fine  vermiculite 
particles  and  the  common  type  of  halloysitic  acid  soil  colloid,  found 
in  soils  of  this  region.  Direct  evidence  of  this  is  wanting,  however, 
for  the  X-ray  patterns  made  by  S.  B.  Hendricks  and  M.  E.  Jefferson 
of  this  Bureau  show  that  the  fine  vermiculite  fraction  had  a  distinct 
pattern,  but  the  corresponding  soil  colloids  were  singularly  free  from 
lines  of  any  sort.  Hendricks  and  Jefferson  point  out  that  as  much  as 
20  percent  of  a  very  fine  crystalline  substance  may  be  present  in  a 
colloidal  substance  without  giving  definite  X-ray  pattern  to  the 
mixture. 

It  is  well  known  that  biotite  and  muscovite  alter  into  vermiculite 
in  the  presence  of  percolating  waters  containing  magnesium  and 
possibly  this  is  the  explanation  of  the  large  "insoluble"  or  nonex- 
changeable  proportion  of  magnesium  in  the  soil  colloids.  Maclntyre, 
Shaw,  and  Robinson  (23)  found  that  magnesium  applied  to  the  soil 
as  carbonate  or  hydroxide  soon  reacted  with  the  silica  to  form  an 
absorption  complex  in  which  very  little  of  the  magnesium  is  exchange- 
able. In  soil  colloids,  numerous  studies  have  shown  that  much  less 
of  the  magnesium  is  exchangeable  than  of  calcium  or  generally  of  the 
alkalies.  The  micas  are  of  wide-spread  occurrence  in  soils  and  it  is 
probable  that  the  magnesium  is  retained  by  the  soil  colloids  in  a  ver- 
miculite form,  resulting  from  the  alteration  of  muscovite  and  biotite. 

Comparing  the  chemical  composition  of  the  colloidal  matter  with 
the  soil  from  which  it  is  extracted,  perhaps  the  most  striking  differ- 
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ence  is  in  the  retention  of  the  magnesium  and  the  rejection  of  the 
calcium  by  the  colloid  as  it  forms  from  the  parent  rock.  In  the  lowest 
profile  of  the  Belmont  Conowingo  with  7.50  percent  of  calcium  oxide 
in  the  soil,  only  0.32  percent  of  calcium  oxide  appears  in  the  colloid. 
Of  the  6.69  percent  of  magnesium  oxide  in  the  same  soil,  1.02  percent 
of  magnesium  oxide  appears  in  the  separated  colloidal  matter.  The 
Jermantown  surface  soil,  with  6.26  percent  of  calcium  oxide,  yields  a 
colloid  with  only  0.45  percent  of  calcium  oxide,  while  the  respective 
figures  for  magnesium  are  19.37  and  7.59  percent.  Petrographic  de- 
terminations by  W.  H.  Fry  of  this  Bureau  showed  a  large  proportion 
of  hornblende  in  these  soils.  Both  soils  are  fairly  acid  and  the  col- 
loids, being  low  in  calcium,  indicate  that  the  hornblende  is  very 
resistant  to  weathering.  Here  is  a  case  where  the  chemical  composi- 
tion of  the  soil  with  respect  to  calcium  is  quite  misleading  and  it  is 
necessary  to  have  a  colloid  analysis  to  obtain  the  true  picture. 

In  nearly  all  the  work  previously  done  by  this  Bureau  it  has  been 
found  that  the  colloidal  matter  separated  from  the  soil  is  consider- 
ably higher  in  magnesia  than  the  whole  soil.  The  Conowingo  series 
presents  a  notable  exception  to  this  generality  in  that  the  whole  soil  is 
considerably  higher  in  magnesia  than  the  colloidal  matter.  This,  of 
course,  is  because  of  the  high  proportion  of  unchanged  serpentine  in 
the  soil  which  is  not  present  in  the  colloidal  matter. 

The  silica-sesquioxide  ratio  shows  considerable  variation  through  the 
profile,  being  generally  higher  in  the  surface  colloid.  This  ratio  is 
considerably  higher  in  the  surface  colloids  of  the  Conowingo  series 
than  in  other  series  developed  in  this  region.  The  Nipe  soil  is  a 
laterite  developed  under  tropical  conditions  from  the  weathering  of 
serpentine  rock-  and  the  contrast  between  the  Conowingo  and  Nipe 
colloids  is  an  interesting  case  of  the  variation  in  chemical  composition 
of  two  soil  colloids  developed  in  greatly  differing  climatic  conditions 
from  the  same  general  parent  material. 

CHEMICAL  COMPOSITION  OF  THE  PARENT  ROCK 

The  ultimate  parent  rock  of  the  Conowingo  series  of  soils  is  gabbro, 
but  the  immediate  parent  material  is  an  impure  serpentine  rock  mass 
into  which  the  gabbro  has  altered.  The  minerals  involved  in  the 
alteration  are  largely  chrysolite  and  to  a  less  extent  pyroxene  and 
amphibole.  Chrysolite  is  a  magnesium  silicate  which  frequently 
contains  nickel  and  chromium ;  pyroxene  and  amphibole  contain  con- 
siderable calcium  in  addition  to  magnesium  and  other  constituents. 

The  composition  of  the  serpentine  rock  mass  is  variable,  depending 
upon  the  proportions  of  the  different  minerals  in  the  original  diorite. 
Serpentine  contains  little  or  no  calcium,  but  in  some  places  where  the 
proportion  of  pyroxene  and  amphibole  is  high,  pockets  rich  in  cal- 
cium are  found.  Thus,  verde  antique  is  a  mixture  of  serpentine  and 
marble,  and  in  some  places  in  Cuba  pockets  of  calcium  carbonate  are 
found  in  the  Nipe  soil,  which  is  formed  from  serpentine  (1) .  The  high 
calcium  content  of  the  Belmont  Conowingo  probably  is  because  this 
particular  portion  of  the  gabbro  is  high  in  pyroxene  and  amphibole. 
A  layer  of  very  different  composition  from  the  rest  of  the  profile  occurs 
in  the  B  horizon  of  the  Oxford  Conowingo.  This  is  undoubtedly  due 
to  a  variation  in  the  composition  of  the  parent  material.  These 
examples  serve  to  show  that  considerable  variation  may  occur  in  the 
composition  of  the  soil  owing  to  differences  in  parent  material,  and 
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also  that  it  is  difficult,  on  account  of  these  variations,  to  find  a  piece 
of  parent  rock  similar  in  composition  to  the  parent  rock  that  formed 
any  particular  soil  profile.  Nevertheless,  to  be  certain  that  the  general 
parent  material  was  really  serpentine  rock,  an  attempt  was  made  to 
collect  such  samples  in  a  few  cases.  Petrographic  identifications  made 
by  W.  H.  Fry  showed  the  rocks  to  be  mainly  serpentine.  The  chemical 
analyses  are  given  in  table  4. 


Table  4.- 


■Chemical  composition  of  high-magnesium  rocks  from  which  certain  soils 
are  derived 


Lab- 
ora- 
tory 
no. 


Type  and  location 


SiOi 

TiOj 

AhOi 

FeiOi 

MnO 

CrjOi 

Percent 
37.98 

Percent 
0.10 

Percent 
0.78 

Percent 
12.45 

Percent 
0.13 

Percent 
0.44 

39.55 
43.82 
38.39 
40.27 

.10 
.06 
.38 
0) 

.59 
2.41 
6.44 
3.62 

14.37 
10.92 
11.31 
9.29 

.12 
.27 
.27 

.19 

.60 
.34 
.38 
.38 

43.50 

.19 

7.62 

7.62 

.20 

.38 

NiO 


6181a 
6181b 

6182 
9570 
9607 
9930 


Fresh  serpentine,  Cherry  Hill,  Md... 
Decomposed  serpentine,  Cherry  Hill, 

Md , 

Serpentine,  Dublin,  Md 

Soapstone,  Alberene,  Va 

Serpentine,  Hunting  Hill,  Md 

Serpentinelike  rock,  Josephine  Coun- 
ty, Oreg , 


Percent 


0.111 
.200 


,070 


Lab- 
ora- 
tory 
no. 

Type  and  location 

CaO 

MgO 

ZiO 

NaaO 

PjO. 

SOi 

Ignition 
loss 

6181a 
6181b 

Fresh  serpentine,  Cherry  Hill,  Md— 

Decomposed  serpentine,  Cherry  Hill, 

Md 

Percent 
0) 

8 

4.56 
.03 

8.92 

Percent 
37.68 

34.61 
32.98 
25.94 
35.53 

23.21 

Percent 
0.06 

.04 

.14 
.18 

Percent 
0.01 

.03 
.07 
.01 
0) 

.11 

Percent 
0.03 

.02 
0) 
.02 
.02 

.02 

Percent 
0.52 

.02 
.10 
.35 
.06 

.12 

Percent 
10.35 

10.05 

6182 

9.93 

9570 

12.02 

9607 
9930 

Serpentine,  Hunting  Hill,  Md 

Serpentinelike  rock,  Josephine  Coun- 
ty, Oreg 

11.00 

5.43 

» Trace. 

In  the  analyses  in  table  4  no  figures  are  given  for  ferrous  iron. 
Although  some  iron  is  undoubtedly  present  in  this  state,  it  was  all 
determined  as  ferric  iron. 

In  general,  the  analyses  are  much  the  same  as  given  by  Dana  (6) 
for  serpentine. 

The  first  two  samples,  6181a  and  6181b,  represent  the  whitish, 
incoherent  layer  on  the  outside  of  an  embedded  serpentine  boulder 
and  the  fresh,  tough,  green  serpentine  near  the  middle  of  the  boulder. 
There  is  comparatively  little  change  in  composition,  except  for  the 
sulphur  which  has  been  nearly  all  removed.  Some  magnesium  has 
been  lost,  and  iron,  chromium,  and  silica  have  been  gained,  but  the 
changes  are  small.  It  would  seem  as  though  the  constituents  were 
being  carried  away  by  the  ground  water  in  much  the  same  proportions 
as  they  occur  in  the  rock. 

Chromium  and  nickel  are  present  in  considerable  quantities  in  all 
the  rocks.  The  alumina  varies  considerably  and  it  would  seem  that 
the  percentages  of  alumina  in  the  rock  would  determine  the  quantity 
of  colloidal  matter  formed  in  the  weathering  of  the  rock.  None  of 
the  Conowingo  colloids  contains  less  than  16.33  percent  A1203.  It 
appears  that  serpentines  containing  very  little  alumina  will  not 
produce  enough  colloidal  matter  to  form  a  very  deep  soil,  but  will 
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produce  the  rocky  Conowingo  barrens.  In  this  case  the  magnesia 
and  silica  are  carried  away  by  the  ground  and  river  waters  in  much 
the  same  proportion  as  they  occur  in  the  serpentine,  leaving  but 
little  insoluble  product  of  hydrolysis  to  form  a  soil  colloid.  It  is 
only  when  the  serpentine  contains  enough  alumina  to  form  the  kao- 
linitic  acid  complex  or  the  vermiculite  complex  that  enough  colloidal 
matter  will  remain  as  a  residual  product  to  form  a  normal  soil  covering. 

Chromium  apparently  occurs  in  two  forms  in  the  parent  rocks  and 
the  soils  formed  from  them.  One  form,  chromite  or  ferrous  chromite, 
is  not  attacked  by  fusion  with  sodium  carbonate  and  potassium 
nitrate  and  is  left  as  a  brownish  black  insoluble  residuum  when  the 
products  of  fusion  are  treated  with  hydrochloric  acid.  The  insoluble 
chromite  can  be  filtered  and  dissolved  by  fusion  with  potassium 
pyrosulphate.  In  this  way  a  rough  separation  may  be  made  of  the 
chromium  occurring  as  chromite  and  the  chromium  replacing  alumina 
and  ferric  iron  which  is  made  soluble  by  fusion  with  sodium  car- 
bonate and  niter.  Using  this  proximate  method  of  distinguishing 
between  the  two  forms,  it  was  found  that  the  Hunting  Hill  serpentine, 
no.  9607,  contained  0.19  percent  Cr203  as  chromite  and  0.19  percent 
Cr203  in  the  soluble  form.  The  Schuyler,  Va.,  soapstone,  no.  9570, 
contained  0.15  percent  Cr203  as  chromite  and  0.23  percent  Cr203 
soluble.  The  rock  from  Josephine  County,  Oreg.,  no.  9930,  con- 
tained 0.07  percent  Cr203  as  chromite  and  0.31  percent  Cr203,  soluble. 
A  poison  spot  in  the  Jerome  sandy  loam  in  this  county  contained 
2.37  percent  Cr203  as  chromite  and  0.37  percent  Cr203,  soluble. 
Several  other  poison  spots  contained  from  1.80  to  2  percent  Cr203. 
Some  of  the  Conowingo  soils  contained  but  little  chromite,  as  low 
as  one-fifth  of  the  total  quantity  of  chromium  being  present  in  this 
form.  The  chromium  in  the  Nipe  soils  is  largely  in  the  form  of 
chromite.  The  perdigon,  or  iron  concretions  in  the  Nipe,  are  con- 
siderably higher  in  chromium  than  the  surrounding  soil.  According 
to  Bennett  and  Allison  (1)  perdigon  have  been  formed  from  soil 
material  after  the  formation  of  the  soil.  From  this  it  would  appear 
that  chromium  may  be  dissolved  and  precipitated  in  the  soil  in  much 
the  same  manner  as  iron.  This  is  an  important  point  to  bear  in 
mind  in  considering  the  probable  toxicity  that  chromium  gives  to 
soils.  Chromium  exists  in  several  states  of  oxidization  and  is  partic- 
ularly toxic  in  the  chromate  condition  (17). 

Dolomite  enters  into  the  parent  material  of  the  Millville  loam. 
Dana  (6)  states  that  cobalt  and  zinc  rarely  occur  in  dolomite  but 
does  not  mention  the  occurrence  of  nickel  and  chromium. 

AVAILABILITY  OF  CHROMIUM,  NICKEL,  AND  OTHER  CONSTITUENTS 

It  has  been  shown  that  chromium  and  nickel  are  ever  present 
constituents  of  the  infertile  Conowingo,  Jerome,  Corning,  and  Nipe 
soils.  These  elements  are  toxic  to  plant  growth  as  will  be  shown 
later.  It  remains  to  be  proved  that  chromium  and  nickel  are  at 
least  to  some  extent  soluble  and  that  they  are  taken  up  by  plants  in 
sufficient  quantities  to  be  toxic.  To  obtain  evidence  on  the  first 
point,  the  solubility  of  chromium  and  nickel  or  their  exchange- 
ability was  tested  by  the  ammonium  acetate  method  of  Schollen- 
berger  and  Dreibelbis  (32).  Chromium  was  estimated  colorimet- 
rically  as  chromate  in  very  small  volume  and  nickel  was  determined 
by  precipitation  with  dime  thy  lglyoxime.    The  solutions  were  obtained 
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by  percolating  200  to  500  g  of  soil  with  2  to  5  1,  respectively,  of 
normal,  neutral  ammonium  acetate.  The  results  are  given  in  table 
5,  together  with  the  results  for  the  common  elements  and  also  barium, 
as  this  element  was  present  in  all  cases. 

The  data  given  in  table  5  show  the  presence  of  appreciable  quan- 
tities of  available  chromium  in  all  of  the  soils  and  the  presence  of 
available  nickel  in  all  but  one  of  the  soils  tested.  When  twentieth- 
normal  hydrochloric  acid  was  substituted  for  the  neutral  ammonium 
acetate  in  leaching  soil  no.  4722,  the  quantities  of  chromium  and 
nickel  in  the  leachate  were  considerably  increased.  This  soil  is  fairly 
acid  and  it  is  probable  that  greater  quantities  of  chromium  and 
nickel  are  available  to  plants  growing  in  this  soil  than  the  quantities 
which  appear  in  the  ammonium  acetate  leachate. 

Table  5. — Soil  constituents  made  soluble  by  leaching  lOOg  of  soil  with  11  of  neutral, 
normal,  ammonium  acetate,  according  to  method  of  Schollenberger  and  Drei- 
belbis  {32) 


Labora- 
tory 
no. 

Si02 

A1203  + 
Fe203 

CT2O3 

NiO 

MnO 

CaO 

BaO 

MgO 

K20 

Na20 

Milli- 

Milli- 

Milli- 

Milli- 

Millt- 

Milli- 

Milli- 

Millt- 

mitt- 

Millt- 

cqmva- 

equtva- 

equiva- 

equtva- 

equiva- 

equiva- 

equna- 

equtva- 

equiva- 

eqmta- 

lent 

lent 

lent 

lent 

lent 

lents 

lent 

lents 

lent 

lent 

2523 

0.18 

0.19 

0) 

0.0041 

0.04 

4.28 

0.02 

1.41 

0.04 

0.11 

4722 

.10 

.05 

0.0060 

.0120 

.04 

.16 

.02 

4.09 

.06 

.13 

4725 

.11 

.02 

.0010 

.0110 

.05 

.17 

.02 

4.19 

.05 

.10 

5829 

.03 

.14 

.0020 

.0030 

.19 

.75 

.06 

1.21 

.06 

.14 

6178 

.03 

.03 

.0030 

.0054 

.35 

.55 

.01 

1.16 

.08 

.11 

6236 

.30 

.01 

.0020 

.0038 

.04 

.69 

.06 

8.66 

.03 

.08 

6241 

.31 

.15 

.0011 

.0076 

.02 

8.33 

.02 

14.28 

.06 

.09 

7594 

.33 

.03 

.0080 

.0030 

.07 

.79 

.01 

1.27 

.01 

.10 

9338 

.07 
.24 
.12 

.20 
.14 
.24 

.0015 
.0007 
.0025 

.06 
.03 
.02 

2.06 
.92 

.81 

.05 
.02 
.01 

3.17 
.62 
.20 

.07 
.04 
.16 

.27 

9343 

.08 

9346 

.34 

9456 

.30 

.13 

.0010 

.0060 

.11 

.16 

.03 

5.88 

.04 

.06 

9460 

.21 

.24 

.0010 

(') 

.03 

.69 

.04 

.37 

.02 

.08 

9889 

.24 

.14 

.0010 

.0021 

.24 

6.46 

.03 

9.66 

.22 

.28 

9932 

.47 

.25 

.0045 

.0372 

.13 

3.75 

.03 

5.57 

.37 

.15 

1  Present,  but  quantitative  reading  lost. 
8  None. 

Note.— Since  this  manuscript  was  prepared  for  publication,  C.  F.  Marbut,  Chief  of  the  Division  of 
Soil  Survey,  sent  in  an  unusual  soil  from  the  Napa  area,  Calif.  This  soil,  Maxwell  clay  adobe,  is  devel- 
oped from  serpentine  and  is  reported  to  be  infertile.  The  California  State  Soil  Survey  notes  that 
the  soil  contains  considerable  excess  of  magnesia  over  lime.  The  surface  soil  contains  0.028  percent  Cr203, 
0.068  percent  NiO,  and  is  lower  than  many  soils  of  the  Conowingo  series  in  chromium,  but  comparatively 
high  in  nickel.  The  pH  of  the  A,  B,  and  C  horizons  is  7.96,  8.43,  and  8.40,  respectively.  The  C  horizon 
contains  magnesite.  When  treated  as  outlined  for  the  samples  in  table  5,  the  soils  yielded  the  following 
figures: 


Sample  no. 

Depth 

Si02 

R203 

Cr203 

NiO 

CaO 

MgO 

BaO 

K20 

Na20 

C114  

Inches 
0-10 
10-34 

Milli- 

equiv- 

alent 

0.94 

Lost 

Milli- 

equiv- 

alent 

0.32 

.46 

muu- 

equiv- 
alent 
None 
do 

Milli- 
equiv- 
alent 
Trace 
do 

Milli- 

equiv- 

alents 

3.13 

2.27 

Milli- 
eq  uiv- 
alents 
37.7 
39.0 

Milli- 

equiv- 

alent 

0.18 

Lost 

Milli- 

equiv- 

alent 

0.70 

.42 

Milli- 
equiv- 
alents 
0.70 

C115 

2.70 

These  figures  are  much  the  same  as  those  reported  in  table  5  except  that  no  soluble  chromium  is  shown. 
If  the  toxicity  in  this  soil  is  caused  by  the  presence  of  toxic  metallic  elements  it  must  be  due  to  nickel  and 
barium,  as  no  soluble  chromium  is  demonstrated.  Sufficient  lime  and  potash  are  shown.  Loew's  (19) 
theory  would  seem  to  explain  the  infertility  of  this  soil. 

The  presence  of  barium  in  the  leachate  from  all  the  soils  is  sur- 
prising. Barium  in  small  quantities  occurs  quite  generally  in  plants, 
(Failyer  (5),  and  Robinson,  Steinkoenig,  and  Miller  (29)).  The 
quantities  of  barium  in  the  plant  apparently  vary  according  to  the 
quantities  of  barium  in  the  soil.     It  is  possible  that  barium  may  be  a 
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factor  in  the  infertility  of  these  soils  but  so  little  is  known  about  the 
exchangeability  of  barium  in  soils  no  comments  can  be  made  on  this 
phase. 

Available  potassium  is  generally  low  in  these  serpentine  soils.  This 
is  in  harmony  with  the  findings  of  Gordon  and  Lipman  (11). 

Available  magnesium  is  high  in  all  but  the  Nipe  clay  soils,  nos.  9343 
and  9346  and  the  Potomac  Conowingo  silt  loam,  no.  9460.  All  of 
these  soils  except  the  Limones  clay,  no.  2523,  and  the  soils  just  men- 
tioned, show  considerable  excess  of  magnesia  over  lime.  In  many  of 
the  soils  the  lime  and  perhaps  some  other  constituents  are  too  low  for 
optimum  plant  growth.  In  these  cases  the  lime-magnesia  theory  of 
Loew  cannot  be  properly  applied. 

If  Loew's  theory  is  applied  and  the  effect  of  the  paucity  of  both 
calcium  and  some  other  elements  is  neglected  it  will  be  seen  that  in 
11  of  the  15  soils  examined,  Loew's  theory  that  an  excess  of  magnesia 
over  lime  is  responsible  for  the  toxicity  to  plants  may  be  taken  as  a 
satisfactory  explanation  of  the  observed  toxicity.  In  3  of  the  4 
exceptions,  the  quantities  of  both  lime  and  magnesia  are  so  low  that 
they  may  be  limiting  factors  of  plant  growth.  Since,  however, 
soluble  chromium  is  present  in  all  the  15  soils,  the  theory  that  the 
infertility  is  due  to  soluble  chromium  appears  more  attractive  than 
Loew's  theory.  It  is  quite  probable  that  both  factors  play  a  part. 
It  also  appears  that  in  certain  instances,  low  hydrogen-ion  concentra- 
tion values  or  a  general  lack  of  available  plant  food  may  contribute 
to  the  infertility  of  these  soils. 

It  has  been  shown  that  chromium  and  nickel  are  present  in  the 
ammonium  acetate  extract  of  practically  all  the  soils  examined  and 
it  is  probable  these  elements  are  taken  up  by  plants  growing  on  the 
soils.  Direct  evidence  on  this  point  is  shown  in  table  6  which  shows 
the  partial  ash  composition  of  the  leaves  of  blackjack  oak  and  red 
oak  grown  on  the  Dublin  Conowingo  soil  also  the  partial  composition 
of  red  oak  leaves  grown  on  Chester  loam  at  Falls  Church,  Va.  Both 
of  the  two  soils  involved  are  low  in  calcium.  The  Chester  soil  does 
not  contain  enough  nickel  or  chromium  to  be  detected  in  5  g.  There 
is  over  25  times  as  much  magnesium  in  the  Dublin  Conowingo  soil 
as  in  the  Falls  Church  Chester  soil. 

Table  6. — Partial  composition  of  oak  leaves  grown  on  Conowingo  soil  compared 
with  that  of  oak  leaves  grown  on  Chester  soil 


Material,  location,  and  soil 

SiOa 

R2O3 

Cr203 

NiO 

CaO 

MgO 

r2o8 

Blackjack  oak  leaves,  Dublin,  Md .,  Conowin- 

Percent 

0.59 

.53 

.35 

Percent 

0.45 

.24 

.48 

Percent 

0.0006 

.0004 

(>) 

Percent 

0.0005 

.0006 

0) 

Percent 
2.33 
2.07 
2.07 

Percent 
1.68 
1.56 
.72 

Percent 
0.28 

Red  oak  leaves,  Dublin,  Md.,  Conowingo 

.24 

Red  oak  leaves,  Falls  Church,  Va.,  Chester 

.51 

1  Trace. 


It  is  regretted  that  no  blackjack  oak  could  be  found  growing  on 
Chester  loam  to  compare  with  the  Conowingo  specimen.  This  tree 
seems  to  thrive  uncommonly  well  on  the  Conowingo  soils  and  is  not 
commonly  found  on  adjoining  soils.  It  would  seem  to  be  particularly 
tolerant  to  chromium,  nickel,  and  an  excess  of  magnesia. 
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The  main  deductions  to  be  made  from  the  data  of  table  6  are  that 
the  leaves  grown  on  the  Dublin  Conowingo  soil  are  very  much  higher 
in  chromium,  nickel,  and  magnesium  than  the  leaves  grown  on  the 
Chester  soil.  The  calcium  content  is  about  the  same  in  all  cases. 
The  phosphoric  acid  is  very  much  higher  in  the  leaves  grown  on  the 
Chester  soil.  In  most  of  the  constituents  the  composition  of  the  ash 
of  the  leaves  follows  the  composition  of  the  soil. 

The  lower  figure  for  phosphoric  acid  in  the  leaves  grown  on  the 
Conowingo  soil  gives  a  possible  clew  to  the  mechanism  of  chromium 
toxicity.  Chromium  phosphate  would  probably  be  nearly  as  in- 
soluble as  aluminum  phosphate  under  soil  conditions.  Koenig  (17) 
found  chromium  to  be  concentrated  in  the  roots  of  plants  suffering 
from  chromium  toxicity  and  it  seems  quite  probable  that  chromium 
may  prevent  the  utilization  of  phosphorus  by  the  plant. 

Bertrand  and  Mokragnatz  (8)  found  small  quantities  of  nickel  and 
cobalt  also  in  the  ash  of  a  large  number  of  plants.  They  believe  these 
elements  to  be  common  constituents  of  plants.  Bertrand  and  Mokra- 
gnatz used  large  quantities  of  plant  material,  up  to  and  over  a  kilo- 
gram, and  obtained  as  much  as  3.3  parts  per  million  of  nickel,  though 
most  plants  contained  less  than  2  parts  per  million.  The  quantities 
reported  as  traces  from  the  oak  leaves  from  Falls  Church,  Va.,  are 
less  than  1  part  per  million.  Four  and  six  parts  of  nickel  per  million 
were  found  in  the  leaves  of  the  oak  growing  on  the  Conowingo  soil. 

Robinson,  Steinkoenig,  and  Miller  (29)  found  traces  of  chromium 
in  14  out  of  48  plants  tested.  The  soils  on  which  the  plants  grew 
contained,  at  the  most,  0.013  percent  of  chromic  oxide. 

TOXICITY  OF  CHROMIUM  AND  NICKEL  SALTS 

Both  chromium  and  nickel  were  found  to  be  toxic  by  the  earlier 
agricultural  chemists.  Koenig  (17)  gives  a  summary  of  the  literature 
up  to  1912  on  the  effect  of  chromium  on  plant  growth.  He  gives  a 
comprehensive  report  of  his  own  work  on  the  growth  of  a  number  of 
different  kinds  of  plants  in  water  cultures,  in  sand  cultures,  and  in 
humous  soils  to  which  various  chromium  compounds  had  been  added. 
Koenig  found  that  chromium  was  taken  by  plants  from  all  the 
chromium  compounds  used.  Chromium  in  all  but  the  smaller  concen- 
trations proved  to  be  very  toxic.  Small  applications  of  chromous 
salts  and  very  small  applications  of  chroma tes  were  stimulating.  The 
chroma tes  were  the  most  toxic  followed  by  chrome  alum  and  chromium 
salts.  The  very  insoluble  chromite  was  stimulating  in  higher  con- 
centrations and  the  heaviest  applications  were  toxic  to  the  more 
sensitive  plants.  Germination  was  prevented  by  a  small  concentra- 
tion of  chromium  and  the  roots  of  the  plants  in  the  chromium  cultures 
contained  more  chromium  than  other  parts  of  the  plant.  In  sand 
cultures  50  parts  per  million  of  chromium  as  dichromate  were  toxic. 
It  took  higher  concentrations  to  produce  toxicity  in  humous  soils. 
Lime  counteracted  chromium  toxicity.  Lead  and  silver  salts  counter- 
acted toxicity  due  to  chromates.  Chromium  in  small  concentrations 
killed  yeast  cells. 

Pfeiffer,  Simmermacher,  and  Rippel  (26)  grew  plots  of  oats  and 
barley  to  which  were  added  different  chromium  compounds.  Favor- 
able results  were  obtained  in  some  cases;  unfavorable  results  in  others. 
They  concluded  that  the  practical  value  of  chromium  as  a  soil  amend- 
ment was  not  established. 
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Voelcker  (36,  p.  161),  using  pot-culture  methods,  reported  that  50 
parts  per  million  of  chromium  prevented  the  growth  of  corn  and  barley 
the  first  year  but  was  stimulating  the  second  year.  With  wheat,  as 
much  as  250  parts  per  million  of  chromium  lost  its  injurious  effects 
the  third  year  and  became  stimulating. 

Haselhoff,  Haun,  and  Elbert  (12)  investigated  the  use  of  waste 
materials  from  chrome  tanneries  for  composting.  They  found 
chromium  in  the  form  of  hydrated  oxide  to  be  somewhat  toxic  and 
that  chromates  were  very  toxic.  The  toxicity  of  both  forms  was 
greater  in  sandy  than  in  clay  soils. 

L.  A.  Hurst  of  this  Bureau  reported  2  a  certain  sample  of  triple 
superphosphate  very  toxic  to  young  sugar  beets.  This  superphosphate 
contained  considerable  chromium.  When  treated  with  an  excess  of 
lime  the  superphosphate  was  no  longer  toxic.  If  the  toxicity  was  due 
to  chromium,  as  appears  reasonable,  this  result  is  in  harmony  with 
Koenig's  conclusion  that  lime  counteracts  chromium  toxicity.  Millar, 
as  reported  by  McCool  (21,  p.  219),  at  the  Michigan  Agricultural 
Experiment  Station  found  that  a  sample  of  triple  superphosphate  from 
the  same  source  as  that  reported  above  prevented  the  germination  of 
beans.  Hill,  Marshall,  and  Jacob  (IS)  have  shown  that  chromium  is 
an  ever-present  but  very  variable  constituent  of  phosphate  rock. 
Some  deposits  contain  from  10  to  50  times  as  much  chromuim  as 
others.  It  is  not  improbable  that  the  chromium  content  of  phos- 
phates is  a  factor  in  their  fertilizer  value. 

It  is  evident  that  the  toxicity  due  to  chromium  will  depend  not 
only  on  the  quantity  and  the  form  of  the  chromium  but  on  soil  con- 
ditions such  as  pH  value,  oxidation,  and  reduction  and  presence  of 
other  metals.  Chromium  is  present  in  all  soils,  but  generally  in  small 
quantities.  Robinson  (27)  found  from  10  to  180  parts  per  million  in 
13  fertile  surface  soils  of  the  United  States,  the  average  being  74  parts 
per  million  Cr2C>3.  This  is  an  entirely  different  order  of  magnitude 
from  the  chromium  content  of  the  infertile  high-magnesium  soils 
which  run  from  510  to  38,360  parts  per  million,  averaging  8,350  parts. 
The  fertile  soils  have  a  chromium  content  which  Koenig  and  Voelcker 
class  as  stimulating,  while  the  infertile  soils  contain  quantities  which 
Koenig  classes  as  toxic. 

Koenig  has  shown  that  even  chromite,  probably  the  most  insoluble 
of  the  chromium  compounds  occurring  in  soils,  will  dissolve  in  suffi- 
cient quantity  to  be  taken  up  by  plants.  There  is  probably  some 
natural  equilibrium  between  the  quantity  of  chromite  in  the  soil  and 
the  more  soluble  forms  of  chromium.  Chromite  in  the  soil  is  there- 
fore a  potential  source  of  soil  toxicity.  Koenig  states  that  chrome 
alum  in  the  soil  may  be  changed  to  the  very  toxic  chromates.  Waks- 
man  (37),  however,  does  not  list  chromium  as  one  of  the  metals  oxi- 
dized by  bacteria.  There  are,  however,  may  soil  organisms  which 
cause  corresponding  oxidization  of  sulphur,  iron,  manganese,  arsenic, 
and  other  elements.  Since  lead  and  other  chromates  occur  in  nature 
as  secondary  minerals,  it  is  not  improbable  that  under  some  soil  con- 
ditions chromium  salts  may  be  converted  into  the  very  toxic  chro- 
mates. It  has  been  stated  that  chromium  in  low  concentrations  kills 
yeast  cells.  It  is  quite  possible  that  chromium  in  concentrations  too 
low  to  be  directly  toxic  to  plant  growth  may  have  a  profound  effect 
on  the  microbiological  flora  of  the  soil. 

1  Private  communication. 
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Scharrer  and  Schropp  (31)  review  the  literature  on  the  effect  of 
nickel  and  cobalt  on  plant  growth  and  present  their  own  data  on  the 
growth  of  corn,  barley,  rye,  oats,  beans,  and  peas  in  sand  and  water 
cultures  containing  small  quantities  of  the  metals.  Their  work  on 
cobalt  was  more  extensive  than  on  nickel.  Nickel  in  sand  cultures  in 
quantities  of  about  50  parts  per  million  was  somewhat  stimulating, 
but  was  toxic  at  higher  concentrations.  Cobalt  at  concentrations  less 
than  1  part  per  million  was  stimulating  to  corn  and  barley  but  toxic 
to  other  plants,  and  in  higher  concentrations  was  toxic  to  all  plants. 
The  earlier  works  reviewed  by  Scharrer  and  Schropp  show,  in  general, 
that  nickel  and  cobalt  are  toxic  to  plant  growth,  and  particularly 
toxic  to  yeast. 

The  quantities  of  chromium,  nickel,  and  probably  cobalt  found  in 
the  infertile  soils  derived  from  high-magnesium  rocks  are  higher  than 
the  quantities  which  the  above  investigators  have  found  to  be  toxic 
to  plant  growth.  It  would  seem  that  enough  work  had  been  done 
with  chromium  to  establish  the  theory  that  the  smaller  quantities 
which  are  found  in  fertile  soils  do  not  harm  and  perhaps  may  be 
beneficial.  The  larger  quantities,  however,  of  the  order  of  0.1  percent 
and  more,  would  seem  to  be  toxic.  In  applying  the  quantitative 
factor  in  chromium  toxicity  due  consideration  must  be  given  to  the 
pH  value,  texture,  and  composition  of  the  soil.  It  is  probable  that 
there  is  also  a  quantitative  aspect  of  the  effect  of  nickel  and  cobalt 
on  plant  growth  on  natural  soils.  Bertrand  and  Mokragnatz  (2,  3)  and 
also  McHargue  (22)  have  found  small  quantities  of  these  metals  in 
fertile  soils  of  the  order  of  1  to  10  parts  per  million.  The  former 
report  nickel  and  cobalt  widely  distributed  in  plants. 

SUMMARY  AND  CONCLUSIONS 

A  number  of  soils  derived  from  high-magnesium  rocks  in  Maryland, 
Pennsylvania,  Virginia,  Utah,  Oregon,  California,  Cuba,  and  Puerto 
Rico  have  been  studied  to  determine  the  cause  of  their  infertility. 
Mechanical  and  chemical  analyses  of  the  soils  have  been  made.  The 
chemical  composition  of  the  colloidal  matter  separated  from  the  soils 
has  been  determined  and  in  a  few  cases  the  parent  rocks  from  which 
the  soils  have  been  formed  have  been  analyzed. 

The  availability  of  nickel,  chromium,  and  some  of  the  other  con- 
stituents has  been  studied,  using  the  neutral  ammonium  acetate 
leaching  method.  In  a  few  cases  nickel  and  chromium  have  been 
determined  in  plants  growing  on  the  infertile  soils. 

From  this  study  the  following  conclusions  are  drawn  in  regard  to 
these  soils. 

The  mechanical  analysis  shows  a  sufficient  quantity  of  colloidal 
matter  to  retain  moisture  and  the  plant-food  elements  and  not  too 
much  to  make  the  soil  unworkable.  In  some  cases  there  is  not  enough 
coarse  material  to  give  good  internal  drainage  and  there  is  a  large 
quantity  of  silt  which  is  deleterious  in  some  soils.  The  high  silt 
content  is  not  a  predominating  factor  causing  infertility. 

All  the  infertile  soils  show  a  comparatively  high  percentage  of 
chromium  and  nickel;  cobalt  was  shown  to  be  present  in  one  soil — 
the  only  one  tested  for  this  element.  In  most  cases  the  magnesium 
was  very  high  though  it  was  low  in  others.  The  calcium,  potassium, 
and  phosphorus  were  generally  low,  but  not  lower  than  in  many  soils 
that  are  successfully  farmed.    In  other  cases  these  constituents  are 
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quite  high  but,  with  the  exception  of  the  Millville  loam,  are  accom- 
panied by  very  high  percentages  of  chromium  and  considerable  nickel. 

Chromium  occurs  in  the  soil  in  two  forms,  an  acid-soluble  form, 
presumably  comparable  to  the  acid-soluble  iron  and  aluminum,  and 
an  acid-insoluble  form,  ferrous  chromite,  the  chromite  of  mineralogy. 

An  alkaline  pH  is  not  a  dominant  factor  in  causing  the  infertility^ 
of  these  soils.  The  reactions  of  the  infertile  soils  vary  from  very 
acid  to  slightly  alkaline.  The  surface  soil  is  generally  quite  acid  and 
numerically  the  pH  value  increases  generally  with  depth  to  the  parent 
rock. 

Many  of  the  soil  colloids  in  these  series  are  extremely  high  in 
magnesium.  They  vary  considerably  in  composition  in  the  different 
soils  also  in  the  same  profile.  It  is  probable  that  these  soil  colloids 
contain  a  considerable  proportion  of  vermiculite,  though  X-ray 
evidence  on  this  point  is  negative. 

Comparisons  of  the  chemical  compositions  of  the  soils,  colloids, 
and  parent  rock  show  that  this  group  of  soils  is  unique  in  showing 
a  profound  influence  of  the  composition  of  the  parent  rock  on  the 
compositions  of  the  soil  and  colloids.  The  influence  of  climate  is 
also  shown,  for,  in  the  temperate  climate,  magnesium  largely  remains 
with  the  soil  but  in  the  tropical  laterites  it  is  largely  lost.  Both  in 
the  temperate  climate  and  in  the  tropics  the  high  content  of  chromium 
from  the  parent  rock  is  largely  retained  in  the  soils  and  nickel  is 
largely  lost. 

Chromium  and  nickel  in  these  soils  are  available  in  the  sense  that 
they  are  dissolved  by  leaching  the  soil  with  neutral  ammonium  acetate 
and  both  metals  are  taken  up  in  comparatively  large  quantities  by 
plants  growing  on  some  Conowingo  soils. 

The  ammonium  acetate  leachate  from  all  the  soils  examined  con- 
tained a  determinable  quantity  of  barium. 

It  is  believed  by  some  investigators  that  an  unfavorable  calcium- 
magnesium  ratio  may  cause  infertility,  but  the  theory  cannot  be 
properly  applied  in  general  since  in  many  cases  the  lack  of  both  cal- 
cium and  magnesium  is  a  limiting  factor  of  plant  growth  apart  from 
their  mutual  relation. 

The  literature  shows  that  very  small  quantities  of  chromium  and 
nickel  are  somewhat  stimulating  to  plant  growth  and  that  larger 
quantities  are  very  toxic.  The  evidence  is  that  practically  all  soils 
contain  some  small  quantity  of  chromium  and  nickel.  The  infertile 
soils  under  consideration,  however,  contain  a  comparatively  great 
quantity  of  these  elements.  It  is  therefore  important  to  find  some 
quantitative  expression  for  the  amounts  of  these  elements  a  cultivated 
soil  may  safely  contain.  This  quantity  will  vary  with  the  reaction, 
texture,  and  general  composition  of  the  soil. 

Whereas  poor  mechanical  composition,  causing  poor  internal  drain- 
age, an  excess  of  magnesium,  and  lack  of  plant-food  elements  may  be 
frequent  causes  of  infertility  in  the  soils  studied,  the  only  general  and 
dominant  cause  of  infertility  in  soils  derived  from  ferromagnesian 
rocks  is  the  comparatively  high  percentages  of  chromium  and  nickel. 
In  the  past,  two  very  different  assumptions  have  been  made  to  account 
for  the  infertility  of  soils  derived  from  serpentine  rock.  (1)  Loew's 
theory  stated  that  the  infertility  was  due  to  an  excess  of  magnesia 
over  lime;  (2)  Gordon  and  Lipman  held  the  main  causes  for  the 
infertility  of  such  soils  were  lack  of  plant-food  elements  and  an  alkaline 
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hydrogen-ion  concentration.  From  the  present  study  of  the  chemical 
composition  of  the  soils  and  soil  extracts,  the  writers  believe  that  the 
presence  of  comparatively  large  quantities  of  chromium  and  nickel, 
and  perhaps  cobalt,  are  the  dominant  causes  of  infertility  in  serpentine 
soils  in  which  the  physical  conditions  are  favorable  for  plant  growth. 
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INTRODUCTION 

Everbearing  strawberries  have  been  grown  for  market  in  the  United 
States  for  less  than  25  years.  Though  at  present  they  constitute 
only  a  small  part  of  the  strawberry  industry,  they  are  important  in 
home  gardens  in  the  Northern  States.  Since  the  introduction  of  the 
Progressive,  Mastodon,  and  Rockhill  varieties  they  have  attracted 
considerable  commercial  interest. 

Everbearing  strawberries  are  of  only  limited  commercial  value,  for 
which  there  are  several  reasons.  As  a  general  rule  they  fail  to  pro- 
duce a  sufficient  number  of  new  runner  plants  either  to  provide  a 
uniform  production  of  fruit  during  the  late  summer  or  to  insure 
adequate  propagation.  Great  difficulty  has  been  experienced  in 
keeping  plants  both  vigorous  and  productive  at  the  same  time, 
especially  during  seasons  of  unfavorable  weather  conditions.  Droughts 
of  sufficient  duration  to  check  growth  and  production  of  everbearing 
strawberries  occur  during  most  seasons  in  most  sections.  The  investi- 
gations reported  here  were  undertaken  to  gain  information  on  the 
growth  characteristics  of  everbearing  strawberries  that  might  help  in 
overcoming  the  difficulties  encountered  in  their  production. 

HISTORY 

Dammer  (l)1  reported  on  an  experiment  made  by  Duerkoptf  which 
showed  that  frequent  removal  of  runners  increased  fruit  production. 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  14. 
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Similar  results  were  obtained  by  Darrow  (2),  who  also  found  that 
frequent  removal  of  runners  caused  more  to  be  formed.  Mann  and 
Ball  (5)  found  that  deblossomed  plants  were  more  vigorous  during 
midsummer  and  fall  than  plants  allowed  to  fruit,  but  that  all  plants 
appeared  identical  by  the  following  April.  Mann  (4)  has  shown  that 
deblossomed  plants  continue  to  grow  vigorously,  retain  their  lateral 
roots,  and  develop  new  leaves  and  runners  at  an  earlier  date  than 
plants  bearing  fruit.  He  also  states  that  removing  flowers  at  an  early 
stage  has  the  same  effect  as  nitrogen  in  stimulating  vegetative  growth 
in  spring  in  order  to  maintain  greater  vigor  in  the  plants  during  the 
period  of  flowering  and  fruit  setting. 

Vilmorin  (7)  and  Darrow  (2)  have  reported  on  the  formation  of 
fruit  buds  and  flowering  stems  in  the  axils  of  the  leaves  of  everbearing 
strawberries  instead  of  runners.  The  writer  (8)  found  that  under 
Maryland  conditions  fruit  buds  of  everbearing  strawberries  were 
differentiated  throughout  the  growing  season  except  possibly  in  April 
and  early  May.  He  also  reported  that  following  the  ripening  of  the 
spring  crop  practically  no  more  fruit  ripened  until  early  July,  and  that 
during  this  fruitless  period  runners  were  produced  from  the  axils  of 
the  leaves. 

The  removal  of  the  spring  flowers  of  everbearing  varieties  is  a 
generally  recommended  practice.  Millet  (6)  has  recommended  the 
removal  of  blossoms  for  the  "fraisiers  des  quatre-saisons"  (Fragaria 
vesca  var.  semperflorens) ,  the  everbearing  variation  of  the  European 
wood  strawberry,  from  April  25  to  May  15,  in  order  to  get  continuous 
fruiting  from  the  last  of  June  until  the  autumn  frosts.  Vilmorin  (7) 
recommended  that  the  perpetual  (everbearing)  varieties  be  prevented 
from  flowering  and  bearing  fruit  in  May  and  from  forming  any 
runner  plants  at  all,  and  that  they  be  manured,  mulched,  and  watered 
freely  from  July  to  the  end  of  September.  Fletcher  (3)  has  recom- 
mended removal  of  blossoms  until  July  1,  in  the  North. 

METHODS  AND  MATERIALS 

These  investigations  were  carried  on  each  summer  from  1926  to 
1931.  The  major  portion  of  the  work  was  done  at  the  United  States 
Plant  Introduction  Garden  near  Glenn  Dale,  Md.,  where  irrigation 
was  not  available.  Some  work  was  done  at  the  Arlington  Experiment 
Farm,  near  Rosslyn,  Va.,  where  water  for  irrigation  was  available  for 
two  seasons.  The  Progressive  variety  was  used  in  all  the  experiments, 
and  the  Mastodon  in  most  of  them.  Several  other  named  varieties 
as  well  as  everbearing  selections  originated  by  the  United  States 
Department  of  Agriculture  were  also  used. 

The  experiments  were  planned  chiefly  to  show  the  effect  of  partial 
and  continuous  flower  removal  and  partial  and  continuous  fruit 
production  upon  runner  and  runner-plant  production.  The  effect 
of  partial  and  continuous  runner  removal  was  also  studied.  Records 
were  made  each  season  of  the  number  of  flowers  and  runners  removed, 
berries  produced,  runners  and  runner  plants  produced,  and  the  weight 
and  number  of  berries  per  plot.  Because  the  1930  plots  were  planted 
to  varying  numbers  of  plants,  the  yield  record  for  that  year  was  cal- 
culated as  yield  per  mother  plant. 
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EXPERIMENTS  AFFECTING  RUNNER  PRODUCTION 

Since  production  of  too  few  runner  plants  is  the  chief  difficulty  in 
the  commercial  growing  of  everbearing  strawberries,  studies  were 
begun  in  1926  to  determine  the  effect  of  picking  off  flowers  for  different 
periods  on  runner  production.  The  plants  used  were  runner  plants 
of  1925.  The  runners  produced  in  1926  were  not  removed,  and  none 
were  produced  after  July  3.  The  result  of  removing  the  flowers 
was  to  increase  the  number  of  runners  by  500  percent,  as  shown  in 
table  1,  and  demonstrates  clearly  that  runner  production  is  very 
greatly  stimulated  by  flower  removal. 

Table  1. — Runner  production  of  the  Progressive  variety  of  strawberry  during  the 
summer  of  1926  under  two  treatments 

[25  plants  in  each  treatment] 


Treatment 

Runners  produced  to — 

Increase 

May  26 

June  15 

July  3 

No  flowers  removed -    

Number 

Number 
9 
62 

Number 
12 
72 

Percent 

27 

500 

Table  2  presents  the  results  of  a  more  extended  study  of  runner 
production  from  the  same  plants  for  2  years  during  the  summers  of 
1927  and  1928  at  Glenn  Dale,  also  without  irrigation.  Plants  of  the 
Progressive  variety  were  set  in  a  special  planting  early  in  April  1927. 
Each  treatment  consisting  of  10  plants  was  replicated  five  times,  so 
that  the  data  represent  the  runners  produced  by  50  plants.  Under 
treatments  A  to  E  the  runners  were  left  attached  to  the  mother  plant 
and  allowed  to  root.  All  runner  plants  produced  in  1927  were  taken 
out  of  the  plots  in  the  spring  of  1928. 

Table  2. — Runner  production  of  the  Progressive  variety  of  strawberry  during  the 
summers  of  1927  and  1928,  under  treatments  indicated 

[50  plants  per  plot] 


Treatment 


Runners  produced 

1927 

1928 

Total 

Number 

Number 

Number 

60 

122 

182 

64 

47 

111 

68 

89 

157 

79 

157 

236 

60 

8 

68 

83 

82 

165 

95 

152 

247 

Increase 
over 
check 


A,  continual  flower  removal 

B,  flower  removal  to  July  1 

C,  flower  removal  to  Aug.  1 

D,  flower  removal  to  Sept.  1 

E,  check,  no  flower  or  runner  removal 

F,  flowers  and  runners  removed  to  Aug.  1 - 

G,  runners  removed  to  Aug.  1,  flowers  removed  to  Sept.  1 


Percent 


131 

247 


143 

263 


All  treatments  resulted  in  increased  runner  formation.  However, 
treatments  where  flowers  were  either  removed  throughout  the  summer, 
or  where  they  were  removed  up  to  September  1,  resulted  in  the  produc- 
tion of  the  most  runners.  The  graphs  in  figure  1  show  that  runner 
production  was  highest  during  the  month  of  June,  just  as  in  1926, 
but  covered  a  somewhat  longer  period  the  first  year  (1927)  than 
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in  the  second  year  (1928).  The  check  plants  with  no  flower  removal 
formed  as  few  runners  as  any  plot  the  first  year,  whereas  during  the 
second  year  the  plants  were  so  weak  that  the  50  plants  produced  only 
8  runners.     During  both  years  a  large  part  of  the  mother  plants  (47 

percent)  in  all  plots 
produced  no  runners. 
Where  both  runners 
and  flowers  were  pick- 
ed off  in  treatments  F 
and  G  there  was  a 
slight  increase  in  total 
number  of  runners 
produced  in  1927,  but 
as  shown  by  treatment 
D  in  1928,  flower  re- 
moval alone  to  Sep- 
tember 1  was  as  effec- 
tive as  flower  removal 
plus  runner  removal 
in  treatment  G. 

Runner  production 
per  plant  was  greater 
in  1928  than  in  1927. 
However,  fewer  moth- 
er plants  produced 
runners  in  1928  than 
in  1927,  as  shown  in 
table  3,  except  in  treat- 
ment A,  with  contin- 
ual flower  removal, 
29  3t,  and  treatment  D,  with 
flower  removal  up  to 
As  in- 
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-Cumulative  runner  production  per  plot  of  50  plants  of  the   Sep  tember  1 . 


Figure  1. 

Progressive  variety  in  1927  and  1928  under  the  following  treatments:  A\n<A\cn\  lw  tlioTD^Tflc 

A,  Continual  flower  removal;  B,  flower  removal  to  July  1;  E,  check,  ^i^u  ueu  uy  txie  I  vwi  Ub 

no  flower  or  runner  removal;  O,  runners  removed  to  August  1,  flowers  for  plots  A,    CDF 
removed  to  September  1.  j     /-^       i_    j.i    '  #3    '       ' 

and  G,  both  flower 
and  runner  removal  in  1927  increased  runner  production  in  1928  in 
mother  plants  already  producing  runners. 

Table  3. — Number  of  plants  of  the  Progressive  variety  of  strawberry  producing  0, 
1,  2  to  3,  and  4  or  more  runners  each  during  the  summers  of  1927  and  1928  under 
treatments  indicated 


Plants  that  in  1927  produced— 

Plants  that  in  1928  produced— 

Treatment 

No 
runners 

1 

runner 

2  to  3 
runners 

4  or 

more 

runners 

No 
runners 

1 
runner 

2  to  3 
runners 

4  or 

more 

runners 

A,  continual  flower  removal 

Number 
23 
21 
21 
18 
25 

18 

18 

Number 
11 
15 

7 
10 

8 

10 
11 

Number 
12 
10 
17 
16 
14 

13 

11 

Number 
4 
4 
5 
6 
3 

9 

10 

Number 
18 
31 
26 
13 
45 

31 

21 

Number 
7 
7 
7 
7 
2 

4 

4 

Number 
11 
8 
7 
16 
3 

6 

9 

Number 
14 

4 

C,  flower  removal  to  Aug.  1 

10 

D,  flower  removal  to  Sept.  1 

14 

E,  check,  no  flower  removal 

0 

F,  flowers  and  runners  removed  to 
Aug.  1 

9 

G,  runners  removed  to  Aug.  1,  flowers 
removed  to  Sept.  1 

16 
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During  the  summer  of  1928  another  plot  of  Progressive  strawberry 
plants  was  tested  under  irrigation  at  the  Arlington  Experiment  Farm. 
In  this  test  10  treatments  with  10  plants  in  each  were  tried  as  shown 
in  table  4.  Since  in  1927  runner  removal  in  addition  to  flower  removal 
slightly  increased  runner  production,  it  was  considered  possible  that 
cutting  runners  from  the  mother  plant  after  the  first  plant  of  the 
runner  series  had  rooted  would  also  increase  runner  production  and 
that  more  new  runner  plants  might  be  obtained  from  the  mother 
plants  by  the  end  of  the  season.  As  shown  in  table  4,  more  runners 
were  produced  by  the  mother  plants  where  the  runner  was  cut  after 
the  first  runner  plant  had  taken  root,  but  only  half  as  many  new 
runner  plants  were  finally  obtained.  Apparently,  new  runner  plants, 
even  after  taking  root,  still  draw  upon  the  mother  plant  for  nourish- 
ment, and  when  the  connecting  runner  was  cut  the  growth  of  the 
runner  plants  was  checked.  The  mother  plant,  however,  when 
not  helping  to  support  growth  in  the  runner  plants,  is  able  to  produce 
more  runners,  especially  when  not  developing  fruit,  as  shown  by 
treatment  F. 

Table  4. — Runner  and  runner-plant  production  of  the  Progressive  variety  of  straw- 
berry under  irrigation  in  1928 

[10  plants  per  plot] 


Treatment 


Runners 

produced 

by  mother 

plants 


Runners 

producing 

plants 


Total  plants 
rooted 


A-l,  continual  flower  removal 

A-2,  continual  flower  removal,  runners  cut 

B-l,  flower  removal  to  July  15 

B-2,  flower  removal  to  July  15,  runners  cut 

C-l,  check  (no  flower  removal) 

C-2,  check  (no  flower  removal),  runners  cut... 

D-l,  flower  removal  to  Aug.  15 

D-2.  flower  removal  to  Aug.  15,  runners  cut.  -  . 

E,  flower  removal  to  July  15,  runners  removed. 

F,  flower  removal  to  Aug.  15,  runners  removed 


Number 
31 
35 
20 
21 
19 
33 
23 
43 
22 
74 


Number 
29 
28 
20 
18 
18 
24 
24 
38 


Number 
267 
105 
274 
101 
270 
143 
282 
110 


Under  irrigation,  continuous  fruit  production  did  not  decrease 
runner  production,  as  shown  by  treatment  C.  Although  the  number 
of  runners  produced  was  slightly  lower  where  the  runners  were  not 
cut  from  the  mother  plant  (C-l),  there  were  still  approximately  as 
many  runner  plants  produced  as  in  the  other  treatments. 

Figure  2  shows  graphically  the  period  of  runner  production  under 
eight  of  the  treatments  given.  These  graphs  indicate  that  by  cutting 
or  removing  runners  even  on  plants  producing  fruit,  runner  production 
was  extended  into  September,  while  the  normal  period  of  runner 
production  is  late  June  and  early  July. 

In  order  to  find  out  whether  there  were  differences  among  varieties 
in  their  runner  production  habits,  studies  were  made  in  1929  on  the 
period  when  runner-plant  formation  of  six  varieties  of  everbearing 
strawberries  actually  took  place.  Results  of  this  study  are  given  in 
table  5.  U.  S.  D.  A.  836  produced  a  great  number  of  runner  plants 
from  June  until  October,  forming  nearly  as  many  as  most  spring- 
bearing  varieties.  Because  it  produced  low  yields  of  berries  in  late 
summer,  it  is  not  considered  a  desirable  everbearing  strawberry  under 
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these  conditions.     Superb  produced  most  of  its  runner  plants  in 
September  and  October,  starting  later  than  other  sorts. 

Table  5. — Runner  plants  talcing  root  each  month,  produced  by  10  mother  plants  in 
each  of  6  everbearing  varieties  of  strawberries  in  1929 


Variety 

June 

July 

August 

Septem- 
ber 

October 

Total 

Superb 

Number 

Number 

Number 
10 
36 
6 
28 
9 
1 

Number 
51 
52 
28 
24 
16 
7 

Number 

37 

89 

39 

6 

6 

1 

Number 
98 

U.  S.  D.  A.  836 

14 

58 
18 
11 
3 
2 

249 

Mastodon 

91 

2 

71 

34 

U.  S.  D.  A.  427 

1 

12 

Figure  3  shows  diagrammatically  the  runner-plant  production  of  a 
single  plant  of  the  Progressive  variety  under  irrigation.    This  plant 


\mvA 


B 

...< 

H 

— - 

^ 

\-?—2—i 

>""" 

/ 

/ 

540 

_) 

K 

C 

•A 

_.„- 

^ 

►"""^ 

£>-/ 

U20 
|  ,0 

r«H 

/> 

/I 

cl  80 
«0 

J) 

^ 

z 

C  60 

^ 

/ 

f 

- 

£0 

-^* 

^ 

f> 

10 

r*^    

JUL* 

JUNE 


7    13      24    *2 


-^Jv 


*3- 


AUCU5T 


SEPTEMBER 


Figure  2.— Cumulative  runner  production  per 
10  plants  of  Progressive  everbearing  straw- 
berries under  irrigation  showing  the  effect  of 
cutting  runners  after  the  first  runner  plant 
had  taken  root,  and  of  runner  removal:  A, 
Treatments  B-l  and  B-2  (table  4) ;  B,  treat- 
ments C-l  and  C-2;  C,  treatments  D-l  and 
D-2;  D,  treatments  E  and  F. 


Figure  3.— Diagram  showing  origin  of  runners  and  of  84  run- 
ner plants  from  an  unusually  prolific  single  mother  plant 
(a)  of  the  Progressive  variety  in  1929  under  irrigation. 


produced  only  four  runners,  but  the  entire  clon  formed  84  new  plants. 
The  diagram  shows  several  runners  originating  from  the  runner  nodes. 
The  general  trend  was  toward  the  production  of  runner  plants  in  a 
runner  series. 
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Since  previous  studies  had  shown  that  runner  production  could  be 
increased  by  flower  removal,  further  tests  were  conducted  in  1931 
without  irrigation  near  Glenn  Dale,  on  plants  set  in  the  spring  of  1931. 
All  flowers  were  removed  on  plants  of  a  number  of  varieties  and 
U.  S.  D.  A.  selections  (table  6).  Plants  were  grown  under  both  the 
matted-row  and  hill  systems  with  flower  removal  until  July  15,  and 
in  the  matted  row  with  flower  removal  until  September  1.  Each  plot 
was  25  feet  long;  the  number  of  plants  set  for  each  treatment  is  given 
in  table  6. 

There  was  some  evidence  of  a  greater  effect  of  flower  removal  to 
September  1  than  to  July  15  on  the  production  of  runner  plants. 
Four  varieties  produced  more  runner  plants  per  mother  plant  where 
flowers  were  removed  up  to  July  15,  and  seven  varieties  produced 
more  runner  plants  where  flowers  were  removed  to  September  1. 
The  varieties  gave  quite  variable  responses  to  the  different  treat- 
ments, but  total  yields  of  fruit  per  plot  were  generally  highest  under 
the  hill  system  and  lowest  in  the  matted  row  when  flower  removal 
was  continued  until  September  1. 

Table  6. — Total  and  average  runner-plant  production  and  fruit  yield  for  11  ever- 
bearing varieties  of  strawberries  under  three  treatments  in  1931 

PRODUCTION  OF  RUNNER  PLANTS 


'  Total  per  25-foot  plot 

Average  per  mother  plant 

Variety 

Flower 
removal 
to  Sept.  1, 
matted 
row,  15 
mother 
plants 

Flower 
removal 
to  July  15, 
matted 
row,  20 
mother 
plants 

Flower 
removal 
to  July  15, 
hill  sys- 
tem, 25 
mother 
plants 

Flower 
removal 
to  Sept.  1, 
matted 
row,  15 
mother 
plants 

Flower 
removal 
to  July  15, 
matted 
row,  20 
mother 
plants 

Flower 
removal 
to  July  15, 
hill  sys- 
tem, 25 
mother 
plants 

Number 
135 
191 
462 
145 

41 
235 

28 
388 
199 
247 
214 

Number 
213 
605 
322 
203 
137 
228 
18 
435 
154 
146 
101 

Number 

Number 
9.0 
12.7 
30.8 
9.7 
2.7 
15.7 
1.9 
25.9 
13.3 
16.5 
14.3 

Number 

10.6 

30.2 

16.1 

10.1 

6.8 

12.4 

.9 

21.7 

7.7 

7.3 

5.0 

Number 

U.  S.  D.  A.  1200  . 

U.  S.  D.A.  1207 

U.  S.  D.  A.  1213-                        

U.S.D.A.426    .                   

U.S.  D.A.  1219 

U.  S.  D.  A.  1223 

U.  S.  D.  A.  1227 

U.  S.  D.  A.  1232 

FRUIT  YIELD 


Mastodon 

Progressive 

Berri  Supreme.. 
U.  S.  D.  A.  1200. 
U.  S.  D.  A.  1207. 
U.  S.  D.  A.  1213 
U.  S.  D.  A.  426.. 
U.  S.  D.  A.  1219 
U.  S.  D.  A.  1223. 
U.  S.  D.  A.  1227 
U.  S.  D.  A.  1232 


Orams 

Grams 

Grams 

Grams 

Grams 

1,630 

2,601 

2,466 

108.7 

130.0 

869 

2,517 

3,903 

58.0 

125.8 

913 

1,324 

2,520 

60.9 

66.2 

1,570 

3,255 

3,919 

104.7 

162.7 

981 

3,318 

2,185 

65.4 

165.9 

848 

914 

1,916 

56.5 

45.7 

783 

1,403 

2,328 

52.2 

70.1 

2,753 

2,547 

3,108 

183.5 

127.3 

1,468 

1,406 

2,246 

97.9 

70.3 

1,450 

2,895 

4,064 

96.6 

144.7 

464 

1,057 

1,296 

30.9 

52.8 

Grams 

98. 
156. 
100. 
156. 

87. 

76. 

93. 
124. 

89. 
162. 

51. 
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EXPERIMENTS    AFFECTING    FLOWER    AND    FRUIT    PRODUCTION 

Experiments  on  the  effect  of  runner  production,  made  in  1926, 
showed  that  when  flowers  are  removed  continuously  throughout  the 
summer  many  more  flowers  are  produced  than  when  they  are  allowed 
to  mature  fruit.     For  that  year  the  plants  from  which  all  flowers 

were  removed  up  to 
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August  24  produced 
49  flowers  each ;  those 
from  which  all  runners 
were  removed  up  to 
August  24,  and  all  the 
flowers  after  the  early 
summer  crop,  pro- 
duced 44  flowers  each ; 
and  those  fruiting 
during  the  same  pe- 
riod produced  but  19 
flowers. 

The  same  response 
was  noted  in  the  stud- 
ies during  1927  and 
1928  (table  7).  Dur- 
ing these  2  years  over 
five  times  as  many 
flowers  were  pro- 
duced by  plot  A  (con- 
tinual flower  removal) 
as  fruits  by  plot  E 
(check).  Figure  4 
shows  that  in  1927 
where  flowers  were 
continually  removed 
(A)  and  where  they 
were  removed  up  to 
September  1  (D  and 
G),  there  was  in  gen- 
eral an  increase  in  the 
number  of  flowers  re- 
moved as  the  season 
advanced.  In  1928, 
however,  under  con- 

Figure  4— Effect  of  flower  removal  and  of  fruit  production  on  flower  tinual  flower  removal 

and  fruit  production  in  the  Progressive  everbearing  strawberry  in  (A)  there  Was  a  drOD- 

1927  and  1928  under  the  following  treatments:  A,  Continual  flower  v  .  '        <v  •       n  o 

removal;  B,  flower  removal  to  July  1;  C,  flower  removal  to  August  ping  Oil  in  IlOWer  IOr- 
1;  D,  flower  removal  to  September  1;  E,  check,  no  flower  or  runner  +ir\r\  in  1  a  t a  ^ontom 

removal;  F,  flower  and  runner  removal  to  August  1;  G,  runner  re-  iim  L1U11  U1  |a  LtJ  ot!F  wsm- 

moval  to  August  1  and  flower  removal  to  September  1.    (Cumula-  pgp    and    in    October. 

tive  data.)  -r,  i       ■, 

Kunner  removal  plus 
flower  removal  (G)  resulted  in  increased  flower  production  toward 
the  end  of  the  season  in  both  years  and  also  in  a  very  great  amount 
of  spring  bloom  in  1928.  All  treatments,  as  shown  in  figure  4,  indi- 
cate a  period  of  almost  no  flower  production  following  the  removal 
of  the  first  spring  blossoms.  Figure  4  also  shows  that  almost  no 
fruit  was  produced  from  June  15  until  after  July  1  in  the  check  plot  E. 


MAY 


JUNE 


JULY 


AUG.    SEPT.        OGTv 
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Table  7. — Flower  and  fruit  'production  of  the  Progressive  strawberry  under  different 
treatments  during  the  summers  of  1927  and  1928 

[50  plants  per  plot] 


Treatment 


Flowers  removed 


1927        1928       Total 


Flowers  produced 


1927         1928       Total 


Plot  A,  continual  flower  removal— - 

Plot  B,  flower  removal  to  July  1 

Plot  C,  flower  removal  to  Aug.  1 

Plot  D,  flower  removal  to  Sept.  1 

Plot  E,  check;  continual  fruit  production — .. 

Plot  F,  flowers  and  runners  removed  to  Aug.  1 .. 

Plot  G,  runners  removed  to  Aug.  1,  flowers  removed  to 
Sept.  1 


Number 
7,753 
146 
1,573 
3,416 
0 
1,536 

4,584 


Number 
11, 528 
2,232 
5,493 
7,851 
0 
6,644 

12,646 


Number 
19,281 
2,378 
7,066 
11,267 
0 
8,180 

17,230 


Number 
0 
2,360 
2,273 
536 
2,310 
3,010 

1,053 


Number 

0 

1,168 

752 

151 

1,278 

•726 

211 


Number 
0 
3,528 
3,025 
687 
3,588 
3,736 

1,264 


Table  7  gives  the  total  number  of  flowers  removed  and  fruit  pro- 
duced for  all  treatments  for  1927  and  1928.  The  plots  where  flowers 
were  removed  to  July  1  (B)  and  to  August  1  (C)  produced  almost  as 
many  fruits  as  plot  E,  where  the  plants  were  allowed  to  fruit  con- 
tinually. The  flower-removal  plots  also  produced  much  larger 
berries.  Where  flower  removal  was  continued  to  September  1,  the 
number  of  berries  matured  was  greatly  reduced.  Removal  of  both 
runners  and  flowers  to  August  X  resulted  in  the  largest  number  of 
berries  the  first  year,  but  not  as  many  the  second  year  as  plot  E  with 
continual-fruiting  treatment. 

In  the  test  under  irrigation  at  the  Arlington  Experiment  Farm  in 
1928,  as  shown  in  table  8,  where  the  runners  were  cut  there  was  little 
difference  in  the  number  of  berries  produced  between  the  continual- 
fruiting  plot  (C-2)  and  the  plot  where  flowers  were  removed  to 
July  15  (B-2).  However,  where  the  runners  were  left  uncut  the 
check  plot  (C-l)  produced  more  berries  than  the  plot  where  flowers 
were  removed  to  July  15  (B-l),  but  not  so  many  as  the  plot  where 
both  flowers  and  runners  were  removed  to  July  15  (E).  The  cutting 
of  runners  apparently  increased  flower  production  under  continual 
flower  removal  (A-l  and  A-2)  and  also  the  production  of  fruit  where 
flowers  were  removed  to  July  15  (B-l  and  B-2). 


Table  8. — Flower  and  fruit  production  of  10  plants  of 

under  irrigation  in  1928 

[Plants  set  in  spring  of  1928] 


Progressive  strawberries 


Treatment 


Flowers 
removed 


Berries 
produced 


A-l,  continual  flower  removal 

A-2,  continual  flower  removal,  runners  cut 

B-l,  flower  removal  to  July  15 

B-2,  flower  removal  to  July  15,  runners  cut 

C-l,  check  (no  flower  removal) 

C-2,  check  (no  flower  removal),  runners  cut — 

D-l,  flower  removal  to  Aug.  15... 

D-2,  flower  removal  to  Aug.  15,  runners  cut 

E,  flower  removal  to  July  15,  runners  removed. 

F,  flower  removal  to  Aug.  15,  runners  removed. 


Number 


229 
357 
346 
337 
187 
239 
538 
188 
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Since  runner  removal  increased  flower  and  fruit  production,  a 
comparison  of  yields  of  11  varieties  was  made  in  1931  between  the 
hill  system  with  all  runners  removed  and  the  matted-row  system 
where  the  runner  plants  were  allowed  to  take  root  and  fruit.  The 
results  of  a  portion  of  the  test  are  given  in  table  9  and  figure  5.  Two 
treatments  were  given  those  in  the  matted  row,  namely,  flower  re- 
moval to  July  15,  the  same  as  in  the  hill  system,  and  flower  removal 
to  September  1.  In  general,  the  average  size  of  berry  for  the  season 
was  smallest  and  yield  the  greatest  under  the  hill  system.  The  lowest 
yields  were  obtained  generally  from  the  matted  rows  with  flower 
removal  to  September  1,  but  this  treatment  produced  the  largest 
berries.  The  yield  and  size  of  berry  were  generally  intermediate 
under  the  matted-row  system  with  flower  removal  to  July  15. 

Table  9. — Total  yield  per  25-foot  row  and  average  weight  per  berry  of  everbearing 
strawberries  under  8  different  treatments  in  1931 

[Plants  set  in  spring  of  1931] 


Variety  and  treatment 


Total 
weight 

Total 
berries 

Grams 
865 
3,895 
2,515 

Number 
363 
1,791 
1,037 

1,630 
2,455 
2,590 

335 

688 
661 

913 

2,520 
1,324 

148 
572 
271 

783 
2,328 
1,403 

213 
707 
424 

2,655 
3,110 
2,535 

563 

882 
691 

Average 

weight  per 

berry 


Progressive: 
Matted  row, 
Hill  system, 
Matted  row, 

Mastodon: 

Matted  row, 
Hill  system, 
Matted  row, 

Berri  Supreme: 
Matted  row, 
Hill  system, 
Matted  row, 

U.  S.  D.  A.  426: 
Matted  row, 
Hill  system, 
Matted  row, 

U.  S.  D.  A.  1219: 
Matted  row, 
Hill  system, 
Matted  row, 


flowers  removed  to  Sept.  1. 
flowers  removed  to  July  15- 
flowers  removed  to  July  15 

flowers  removed  to  Sept.  1. 
flowers  removed  to  July  15. 
flowers  removed  to  July  15 

flowers  removed  to  Sept.  1. 
flowers  removed  to  July  15 
flowers  removed  to  July  15 

flowers  removed  to  Sept.  1. 
flowers  removed  to  July  15. 
flowers  removed  to  July  15 

flowers  removed  to  Sept.  1. 
flowers  removed  to  July  15_ 
flowers  removed  to  July  15 


Grams 
2.39 
2.18 
2,43 

4.86 
3.58 
3.93 

6.17 
4.40 
4.88 

3.67 
3.29 
3.31 

4.72 
3.52 
3.68 


The  cumulative  yield  graphs  for  the  four  varieties  shown  in  figure  5 
indicate  that  the  treatment  affects  the  yield  in  different  parts  of  the 
season.  Plants  of  Progressive  and  U.  S.  D.  A.  1219  gave  high  yields 
under  the  hill  system  in  August,  dropped  to  a  period  of  lower  yield 
in  early  September,  then  rose  to  another  peak  at  the  end  of  Septem- 
ber and  early  October,  and  dropped  off  in  late  October  and  Novem- 
ber. Mastodon,  in  the  hill  system,  dropped  off  after  the  first  peak 
production  in  August  and  had  no  period  of  high  production  during 
September  and  October.  Such  varieties  do  not  appear  to  be  adapted 
to  the  lull  system,  since  after  the  first  peak  production  the  plants 
became  very  weak.  However,  U.  S.  D.  A.  1227  seems  to  be  par- 
ticularly adapted  to  hill  culture.  Its  production  was  low  in  August 
but  reached  a  very  high  peak  in  September  and  continued  high  into 
October. 

Where  the  flowers  were  removed  to  September  1  in  the  matted- 
row  plantings  all  varieties  showed  a  peak  production  in  late  Septem- 
ber and  October.  U.  S.  D.  A.  1219  showed  the  highest  production. 
Mastodon  also  had  high  peak  production  at  that  time.     In  general, 
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the  usual  matted-row  system  of  culture  with  flower  removal  to  July 
15  in  contrast  shows  two  periods  of  peak  production,  the  first  in 
August  and  the  second  in  late  September  and  October.  _  Most  varie- 
ties produced  about  equal  amounts  during  each  peak  period,  although 
the  second  peak  generally  extended  over  a  longer  period. 

Figure  6  gives  the  yield  and  berry  size  for  four  varieties  of  ever- 
bearing strawberries  in  1930  during  a  season  of  severe  drought.  The 
strawberries  were  grown  without  irrigation  but  on  soil  of  good  mois- 
ture-holding capacity.  During  this  season  Progressive  and  U.  S.  D.  A. 
1227  grown  under  the  usual  matted-row  system  with  flower  removal 
to  July  15  gave  peak  periods  of  production  in  late  September.     Mas- 


AUCU5T    SEPTEMBER 


OCTOBER   NOVEMBER 


Figure  5.— Cumulative  yield  of  fruit  per  plot  from  four 
varieties  of  everbearing  strawberries  under  three  different 
treatments  in  1931  (flowers  removed  to  Sept.  1,  matted 
row;  flowers  removed  to  July  15,  matted  row;  flowers  re- 
moved to  July  15,  hills):  A,  Progressive;  B,  Mastodon;  C, 
U.  S.  D.  A.  1219;  D,  U.  S.  D.  A.  1227. 
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AUGUST    5EPTEMBER    OCTOBER 

Figure  6.— Cumulative  yield  per  mother 
plant  and  average  size  of  berry  of  four 
varieties  of  everbearing  strawberries  in 
1930,  a  season  of  extraordinary  drought, 
in  matted  row;  flower  removal  to  July 
15:  A,  Progressive;  B,  Mastodon;  C,  U. 
S.  D.  A.  1227;  D,  U.  S.  D.  A.  1217. 


todon  and  U.  S.  D.  A.  1217,  also  grown  in  the  same  system,  gave 
peak  periods  in  late  August.  U.  S.  D.  A.  1217  during  the  relatively 
wet  season  of  1931  gave  a  greater  production  in  its  second  period  of 
high  production  in  October  than  in  the  first  period  (fig.  7).  Figure 
7  shows  U.  S.  D.  A.  1202  also  with  two  periods  of  high  production  in 
1931. 

SIZE  AND  YIELD  OF  BERRIES 


Although  in  general  the  berries  were  large  during  the  periods  of 
high  production  in  all  these  experiments,  as  shown  by  figures  6  and  7, 
they  were  usually  largest  at  the  beginning  of  the  season.     This  is 
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because  the  primary  berries  which  ripen  first  are  the  largest  berries  on 
the  clusters.  Ordinarily  the  size  of  berry  began  to  decrease  just  prior 
to  the  drop  in  total  production.  Since  the  primary  berries  seldom  con- 
stitute the  greatest  number  of  berries  produced,  the  smaller  secondary 
and  tertiary  berries  make  up  the  major  portion  of  the  yield  which  is 
therefore  of  smaller  average  size. 
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DISCUSSION 

Everbearing  strawberries  are  simply  varieties  that  are  able  to  form 
fruit  buds  during  long  summer  days  at  high  temperatures  in  contrast 
with  the  other  sorts  that  form  fruit  buds  during  the  shorter  days  of  fall 
at  cooler  temperatures.  Ordinary  sorts  show  great  variations  in  their 
response  to  even  slight  differences  in  day  length  and  temperature,  and 
everbearing  varieties  may  also  be  expected  to  show  wide  variations  in 

their  responses  to  day  length 
and  temperature,  just  as  the 
records  given  here  have 
shown. 

Ordinary  sorts  form  run- 
ners during  the  long  days 
of  summer.  Most  runners 
are  produced  by  everbearing 
sorts  during  the  longest  days 
of  June  and  the  early  part  of 
July.  Apparently  the  period 
of  long  days  is  not  long 
enough  to  induce  the  forma- 
tion of  as  many  runners  as 
is  desirable  in  the  latitude 
of  Washington,  D.  C,  ex- 
cept as  growing  conditions 
are  very  favorable. 

The  experiments  to  in- 
crease runner  production 
show  that  plant  formation 
may  be  stimulated  greatly 
by  picking  off  the  flowers  as 
they  appear,  the  increase  ranging  from  63  percent  by  flower  removal  to 
July  1  to  131  percent  to  August  1,  247  percent  to  September  1,  and  up 
to  500  percent  by  continuous  flower  removal  under  eastern  Maryland 
conditions.  They  show  also  that  runner  production  was  stimulated 
through  July  and  August  when  the  runners  were  removed  as  they 
appeared.  However,  cutting  the  runners  after  the  first  plants  had 
rooted  reduced  the  total  runner-plant  production  by  one-half,  and  is 
evidence  that  runner  cutting  after  the  plants  have  rooted  is  not  com- 
parable in  effect  to  continual  runner  removal  and  cannot  be  used  under 
field  conditions  to  stimulate  runner-plant  production.  This  response  is 
also  evidence  of  the  dependence  of  the  runner  plants  upon  the  mother 
plant  for  some  time  after  the  runner  plants  take  root.  Under  condi- 
tions comparable  to  those  of  the  experiments,  if  both  flowers  and  run- 
ners are  removed  during  the  first  season  an  increased  number  of 
runner  plants  may  be  expected  in  the  second  year. 


AUGUST  SEPTEMBER         OCTOBER         NOVEMBER 

Figure  7.— Comparison  of  yield  per  plot  and  size  of  berry 
of  two  varieties  of  everbearing  strawberries  in  1931,  showing 
that  fruit  production  comes  in  cycles  of  high  and  low  yields. 
Grown  in  matted  row,  with  flower  removal  to  July  15:  A, 
U.  S.  D.  A.  1202;  B,  U.  S.  D.  A.  1217. 


EVERBEARING    STRAWBERRIES  13 

Under  irrigation  practically  as  many  runner  plants  were  produced  by 
plants  from  which  no  flowers  were  removed  as  by  those  having  flowers 
picked  off  to  July  15,  August  15,  or  even  throughout  the  season.  The 
maintenance  of  abundant  moisture  through  irrigation  is  an  effective 
method  of  increasing  runner-plant  production  in  everbearing  varieties, 
and  far  larger  numbers  of  plants  were  produced  in  this  way  than  under 
any  treatment  where  irrigation  was  not  used. 

Striking  evidence  of  the  devitalizing  effect  of  fruit  production  on 
nonirrigated  plants  was  obtained.  Fruit  production  during  the  early 
part  of  the  season  weakened  the  plants  so  that  they  produced  relative- 
ly little  later.  Plants  with  flowers  removed  till  July  1  and  August  1 
produced  as  many  berries  as  did  plants  allowed  to  fruit  throughout 
the  season,  and  plants  with  both  flowers  and  runners  picked  off  till 
August  1  actually  bore  more  fruit  the  first  year  than  those  allowed  to 
fruit  throughout  the  season.  Even  under  irrigation,  flower  and  runner 
removal  to  July  1 5  resulted  in  a  decidedly  greater  yield  during  the  rest 
of  the  season  than  no  flower  and  runner  removal.  Flower  removal 
must  be  practiced  with  the  varieties  now  grown  for  at  least  part  of  the 
year  in  order  to  insure  a  crop  of  fair-sized  berries  for  the  remainder 
of  the  year.  The  best  time  to  cease  flower  removal  depends  upon 
many  factors,  such  as  length  and  temperature  of  the  growing  season, 
amount  of  rainfall,  whether  irrigation  is  available,  soil  conditions,  and 
growth  habits  of  the  variety. 

In  order  to  produce  the  most  marketable  fruit  a  new  planting  should 
be  set  each  year,  the  field  irrigated  if  possible,  and  the  flowers  picked 
off  till  about  July  15.  Although  most  varieties  in  these  tests  pro- 
duced most  under  the  hill  system,  the  growth  habit  of  Mastodon  and 
some  other  varieties  of  everbearing  strawberries  is  not  adapted  to 
the  hill  system  of  culture.  The  production  of  a  large  number  of 
berries  on  the  plants  of  such  varieties  at  one  time  seems  to  weaken  the 
plants,  causing  the  later  berries  to  be  small.  In  such  varieties  the 
production  of  a  crop  of  fruit  by  runner  plants  following  the  production 
of  a  crop  of  fruit  by  the  mother  plant  seems  to  be  the  best  production 
habit.  Conditions  that  favor  early  production  of  runners  and  early 
rooting  of  runner  plants  are  best  for  a  late  summer  and  fall  crop. 

In  general,  in  regions  where  droughts  occur  most  frequently  in  the 
summer,  it  is  difficult  to  get  a  good  stand  of  runner  plants  early 
enough  to  get  a  paying  crop  of  berries  from  them.  In  such  regions  the 
hill  system  is  most  successful.  In  regions  where  the  average  summer 
moisture  conditions  are  favorable  or  where  irrigation  is  available, 
runner  plants  should  be  allowed  to  form  on  varieties  like  the  Mastodon. 
The  runner-  and  fruit-production  habits  of  new  everbearing  sorts  will 
need  to  be  considered  in  order  to  determine  the  best  method  of  growing 
them. 

The  data  presented  here  show  that  everbearing  varieties  have  many 
characteristic  differences  and  that  they  respond  to  different  treatments 
and  conditions  in  characteristic  ways.  At  present  there  are  too  few 
varieties  for  the  various  conditions  under  which  everbearing  straw- 
berries are  now  grown.  Both  runner-  and  fruit-production  studies 
showed  greater  differences  between  varieties  than  between  plots  of 
the  same  variety  given  different  treatments,  and  indicate  that  greater 
improvement  may  be  made  in  breeding  new  varieties  than  in  any 
treatment  given  except  possibly  irrigation.  It  is  still  doubtful 
whether  this  type  of  strawberry  will  be  of  general  importance  as  far 
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south  as  Maryland  or  of  importance  in  northern  districts  only. 
Where  temperatures  are  cooler  and  the  summer  days  are  shorter,  in 
certain  sections  such  as  in  the  central  coastal  district  of  California, 
normal  spring-bearing  varieties  such  as  the  Marshall  become  ever- 
bearing. 

SUMMARY 

Runner  production  of  everbearing  strawberry  varieties  was  stimu- 
lated by  flower  removal. 

Runners  on  such  varieties  were  normally  formed  under  Maryland 
conditions  from  late  May  to  early  July.  The  period  was  longer  in 
1-year-old  than  in  2-year-old  plants. 

Flower  and  runner  removal  stimulated  more  runners  and  extended 
the  period  of  runner  production  into  July  and  August. 

Cutting  of  runners  between  the  mother  plant  and  the  first  runner 
plant  after  the  latter  had  rooted  reduced  the  number  of  runner  plants 
produced  by  fully  one-half. 

Practically  no  flowers  were  produced  immediately  following  the 
removal  of  the  spring  flowers,  and  practically  no  fruit  matured  during 
the  latter  half  of  June  and  early  July. 

Flower  removal  stimulated  the  production  of  more  flowers. 

Continual  runner  removal  increased  flower  and  fruit  production. 

The  hill  system  of  culture  with  flowers  removed  to  July  15  generally 
gave  the  largest  yield  but  the  smallest  berries. 

Flower  removal  to  September  1  gave  the  lowest  total  yields  but  the 
largest  berries. 

Everbearing  strawberries  tend  to  produce  their  fruit  in  cycles  of 
high  and  low  yields,  different  varieties  having  characteristic  cycles. 

With  flower  removal  to  July  15  there  were  two  periods  of  peak  pro- 
duction; with  flower  removal  continued  to  September  1  there  was 
only  one. 

The  largest  berries  were  produced  at  the  beginning  of  the  season 
slightly  prior  to  the  period  of  highest  production. 

Different  varieties  showed  greater  differences  in  runner  and  fruit 
production  than  did  any  treatments,  except  possibly  irrigation,  of  a 
single  variety. 

Under  irrigation  practically  as  many  runners  were  produced  by 
plants  from  which  no  flowers  were  removed  as  by  those  from  which 
they  were  picked  off  to  July  15  or  August  15  or  even  throughout  the 
season. 
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FOREWORD 

This  bulletin  discusses  the  general  requirements  of  a  method  of 
land  classification  and  presents  an  example  of  the  method  developed 
and  used  in  western  North  Dakota.  It  must  be  emphasized  that  the 
method  herein  described  has  been  developed  for  that  particular  sec- 
tion and  cannot  be  used  directly  in  other  areas  where  local  physical 
and  economic  conditions  are  different.  The  general  logic  of  the 
method,  however,  may  have  a  wide  application,  provided  that  the 
details  are  modified  to  meet  the  particular  conditions  where  used. 

OBJECTIVES  AND  REQUIREMENTS 

A  definition  of  land  classification  which  would  encompass  all  the 
various  meanings  attached  to  it  may  be  impossible  of  conception. 
Nevertheless,  any  such  expression,  commonly  being  used  by  scientists, 
economists,  and  social  planners,  must  be  clearly  defined  if  it  is  to 
have  any  meaning  at  all. 


1  The  major  part  of  the  data  for  this  bulletin  was  assembled  while  the  senior  author 
was  professor  of  soils  in  the  North  Dakota  Agricultural  College. 
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The  general  problem  of  classification  is  to  place  the  objects  classi- 
fied into  suitable  categories,  the  better  to  study  and  remember  their 
characteristics  and  to  show  their  interrelationships.  In  the  case  of 
plants,  animals,  soils,  rocks,  and  similar  natural  bodies  this  general 
statement  defines  the  problem,  and  systems  have  been  devised  for 
their  classification.  Through  the  agency  of  these  systems  our  knowl- 
edge is  conveniently  cataloged  and  remembered.  In  addition  to  a 
"  natural  "  classification,  however,  there  are  frequently  needed  "  prac- 
tical "  classificational  systems,  largely  developed  to  meet  some  special 
problems.  For  example,  it  may  be  necessary  to  classify  soils  accord- 
ing to  their  lime  requirement,  fruits  according  to  their  edibility,  or 
cows  according  to  their  milk  production.  In  most  instances,  these 
practical  classificational  schemes  are  based,  in  a  large  part,  upon  the 
fundamental  natural  classification  to  which  they  are  simply  additions 
for  the  purpose  of  meeting  some  practical  requirement. 

It  is  apparent  from  the  above  that  there  are  two  general  aspects 
to  the  problem  of  land  classification:  (1)  The  natural  classification 
of  land  types  on  the  basis  of  the  inherent  qualities  of  the  land ;  and 
(2)  the  practical  classification  of  land  into  categories  defined  in  such 
a  way  as  to  achieve  the  particular  objective  for  which  it  is  needed. 
Not  until  these  objectives  are  examined  can  a  definition  be  made. 

A  difficulty  of  definition  lies  in  the  word  "  land  "  itself  which 
connotes  several  attributes.  This  fact  in  itself  does  not  necessarily 
create  any  special  difficulty.  But  in  the  case  of  land,  these  attributes 
are  the  subjects  of  study  in  different,  sometimes  jealously  guarded, 
branches  of  knowledge.  Specialists  are  sometimes  inclined  to  be 
jealous  of  intruders  undertaking  to  study  those  subjects  which  fall, 
as  they  suppose,  into  their  own  narrow  fields ;  and,  at  the  same  time, 
they  are  frequently  unable  to  evaluate  those  subjects  which  lie  out- 
side their  special  fields.  In  ordinary  usage  "  land  "  calls  to  mind 
certain  physical  qualities  of  surface  feature,  of  position,  of  soil,  of 
climate,  of  vegetation,  and  even  of  people  and  their  cultural  attri- 
butes. The  character  of  these  land  types  is  of  interest  to  geog- 
raphers, geologists,  botanists,  soil  scientists,  and  other  specialists. 
Also,  in  ordinary  usage,  the  term  "  land  "  connotes  certain  social 
and  economic  attributes.  The  geographical  location  is  not  only 
important  in  its  relationship  to  climatic  influences  but  in  relation  to 
markets  as  well.  The  accessibility  to  markets  has  a  profound  in- 
fluence upon  the  management  of  land  and  upon  the  sort  of  utiliza- 
tion attempted. 

Numerous  suggestions  regarding  land  classification  have  come, 
and  are  coming,  from  many  people  interested  in  the  various  physical 
and  social  aspects  of  land.  Geographers,  soil  scientists,  botanists, 
agronomists,  economists — the  list  could  be  lengthened  considerably — 
are  all  in  the  field.  Most  of  these  suggestions  have  been  made  from 
the  limited  point  of  view  of  the  specialist,  many  of  them  with  no 
definite  objective  for  the  classification  in  mind.  To  arrive  at  an 
effective,  practical,  and  accurate  method,  the  use  or  objective  of  the 
classification  must  be  clearly  borne  in  mind.  The  degree  of  detail 
to  be  indicated,  the  number  of  categories  and  their  definition,  and 
similar  practical  questions  of  the  job  can  only  be  decided  after  the 
demands  to  be  made  of  the  classification  have  been  set  forth. 
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THE  OBJECTIVES 

The  objectives  in  practical  land  classification  have  been  variously 
stated,  depending  on  the  special  problems  of  the  moment  and  partic- 
ularly upon  the  experience  of  the  one  advancing  the  proposals.  As 
far  as  rural  lands  are  concerned,  there  are  two  general,  but  not 
mutually  exclusive,  problems  which  can  probably  best  be  satisfac- 
torily solved  with  a  land  classification:  (1)  The  equalization  of 
taxation  on  land  according  to  the  productive  capacity  of  the  land, 
and  (2)  the  planning  of  land  use.  The  second  objective  may  simply 
imply  the  accumulation  of  data  for  general  recommendations,  or  for 
the  use  of  people  on  the  land,  or  it  may  imply  the  accumulation  of 
data  and  its  detailed  geographic  expression  for  some  method  of  rural 
zoning  or  other  public  policies  with  respect  to  land  use. 

The  importance  of  these  two  problems  can  scarcely  be  overem- 
phasized. Much  of  the  distress  in  rural  communities  is  due  to  wrong 
land  use.  A  large  percentage  of  the  tax-delinquent  land,  now  pre- 
senting a  serious  problem  to  those  governments  charged  Avith  its 
administration,  would  still  be  on  the  tax  rolls  and  in  the  hands  of 
private  individuals,  had  the  taxes  levied  on  it  been  based  upon  its 
productive  capacity  in  the  use  group  to  which  it  is  fitted. 

During  the  course  of  American  history,  social  good  has  frequently 
been  recognized  in  those  situations  and  institutions  which  allowed 
opportunity  for  individual  ruination  as  well  as  for  individual  de- 
velopment. But  naturally  when  these  cases  of  individual  ruination 
grew  into  community  and  national  ruination,  the  privilege  became 
a  social  hazard  difficult  to  ignore.  People  engaged  in  enterprises 
which  give  inadequate  return  for  the  labor  expended  become  social 
charges.  Attention  is  being  turned  to  the  problem  of  preventing 
disastrous  failures,  from  which  not  only  the  individual,  but  society 
as  a  whole,  suffers,  and  at  the  same  time  utilizing  the  land  to  the 
limit  of  its  productive  capacity,  consistent  with  economy  and  con- 
servation. The  problem  of  land  use  is  not  simply  a  question  of 
negation,  but  more  especially  a  positive  question:  "What  use  for 
each  piece  of  land  ?  " 

The  question  of  utilization  for  any  particular  area  of  land  then 
requires  a  positive  answer :  This,  that,  or  the  other  piece  of  land  may 
be  best  used  for — (1)  cropping,  (2)  grazing,  (3)  forestry,  (4)  min- 
ing, (5)  recreational  activities,  (6)  urban  development,  or  mixed  use 
groups  such  as  forestry  and  crop,  grazing  and  crop,  or  forestry  and 
recreation.  At  first  one  may  ask,  what  has  the  question  of  land 
utilization  to  do  with  land  classification?  It  has  this:  A  practical 
classification  of  the  land  in  use  is  determined  in  part  by  the  char- 
acteristics of  the  land  and  in  part  by  the  possible  utilization.  To 
illustrate  :  Two  areas  of  land  having  the  same  physical  characteristics 
may  be  so  situated  that  one  is  surrounded  by  large  areas  of  good  crop 
land,  whereas  the  other  lies  in  a  general  area  best  adapted  to  forestry. 
Because  of  its  economic  and  social  isolation  from  an  agricultural 
community,  the  second  piece  of  land,  although  naturally  adapted,  let 
us  say,  to  the  production  of  field  crops,  must  be  placed  in  the  forestry- 
use  group.  Its  productive  capacity  for  forest  growth  then  determines 
its  classification  with  that  use  group.  The  other  area, -however,  may 
take  its  rating  within  the  cropping-use  group  on  the  basis  of  its 
productive  capacity  for  crops.    In  order  to  give  land  a  definite  rat- 
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ing  in  any  practical  scheme  of  classification,  it  must  first  be  placed 
within  its  proper  use  group,  and  then  finally  the  social  land  units — 
sections,  forties,  townships,  farms,  ranches,  parks,  or  their  equiva- 
lents— can  be  rated  within  the  use  group. 

With  these  considerations  in  mind,  it  is  now  necessary  to  inquire : 
(1)  Is  our  objective  to  classify  land  with  reference  to  natural  land 
types  as  a  basis  for  study  and  for  cataloging  our  information  regard- 
ing land ;  or  (2)  is  our  objective  to  give  an  actual  rating  to  lands, 
as  affected  by  present  conditions,  considering  necessarily  transitory 
economic  and  social  relationships  for  the  purpose,  let  us  say,  of  tax 
assessment  or  of  rural  zoning;  or  (3)  both?  The  first  classification 
is  a  natural  one  and  can  be  made  essentially  permanent,  whereas  the 
second  is  a  practical  classification  and  must  be  subject  to  revision  as 
social  conditions  change.  The  second  rests,  fundamentally,  on  the 
first  with  modifications  to  meet  the  special  requirements. 

LAND  CLASSIFICATION  DEFINED 

A  natural  land  classification  can  be  defined  as  one  in  which  the 
natural  land  types  are  placed  in  categories  according  to  their  inher- 
ent characteristics. 

A  practical  land  classification  can  be  defined  as  one  in  which  the 
social  units  of  land  are  classified  according  to  their  capabilities  for 
man's  use  with  sufficient  detail  of  categorical  definition  and  geo- 
graphic expression  to  indicate  those  differences  significant  to  man. 

CLASSIFICATION  OF  NATURAL  LAND  TYPES 

A  "  natural  land  type  "  may  be  defined  as  land  having  a  particular 
combination  of  physical  features,  principally  climate,  soil,  relief, 
and  stoniness,  which  define  its  natural  productivity  for  plants.  Al- 
though these  physical  features  are  not  mutually  independent,  a  suffi- 
ciently great  variation  exists  to  require  their  separate  consideration. 
This  is  especially  true  when  any  crop  plants  are  to  be  considered,  as 
the  actual  productivity  when  used  depends  partly  upon  the  work- 
ability of  the  land  under  methods  of  cultivation  which  man  may 
employ,  as  well  as  upon  fertility. 

A  classification  of  such  natural  land  types  is  based  on  their  natural 
productivity,  especially  for  grains  and  grasses,  but  also  for  other 
adapted  plants.  In  the  sense  that  the  accessibility  to  markets  and 
other  economic  factors  are  excluded  from  consideration,  the  classifi- 
cation is  a  natural  and  not  an  economic  one.  It  is  necessary  to  add, 
however,  that  certain  economic  factors  may  sometimes  influence  the 
reliability  of  the  ratings  of  the  natural  land  types.  For  example, 
where  economic  considerations  have  made  it  inadvisable  to  grow 
corn  in  an  area  during  the  past,  one  has  less  data  for  determining  the 
natural  productivity  of  such  an  area  for  corn.  There  is  no  way  to 
evaluate  such  economic  influences  definitely.  As  the  study  pi  the 
characteristics  of  soil  types  and  the  relationships  between  soils  and 
plants  is  continued,  these  influences  become  less  of  a  problem.  Dif- 
ferences in  farm  management,  of  course,  produce  different  yields 
upon  the  same  land  types.2    A  classification  according  to  natural 


2  For  example,  when  those  classifying  (or  appraising)  rural  land  for  lax  assessment  do 
not  recognize  the  importance  of  this  point,  they  frequently  base  their  ratings  on  the  ap- 
pearance of  the  farm,  thereby  penalizing  good  management  and  favoring  poor  management. 
Unfortunately  such  errors  in  assessment  are  not  uncommon. 
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productivity  must  not  reflect  such  differences ;  otherwise  it  will  fail 
in  its  primary  objective. 

The  logical  approach  by  which  the  natural  land  types  are  given 
positions  within  the  classification  is  both  deductive  and  inductive. 
There  is  no  philosophical  difficulty  involved  in  the  inductive  method, 
wherein  the  productive  capacity  is  ascertained  from  a  knowledge  of 
the  properties  of  the  land,  the  demands  of  the  plant,  and  their  inter- 
relations. But  to  the  degree  that  science  has  not  completely  at  its 
disposal  the  necessary  information,  the  inductive  method  has  limita- 
tions. Deductively,  one  can  reason  from  the  results  of  actual  social 
units  of  land  use  and  estimate  the  inherent  nature  of  the  land  type. 
However,  since  types  of  management  depend  upon  variable  personal 
qualifications  of  managers,  the  method  has  limitations.  These  diffi- 
culties are  essentially  those  of  all  the  applied  sciences,  both  qualita- 
tively and  quantitatively. 

It  must  be  stressed  that,  of  the  important  basic  physical  data, 
information  regarding  the  soil  is  of  the  utmost  importance.  Any 
plan  for  land  classification  or  utilization,  which  is  not  based  on  a 
scientific  classification  of  the  soil,  is  likely  to  be  of  questionable  value 
for  any  practical  use  where  growing  plants  are  concerned.  Never- 
theless, it  is  the  natural  land  type — a  sort  of  natural  landscape — 
defined  principally  by  the  climate,  soil,  topography,  and  stoniness, 
that  is  evaluated  as  a  whole. 

CLASSIFICATION  OF  SOCIAL  LAND  UNITS 

After  having  made  the  classification  of  natural  land  types,  or  the 
data  required  for  such  a  classification,  it  may  be  desirable  to  proceed 
to  the  classification  of  social  land  units  for  such  purposes  as  tax 
assessment  or  zoning.  Although  not  wholly  different  in  fundamental 
logic,  the  problems  involved  in  the  case  of  urban,  recreational,  and 
mining  lands  are  not  examined  in  this  discussion. 

It  is  necessary  here  to  evaluate  each  natural  land  type  in  terms  of 
its  productive  capacity,  as  influenced  by  such  an  economic  factor  as 
accessibility  to  markets.  As  heretofore  pointed  out,  the  land  must 
first  be  classified  as  to  its  natural  productive  capacity  in  the  several 
use  groups.  Then,  after  it  is  placed  in  its  proper  use  group,  it  can 
be  rated  according  to  its  productive  ability,  in  an  economic  sense, 
within  that  use  group.  Whereas  the  classification  of  the  natural 
land  types  is  essentially  permanent,  the  classification  of  social  units 
of  land,  however  devised,  is  necessarily  somewhat  temporary.  But, 
given  an  accurate  fundamental  classification  of  the  natural  land 
types,  it  becomes  a  comparatively  easy  matter  to  make  adjustments 
in  the  classification  of  social  land  units  to  meet  changing  social  and 
economic  conditions.  This  point  needs  to  be  stressed.  In  doing  the 
practical  work  of  classifying  land,  unless  the  physical  data  are  kept 
clearly  and  definitely  separated  from  transitory  economic  considera- 
tions, any  revision  of  the  work  requires  that  everything  be  done 
again,  including  the  taking  of  the  field  data.  But  if  the  physical 
facts  of  soil  and  relief  are  once  accurately  mapped,  these  maps  of  the 
basic  data  are  essentially  permanent.  From  them  the  practical  clas- 
sification of  social  units  can  be  adjusted  from  time  to  time,  as  neces- 
sary, with  little  or  no  additional  field  mapping. 
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The  relationship  of  the  objectives  to  the  general  method  of  classifi- 
cation is  shown  by  the  following  outline : 


LAND    CLASSIFICATION 

1.  Objective:  Planning    land    utilization    (basic    physical    classification    for 
objective  2). 

Climate  \ 

Soil  \Natural  land  type. — To  be  classified  into  categories 

Relief  >     according  to  relative  natural  capability  in  possible 

Stoniness  types  of  utilization 

(Native  vegetation); 

2.  Objective:  Tax  assessment;  rural  zoning 


Social  land  unit — 

To  be  classified — 

(1) 

Into  use  groups — 
(a)  Crop 
(6)   Grazing 

Natural  land   type,   detailed   ex- 

(c)  Forestry 

pression 

(d)  Recreational 

Relationship  to  social  groups —      , 

(e)   Mining 

(a)   Economic 

(/)  Urban  or  definite  com- 

(6) Social 

binations 
(g)  Crop  and  grazing 
(h)  Crop  and  urban 

And  then — 

(2) 

As  to  capabilities  within  the 
use  group 

SIZE  OF  CLASSIFICATION  UNIT 


The  size  of  the  unit  of  any  natural  land  type  is  determined  by  two 
things:  (1)  The  nature  of  the  country  and  (2)  the  fineness  of  dis- 
tinction between  the  categories  required  to  satisfy  the  objective. 
Under  the  first  objective  shown  in  the  outline,  which  concerns  the 
planning  of  utilization,  certain  broad  groups  may  be  established, 
using  relatively  large  units.     Such  a  classification  has  a  limited  use. 

If,  however,  the  classification  has  as  its  objective  the  planning  of 
utilization  on  individual  landholdings,  or  especially  if  the  objective 
contemplates  tax  assessment,  a  measure  of  detail  must  be  obtained 
such  that  the  practical  differences  will  be  clearly  indicated. 

For  example,  an  area  may  be  said  to  consist  of  a  certain  stone-free, 
gently  rolling  Miami  silt  loam  soil  with  small  irregular  areas  of  Car- 
lisle muck  occupying  about  one-third  of  the  land  area.  For  certain 
broad  objectives  considering  general  utilization,  such  a  characteriza- 
tion might  be  sufficient,  but  for  any  practical  use,  in  case,  say,  general 
and  truck  farming  were  to  be  considered,  this  broad  land  type  would 
certainly  need  to  be  divided  into  muck  lands  and  uplands.  Where 
variations,  significant  to  the  possible  enterprises,  exist  within  these 
groups,  others  more  carefully  defined  would  need  to  be  established. 
Individual  land  types  of  a  size  sufficient  to  influence  significantly 
the  capabilities  of  separate  units  of  operation  need  to  be  separated. 
In  areas  where  some  agricultural  use  group  is  possible,  individual 
land  types  greater  than  a  certain  minimum  (about  1  to  10  acres, 
depending  upon  the  possible  utilization)  need  to  be  differentiated 
in  mapping  the  area.  It  would  be  difficult  to  overstress  this  essen- 
tial point.  Without  sufficient  detail,  any  conceivable  scheme  of 
land  classification  is  an  absolute  and  complete  failure  as  regards 
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the  second  objective  of  the  outline.  The  matter  is  especially  im- 
portant in  the  case  of  the  agricultural  use  groups,  where  the  suc- 
cess of  the  enterprise  is  so  completely  and  intimately  bound  up  with 
the  natural  productivity  of  the  land  type  and  where  the  individual 
social  units  are  small.  One  must  realize  that  these  small  units  are 
the  starting  point  for  any  practical  application  of  utilization  studies. 
Unless  the  land  classification  is  sufficiently  detailed  to  indicate  com- 
paratively and  accurately  the  practical' differences  between  these 
units,  it  has  little  value  as  a  guide  in  rural  zoning  and  is  of  no  use 
in  tax  assessment. 

THE  GENERAL  REQUIREMENTS  OF  THE  METHOD 

In  this  section  the  details  of  a  method  of  land  classification  which 
fulfills  the  objectives  set  forth  are  explained.  The  cornerstone  is  the 
basic  classification  of  the  soils,  made  strictly  in  accordance  with  the 
modern  knowledge  of  soil  science.  In  addition  to  what  might  be 
considered  strictly  soil  features,  other  physical  characteristics,  such 
as  relief  and  stoniness,  must  be  mapped  in  sufficient  detail,  both  as 
regards  the  size  of  the  areas  separated  and  as  regards  the  degree 
of  difference  between  classes,  to  indicate  practical  differences.  In 
uncultivated  areas  the  native  cover,  grass  or  forest,  needs  to  be 
classified  and  shown  by  maps.  Important  classes  of  streams,  lakes, 
and  other  physical  features,  so  "f  ar  as  they  have  a  practical  signifi- 
cance in  relation  to  the  objective,  are  necessarily  shown  on  the  map. 
The  relative  importance  of  these  special  features  and  their  classi- 
fication depends  somewhat  on  the  possible  use  group. 

Various  combinations  of  these  features  give  the  natural  land  type 
which  can  be  assigned  a  definite  rating  of  natural  productivity.  A 
map  showing  these  types  serves  the  first  objective — general  planning 
of  land  utilization. 

Using  the  above  ratings  of  natural  land  types  and  adjusting  these 
ratings  as  they  form  parts  of  social  units,  such  as  farms,  ranches, 
and  parks,  to  existing  social  and  economic  conditions  influencing 
production,  a  practical  classification  of  these  social  units  can  be 
made.  After  adjusting  the  ratings  of  the  natural  land  types  for 
accessibility  to  market  and  other  factors  relating  to  the  social  unit, 
a  definite  appraisal  of  the  social  land  unit  is  obtained.  This  attains 
the  second  objective  of  the  outline — tax  assessment  or  data  for 
zoning. 

THE  METHOD8 

The  previous  discussion  of  the  logical  requirements  of  a  land 
classification  indicated  the  necessity  for  detailed  physical  informa- 
tion regarding  the  land,  in  order  to  define  the  natural  land  type. 
It  was  further  pointed  out  that  economic  considerations  were 
important  for  the  determination  of  the  use  group  in  which  any  par- 


3As  land  classification  requires  the  consideration  of  all  phases  of  the  "  landscape  ",  in 
the  development  of  the  method  the  writers  have  received  assistance  from  numerous  farm- 
ers, ranchers,  and  technicians  in  various  fields  ;  and  they  wish  to  express  their  gratitude 
to  the  following  men  who  gave  them  special  assistance :  The  county  commissioners  of 
McKenzie  County,  N.  Dak.,  whose  interest  in  the  work,  encouragement,  and  sound  advice 
were  invaluable ;  M.  B.  Johnson,  ranch  economist ;  H.  L.  Walster,  agronomist ;  H.  C. 
Hanson,  ecologist ;  and  W.  A.  Cleveland,  economist — all  of  whom  were  with  the  North 
Dakota  Agricultural  College  at  the  time  the  method  was  developed ;  and  M.  J.  Edwards, 
Soil  Survey  Division,  U.  S.  Department  of  Agriculture,  who  was  in  charge  of  the  soil 
mapping  and  had  a  large  part  in  the  development  of  the  method. 
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ticular  tract  of  land  may  be  placed.  Also,  such  a  geographic  factor 
as  accessibility  to  market  is  important  in  determining  the  actual 
productive  capacity,  in  an  economic  sense,  of  a  piece  of  land.  Since 
economic  and  geographic  factors  are  variable  and  are  continually 
changing,  whereas  those  determining  the  natural  land  type  are  essen- 
tially permanent,  the  data  for  the  land  classification  must  be  re- 
corded in  such  a  way  as  to  keep  the  permanent  clearly  separate  from 
the  transitory.  Certain  natural  physical  factors  of  great  impor- 
tance, owing  to  their  possibility  of  change  by  man,  must  also  be  indi- 
cated separately.  These  include  native  vegetation,  presence  of 
stumps,  and  the  presence  of  loose,  easily  removable  field  stones. 

In  order  to  describe  the  method  clearly,  it  may  be  best  to  take  a 
concrete  example  of  land  classification  in  some  particular  area,  show- 
ing the  procedure  employed  to  fit  the  general  requirements  as  well  as 
special  local  conditions  of  the  area.  The  example,  from  McKenzie 
County,  N.  Dak.,4  is  chosen  because  the  physical  complexity  is  about 
what  could  be  expected  generally ;  and  as  the  classification  was  made 
for  tax  appraisal,  the  work  is  as  detailed  as  necessary  for  almost  any 
other  purpose.  From  an  economic  point  of  view  this  area  is  com- 
paratively simple,  as  there  are  only  two  important  use  groups — crop 
production  and  grazing.  On  the  other  hand  there  are  many  strongly 
contrasting  types  of  soil  in  the  area,  usually  occurring  in  intricately 
detailed  patterns. 

The  reader  must  bear  in  mind  that  the  following  method  for 
McKenzie  County  is  only  an  example.  Furthermore,  the  whole  plan 
was  arranged  according  to  existing  local  laws.5  Inasmuch  as  farm 
improvements  are  not  taxed  in  North  Dakota,  these  were  not  consid- 
ered. In  other  areas  special  land  problems  will  call  for  special  data 
and  treatment.  In  timbered  regions  the  forest  cover  would  need  to 
be  mapped  in  some  detail.  The  presence  of  large,  firm  stumps  of 
pine  or  similar  trees  must  be  recorded  as  a  factor  in  the  determina- 
tion of  the  use  group.  Other  areas  have  similar  special  problems. 
But  the  fundamental  logic  of  the  method  remains  the  same  for  the 
various  landscapes  and  use  groups.  Because  of  the  intricate  pattern 
of  greatly  contrasting  soils,  McKenzie  County  would  seem  to  be  an 
admirable  place  in  which  to  test  the  method. 

The  whole  procedure,  as  accomplished  in  McKenzie  County,  can 
be  generalized  under  four  steps:  (1)  Accurate  mapping,  in  detail,  of 
the  important  physical  features  of  the  land;  (2)  the  determination 
of  the  natural  productivity  of  each  important  combination  of  these 
physical  features  (the  natural  land  type)  ;  (3)  the  determination  of 
the  use  group  (or  combination  of  use  groups)  to  which  the  various 
social  land  units  belong;  and  (4)  the  evaluation  or  rating  of  each 
individual  tract  of  land  according  to  its  capabilities  within  its  use 
group 


4  The  work  in  this  county  was  taken  up  at  the  request  of  the  local  county  authorities. 
The  soil  survey  (and  other  field  work)  was  done  by  the  Soil  Survey  Division  of  the  U.  S. 
Bureau  of  Chemistry  and  Soils  in  cooperation  with  the  North  Dakota  Agricultural  Experi- 
ment Station.  The  experiment  station  made  up  the  land  classification  from  the  maps. 
Funds  were  furnished  by  the  county  to  pay  for  the  State  expense.  Work  is  being  done  on 
a  similar  basis  in  other  counties.     See  also  the  following  publication :  Kellogg,  C.  E.     a 

METHOD  FOR  THE  CLASSIFICATION  OF  RURAL  LANDS  FOR  ASSESSMENT  IN  WESTERN  NORTH 

Dakota.     Jour.  Land  &  Pub.  Utility  Econ.     9:  [10]-15,  illus.     1933. 

6  See  North  Dakota  Session  Laws,  1921.  These  laws  do  not  provide  for  rural  zoning 
regulations  at  present,  nor  for  a  reduction  in  assessment  of  productive  cropping  land  in- 
case it  is  used  for  grazing  or  forestry.  It  also  provides  that  ideal  grazing  land  shall  be 
taken  as  equivalent  to  30  percent  of  ideal  cropping  land. 
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MAPPING   THE  PHYSICAL   FEATURES   OF  THE   LAND 

In  McKenzie  County,  grazing  and  crop  production,  either  separate 
or  combined,  are  the  chief  use  groups.  For  the  purpose  of  land- 
utilization  studies  and  for  the  land  classification,  maps  of  the  physi- 
cal data  were  prepared  on  a  scale  of  2  inches  to  the  mile.  Each  class 
of  information  is  discussed  in  the  following  paragraphs : 

BASE     MAP 

A  base  map  is  prepared  showing  the  natural  and  cultural  features 
of  the  area,  such  as  (1)  natural — streams,  lakes,  springs,  escarp- 
ments, and  rock  outcrops;  and  (2)  cultural — section  lines,  roads  (in 
three  classes),  houses,  schoolhouses,  cemeteries,  and  railroads. 

SOIL    MAP 

The  soils  are  mapped  according  to  series  and  types  as  defined  by 
the  modern  system  of  soil  classification.  Since  McKenzie  County  is 
a  very  large  county  (almost  2  million  acres)  containing  many  gen- 
eral types  of  physiography,  there  are  a  great  many  different  kinds 
of  soil.    These  are  classified  in  16  series,  32  types,  and  15  phases. 

A  soil  series  includes  soils  having  essentially  uniform  physical  and 
chemical  characteristics  as  well  as  similar  physiographic  position, 
drainage,  and  usually  similar  parent  material.  A  section  through 
the  various  natural  horizons,  or  layers,  of  soil  is  called  the  soil 
profile.  Within  a  series  all  the  soil  profiles  are  essentially  similar, 
except  for  variations  in  texture,  especially  of  the  upper  part.  Thus, 
if  the  upper  plowed  layer  is  loam  in  texture  the  complete  name  of  the 
soil  includes  the  series  name,  for  example,  Morton  or  Bainville, 
plus  the  word  loam.  Hence,  we  may  have  Morton  fine  sandy  loam 
and  Morton  loam,  each  a  soil  type  within  one  series.  The  general 
character  of  the  land  surface,  parent  material,  color,  structure, 
and  other  characteristics  of  the  soils,  except  texture  of  the  surface 
soil,  are  similar.  Again,  a  soil  may  be  nearly  identical  with  a  par- 
ticular type,  except  for  some  one  feature  of  importance  in  land 
use,  such  as  drainage  or  included  spots  having  hardpan.  Such  soils 
are  classified  as  phasevS,  thus:  Morton  loam,  hardpan  phase,  or 
Cherry  silty  clay  loam,  poorly  drained  phase. 

Inasmuch  as  a  report6  is  being  prepared  describing  the  soils 
of  McKenzie  County  in  detail,  only  a  very  brief  description  of  a 
few  of  the  soils  will  be  included  here  as  examples. 

Scobey  loam  is  a  brown  loam  or  silt  loam  developed  from  glacial 
till.  It  has  a  mellow  brown  surface  soil  underlain  at  3  to  5  inches 
by  brown  soil  arranged  in  medium-sized,  friable,  vertical  blocks. 
At  about  19  inches  are  grayish-white  limy  materials,  grading  with 
depth  into  olive-gray,  limy  glacial  till.  The  soil  is  one  of  the  most 
productive  for  grains  and  grasses  in  the  area. 

Scobey  clay  loam  is  similar  to  Scobey  loam,  except  heavier  in 
texture  and  somewhat  more  difficult  for  tillage. 

Scobey  clay  loam,  hardpan  (solonetz)  phase,  resembles  Scobey 
clay  loam,  except  for  the  invariable  presence  of  numerous  "  scabby 

6  The  soils  of  McKenzie  County  will  be  described  in  detail  iu  the  soil  survey  report  being 
prepared  by  M.  J.  Edwards. 
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spots  "  described  in  more  detail  subsequently  under  the  appropriate 
heading. 

Patent  clay  loam  includes  brownish-gray  clay  loam  soils  occurring 
on  long,  sweeping  slopes.  The  material  from  which  the  soil  has 
developed  consists  of  local  alluvial  clay  originating  from  clay  buttes. 
The  soil  is  somewhat  less  mellow  than  Scobey  clay  loam,  but  when 
carefully  managed  it  is  nearly  as  productive  of  cereal  grains. 

Alluvial  clay,  undifferentiated,  includes  heavy  material  in  the  bot- 
toms of  drainageways.  Where  not  salty  it  furnishes  fair  grazing  but 
is  not  suitable  for  cultivation. 

Grail  silty  clay  loam  is  similar  to  Patent  clay  loam  except  that  it 
is  older,  is  darker  brown  in  color,  and  is  more  friable  or  mellow  in 
structure. 

Morton  loam  is  a  brown  loam  or  silt  loam,  developed  from  residual 
material  weathered  from  fine  sandstone  and  shales.  Except  for  this 
substratum,  the  soil  is  similar  to  Scobey  loam. 

Bainville  very  fine  sandy  loam  is  a  grayish-brown  very  fine  sandy 
loam  overlying  yellowish-brown  very  fine  sand  at  a  depth  ranging 
from  5  to  10  inches.  At  12  to  24  inches  is  encountered  grayish- 
yellow  sand  residual  from  fine  sandstone.  This  soil  is  usually  devel- 
oped only  on  hilly  land. 

Bainville  clay  loam  includes  grayish-brown  clay  loam  over  yellow- 
ish-brown clay  at  4  to  5  inches.  This  is  underlain  by  gray  or  yellow 
laminated  clay  at  10  to  20  inches.  This  soil  is  usually  developed  only 
on  hilly  land. 

Kough  broken  land  consists  of  very  hilly  nearly  barren  clay  buttes, 
having  less  than  50  percent  of  the  soil  covered  by  grass. 

Patent  clay  includes  nearly  level,  but  essentially  barren,  fresh 
clayey  alluvium  from  clay  buttes. 

LAY    OF    THE!    LAND 

The  lay  of  the  land  is  mapped  in  five  classes  as  follows : 7 

A.  Nearly  level  to  level  land  on  which  external  drainage  is  poor  or  slow. 
About  0  to  2V2  percent  of  slope. 

B.  Gently  undulating  land  on  which  external  drainage  is  good  but  not 
excessive  and  where  there  is  very  little  erosion.8  All  types  of  ordinary  agricul- 
tural machinery  may  be  used  with  ease.    About  2y2  to  7%  percent  of  slope. 

C.  Gently  rolling  lands  on  which  ordinary  agricultural  machinery  may  be 
used,  but  with  difficulty  for  the  heavier  types.  There  is  some  likelihood  of 
water  erosion  with  intertilled  crops.    About  7%  to  15  percent  of  slope. 

D.  Strongly  rolling  land  on  which  agricultural  machinery  cannot  be  used. 
External  drainage  is  rapid,  but  a  good  grass  cover  usually  maintains  itself. 
About  15  to  25  percent  of  slope. 

E.  Steeply  sloping  and  hilly  land  with  such  excessive  external  drainage  that 
grasses  are  not  well  supplied  with  water.  Frequently  these  slopes  are  partly 
barren  of  cover,  as  explained  later.     More  than  25  percent  of  slope. 


7  The  classification  in  the  text  is  the  one  now  in  use  in  Billings  and  Morton  Counties, 
N.  Dak.,  and  elsewhere.  In  MeKenzie  County  a  less  detailed  and  less  satisfactory  4- 
class  system  was  used  as  follows  :  A.  Level  or  slightly  sloping  land  (about  0°  to  2°  of 
slope).  B.  Undulating  to  eently  rolling  land,  having  some  slope  but  not  enough  to  inter- 
fere with  the  use  of  agricultural  machinery  or  to  cause  any  serious  water  erosion  (about 
2°  to  9°  of  slope).  C.  Rolling  to  strongly  rolling  land,  having  such  slope  that  heavy 
agricultural  machinery  cannot  be  used  successfully  (about  5°  to  10°  of  slope).  D.  Hilly 
land  that  is  unsuitable  for  any  sort  of  agricultural  machinery  and  can  only  support  native 
forage  vegetation  (more  than  10°  of  slope).  (Of  course,  a  45°  slope  equals  a  100  per- 
cent slope.) 

8  Soil  erosion  by  water  is  not  important  in  this  general  area,  but  in  some  places  within 
the  area  there  are  soils  subject  to  some  washing  where  poorly  managed.  Wind  erosion 
is  not  definitely  a  function  of  slope  but  is  closely  associated  with  the  character  of  the 
soil  type. 
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It  must  be  emphasized  that  the  definitions  of  the  classes  accord- 
ing to  percentage  of  slope  are  made  after  a  study  of  the  local  prob- 
lems of  the  area.  Boundaries  between  classes  are  selected  on  the 
basis  of  their  significance  in  land  use.  For  example,  in  the  so-called 
"  Palouse  country  "  of  southeastern  Washington,  different  percent- 
ages of  slope  would  define  the  classes.  There  special  technics  are 
developed  for  harvesting  wheat  by  machinery  on  slopes  up  to  50 
percent  and  over. 

GRASS    COVER 

For  the  evaluation  of  lands  in  the  grazing  use  group  the  carrying 
capacity  in  terms  of  animal  units  per  acre  is  the  important  item. 
This  is  determined  by  the  soil  type  and  lay  of  the  land  as  each 
combination  of  these  has  an  approximately  definite  grass  cover.  In 
the  steeper  lands,  however,  and  especially  the  E  (or  D  of  McKenzie 
County)  class  of  lay  of  the  land,  the  percentage  of  the  surface  cov- 
ered by  grass  must  be  shown.  A  suitable  method  in  use  for  this 
work  is  as  follows:9 

D  or  E  indicates  that  more  than  95  percent  of  the  area  is  covered  with 
grass. 

Di  or  Ei  indicates  that  from  75  to  95  percent  of  the  area  is  covered  with 
grass. 

D2  or  E2  indicates  that  from  50  to  75  percent  of  the  area  is  covered  with 
grass. 

Where  the  land  is  less  than  50  percent  covered  with  grass  the  area 
is  mapped  in  the  proper  class  (rough  broken  land,  Scoria  stony 
loam,  or  Patent  clay)  having  no  important  vegetative  cover. 

In  determining  the  percentage  of  grass  cover  all  grasses  and 
sedges  (but  not  brush)  are  considered,  regardless  of  species.  The 
quality  of  the  grass  cover  as  a  whole  varies  according  to  the  rela- 
tive percentage  of  the  various  species,  which  is  largely  determined 
by  the  soil  type  and,  to  a  less  extent,  by  the  degree  of  slope. 

STONINESS 

In  many  areas,  especially  where  the  soils  are  developed  from 
glacial  drift,  the  degree  of  stoniness  becomes  an  important  item. 
In  order  to  obtain  a  measure  of  this  factor,  the  number  of  ordinary 
wagonloads  of  stones  an  acre  are  estimated  and  shown  in  the 
following  classes: 

S  =none  to  2  loads  an  acre. 

Si=abont  2  to  20  loads  an  acre. 

Sa= about  20  to  50  loads  an  acre. 

Ss=more  than  50  loads  an  acre. 

Where  an  area  of  some  soil  type  is  so  stony  that  all  of  it  would 
fall  in  the  S2  or  S3  groups,  it  is  shown  on  the  soil  maps  as  a  stony 
phase  of  the  soil  type.  The  classes  shown  above  are  mapped  on  a 
secondary  sheet. 

DRAINAGE 

Streams  and  drainageways  are  important  as  sources  of  water,  as 
natural  barriers  for  fields,  and  as  natural  drainage  channels.  These 
are  shown  in  the  following  classes : 


8  Funds  were  not  available  for  the  more  accurate  method  used  by  the  Forest  Service. 
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(1)  Large  rivers. 

(2)  Running  streams  or  intermittent  drainageways,  having  permanent  water 
holes  that  may  serve  as  sources  of  water  for  livestock  during  summer. 

(3)  Intermittent  drainageways  which  cannot  be  crossed  with  agricultural 
machinery  and  consequently  serve  as  natural  boundaries  of  fields. 

(4)  Intermittent  drainageways  which  can  be  crossed  with  agricultural 
machinery. 

SCABBY  SPOTS  10 

(Caused  by  differential  erosion  of  solodized-solonetz  soils.)  This 
important  feature  is  confined  to  the  arid  regions.  Where  the  land 
includes  many  of  these  barren,  shallow  basins  its  value  is  greatly 
reduced.  The  soil  in  these  spots  is  very  hard  when  dry  and  very 
sticky  when  wet.  The  value  of  the  land  is  considerably  less  for 
grazing  purposes  and  greatly  reduced  for  tillage.  Where  an  area  of 
soil  is  thus  affected,  a  hardpan  phase  of  the  soil  type  is  mapped ;  if 
the  area  is  small,  a  special  symbol  is  used. 

GRAVEL 

Special  symbols  indicate  erratic  surface  gravel. 

SHALLOW    SOIL 

Areas  which  have  a  significantly  shallower  surface  soil  than  aver- 
age for  the  type,  owing  to  removal  by  erosion  or  other  causes,  are 
indicated  by  symbol. 

SALTY  AREAS 

The  presence  of  excess  salts  is  indicated  by  symbol,  as  such  land 
is  less  productive  of  either  native  or  crop  plants. 


It  is  necessary  to  indicate  the  type,  size,  and  density  of  the  forest 
growth.  Forests  are  only  to  be  found  along  such  large  streams  as 
the  Missouri  River  in  this  area.    For  example,  "  Cottonwood  (12-24)" 

indicates  a  medium-stocked  cottonwood  forest  with  trees  ranging 
from  12  to  24  inches  in  diameter. 

Occasional  other  minor  symbols  are  employed  for  special  features 
that  may  be  important.  It  is  important  that  each  symbol  be  well  de- 
fined quantitatively  as  well  as  qualitatively.  In  North  Dakota  it 
was  found  convenient  to  have  each  symbol  indicating  some  modi- 
fying soil  feature  represent  some  definite  area,  such  as  2y2  acres. 
Thus,  one  symbol  is  used  for  an  area  large  enough  to  be  significant  up 
to  2i/2  acres.  An  additional  symbol  is  used  for  each  additional  2% 
acres. 

As  a  further  notation  on  any  area  which  is  not  adequately  de- 
scribed by  the  conventional  symbols  employed,  special  notes  are 
written  by  the  field  men.  If  the  legend  is  logically  constructed, 
however,  such  notes  are  rarely  needed.     For  this  work  uniformity 


10  A  detailed  explanation  of  the  morphology  and  genesis  of  these  interesting  and  im- 
portant features  may  be  found  in  the  following  publication  :  Kellogg,  C  E.     morphology 

AND   GENESIS    OF   THE   SOLONETZ    SOILS    OF    WESTERN    NORTH    DAKOTA.       Soil    Sci.    38  :  483-501, 

illus       1934. 

11  The  reader  should  consult  such  maps  and  reports  as  those  of  the  Michigan  Land  Eco- 
nomic Survey  for  a  detailed  method. 
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is  of  the  utmost  importance,  and  standard,  well-defined  mapping 
symbols  must  be  everywhere  employed.  Any  need  for  copious  field 
notes  indicates  at  once  that  some  part  of  the  classification  is  illogi- 
cally  arranged. 

In  order  that  these  features  may  be  mapped  in  the  necessary  de- 
tail for  a  classification  of  cropping  lands,  it  is  necessary  that  the  field 
men  traverse  the  area  at  intervals  not  greater  than  one-quarter  mile. 
To  further  insure  uniformity,  it  is  necessary  that  some  experienced 
individual  make  frequent  contact  with  each  of  the  workers  in  the 
field. 

A  sample  copy  of  the  field  sheet  for  one  section  (640  acres)  in 
McKenzie  County,  showing  these  physical  features  of  the  land  is 
illustrated  in  figure  1  (p.  14) .  The  map  showing  stoniness  for  the 
same  area  is  presented  in  figure  3  (p.  18).  The  combination  of  the 
two  maps  gives  a  definition  of  the  natural  land  types. 

DETERMINATION   OF   THE   PRODUCTIVITY   OF   THE   NATURAL   LAND   TYPES 

Following  the  logical  procedure  previously  outlined,  the  next  step 
is  a  comparative  rating,  according  to  productivity,  of  the  natural 
land  types  (combinations  of  soil  type,  lay  of  the  land,  stoniness,  and 
native  vegetation  in  the  uncultivated  areas)  in  each  of  the  possible 
use  groups.  For  this  area  these  are  grazing  and  cropping.  After 
extended  observation  and  consultation  with  people  familiar  with  the 
use  of  land,  a  table  is  constructed  showing  how  each  of  the  natural 
land  types  is  to  be  rated  in  terms  of  the  best  cropping  land,  or  the 
ideal,  as  100  percent.  The  ideal  is  basic  only  for  this  particular 
project  and,  of  course,  is  not  directly  translatable  to  other  regions. 
For  equalization  between  areas,  additional  factors,  such  as  general 
climatic  conditions,  are  considered.  For  obtaining  the  productivity 
or  carrying  capacity  of  the  natural  land  types  in  respect  to  the  graz- 
ing-use  group,  the  assistance  of  ranchers  and  range  ecologists  was 
employed.  The  character  of  the  native  vegetation  on  the  various 
lands  determines  their  productivity  as  grazing  lands.  It  must  be 
emphasized  here  that  these  productivity  ratings  refer  to  the  natural 
productivity;  how  these  values  are  affected  by  important  economic 
and  geographic  factors  will  be  shown  subsequently. 

In  table  1  is  shown  a  portion  of  the  general  guide  table  giving  the 
natural  productivity  of  the  various  natural  land  types  in  the  two 
principal  use  groups. 
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23    BAINVILLE  VERY  FINE  SANDY  LOAM 

27  BAINVILLE    CLAY  LOAM 

86    ALLUVIAL    CLAY (A    SLOPE) 

28  ROUGH  BROKEN  LAND  (LESS  THAN 
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C      STRONGLY    ROLLING 
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Figure  1.— Sketch  map  showing  a  copy  of  the  field  map  for  a  sample  section  in  Mc- 
Kenzie  County,  N.  Dak.  The  original  map  was  made  on  a  scale  of  2  inches  to  1  mile. 
It  will  be  noted  that  all  the  data,  except  stoniness  (and  forest  cover  in  the  river  bot- 
toms), are  mapped  on  this  one  master  map. 
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Table  1. — A  portion  of  the  general  guide  table  of  basic  ratings  for  the  natural 
land  types  of  McKenzie  County,  N.  Dak.,  according  to  their  natural  produc- 
tivity in  the  cropping  and  grazing  use  groups  x 


Soil  type 

Lay 

of  the 
land  2 

Stoniness 

Soil 
sym- 
bol 

So 

Si 

S2 

S3 

Crop- 
ping 

Grazing 

Crop- 
ping 

Grazing 

Crop- 
ping 

Grazing 

Crop- 
ping 

Grazing 

15 
15C 

16 
16C 

Scobey  silt  loam 

do 

Scobey  clay  loam — 
do  . 

B 
C 
B 
C 
B 

B 

C 

A-B 

B 

B 

B 
C 
D 

D 

Di 

C-D 

A 

Per- 
cent 
90-95 

"^so" 

50-55 

40-45 
75-80 

Percent 
2734-30 
20    -2234 
27J4-30 
20    -2234 
15    -17J4 

2734-30 

1734-20 
0-234 

27J4-30 

no  -1234 

Per- 
cent 
80-85 

45-50 

Percent 
2734-30 
20    -2234 
2734-30 
20    -22J4 
15    -173-2 

2734-30 

Per- 
cent 
35-40 

"30^35" 

Percent 
2734-30 
15    -1734 
2734-30 
15    -1734 
5    -734 

25    -2734 

Per- 
cent 

Percent 
1734-20 

10  -1234 

15    -1734 

10  -1234 

234-5 

10  -1234 

16S 

56 
56C 

Scobey   clay   loam, 
hardpan  phase. 

Patent  clay  loam 

do.3 

57 

Patent  clay3 

Grail      silty      clay 

loam. » 
Morton  fine  sandy 

loam.  3 
Morton  silt  loam  3... 

do.3 

Bainville  very  fine 

sandy  loam. 3 
Bainville  clay  loam  3. 

do.3 

Rough  broken  land. 3 
Alluvial  clay  3 

46 

32 

35 

2734-30 
20    -2234 
10   -1234 

1234-15 

5   -^34 
0-234 
2234-25 

35C 

23D 

27D 

27Di 

28 

86 

1 

1  The  natural  ratings  are  shown  in  percentages  of  the  ideal  cropping  land.  Ideal  grazing  land  is  taken 
as  30  percent  of  ideal  cropping  land,  and  for  convenience  ratings  for  both  are  shown  in  terms  of  ideal  crop 
land  as  100  percent. 

2  See  footnote  7,  p.  10,  for  a  definition  of  these  classes  for  McKenzie  County 

3  These  land  types  do  not  have  stony  equivalents. 

4  Note  that  all  land  naturally  adapted  to  crops  does  not  necessarily  make  ideal  grazing  land. 

Supplementary  to  these  fundamental  ratings,  cognizance  is  taken  of 
minor  physical  features  which  modify  the  natural  land  type.  The 
important  symbols  for  this  type  of  landscape  are  as  follows : 

(1)  Scabby  spots. — For  each  of  these  symbols,  2y2  acres  of  the 
area  takes  the  rating  of  the  hardpan  phase  of  the  soil  type  shown. 

(2)  Scoria  symbol. — Each  symbol  represents  1^4  acres  of  scoria 
(rating  equals  6  to  1*4  percent). 

(3)  Gravel  symbol. — Each  symbol  represents  l1/^  acres  of  the 
gravelly  phase  of  the  soil  mapped.  (Such  phases  have  lower  natural 
ratings.) 

(4)  Clay  bwtte  symbol. — Each  symbol  represents  five -eighths  of  an 
acre  of  rough  and  broken  land.     (Rating  equals  0  to  1%  percent.) 

(5)  Salt  symbols. — On  lowland  types  the  rating  is  0  to  I14  percent 
because  of  the  presence  of  poisonous  plants  in  this  area.  Other  types 
are  reduced  25  percent  for  the  area  influenced  by  salt. 

ADJUSTMENT  OF  RATINGS  ACCORDING  TO  FOREST  GROWTH 

In  a  portion  of  the  bottom  lands  along  large  streams,  especially 
the  Missouri  and  Little  Missouri  Rivers,  cognizance  must  be  taken  of 
the  forest  growth.  The  presence  of  good  timber  raises  the  ratings  of 
the  naturally  unproductive  land  types  more  than  those  of  the  pro- 
ductive types,  but  the  presence  of  brush  reduces  the  ratings  of  the 
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AREAS  COVERED 

AU< 


NUMBERED  LIST  OF  RECONNAISSANCE  SURVEYS 


MISSOURI  AND  ARKANSAS 

1  Sacramento  Valley.  1913  12  0»rk  Region.  1911 

2  San  Francisco  Bay  Region.  1914 

3  lower  San  Joaquin  Valley,  1915  MONTANA 

4  San  Diego  Region.  1915  13  Nortnern  Plains    1929 

5  Middle  San  Joaquin  Valley,  1916   14  Cenlral    1934 

6  Central  Southern.  1917  l4  ""' "'  "" 
Upper  San  Joaquin  Valley,  1917  NEBRASKA 

15  Western.  1911 


MINNESOTA 
lake.of  the  Woods.  1926 
Red  Ri«tr  VaUey  Area.  1933 


PENNSYLVANIA 

19  Northwestern.  1908 

20  Southwestern.  1909 

21  South  Central.  1910 

22  Northeastern.  1911 

23  Southeastern.  1912 


TEXAS 

25  South.  1909 

26  Panhandle  Region.  1910 

27  Central  Gulf  Coast.  1910 
28*  Southwest.  1911 

29  South.Central.  1913 

30  Northwest.  1919 

31  West  Central.  1922 

32  Trens-Pecos,  1928 


35  Western  Puget  Sound  Basin.  1910 

36  Southwestern,  1911 

37  Columbia  Basin,  1929 

WISCONSIN 

38  Northeastern,  1913 

39  North  Part  of  North  Central.   1914 

40  South  Part  of  North  Central,  1919 


Figure  2. — Sketch  map  of  the  United  States  sbo?» 
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ie  general  distribution  of  existing   soil  survey  data. 
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naturally  productive  land  types  more  than  those  of  the  unproductive 
types. 

Estimates  were  obtained  from  experienced  people  regarding  the 
cost  of  cutting  timber,  the  value  of  the  timber,  and  the  cost  of  clear- 
ing land.  The  types  of  forest  as  mapped  were  classified  in  three 
general  groups:   (1)  Good  timber,  (2)  fair  timber,  and  (3)  brush. 


A 


-4 


STONINESS 

S0  LESS  THAN  2  LOADS  PER  ACRE 
S.  2  TO  20  LOADS  PER  ACRE 


In  an  area,  such  as  the  northern 
Lake  States,  of  course,  the  clas- 
sification of  the  timber  would 
need  to  be  in  much  greater  de- 
tail, but  the  relative  importance 
of  the  forests  and  the  differ- 
ences to  be  found  in  this  area  do 
not  justify  greater  detail.  The 
group  "  good  timber "  includes 
the  well-stocked  stands  of  large 
cottonwood  with  occasional 
other  species.  The  "fair  tim- 
ber "  group  includes  stands  of 
small  trees  suitable  for  poles 
and  fence  posts  or  medium- 
stocked  stands  of  larger  trees. 
"  Brush "  includes  bushes  and 
small  trees  of  only  slight  com- 
mercial value  but  large  enough 
and  with  a  thick  enough  stand 
to  require  extensive  clearing 
operations  before  the  land  can 
be  cultivated. 

As  this  bottom  land  is  stone- 
free  and  nearly  level  in  topo- 
graphic feature,  these  two  ele- 
ments of  the  natural  land  type 
are  constant.  For  purposes  of 
land  classification  an  auxiliary 
guide  table  of  ratings  was  con- 
structed giving  the  ratings,  in 
terms  of  ideal  land,  for  the 
several  soil  types  (or  phases) 
where  forest  growth  may  be 
found.  A  small  portion  of  this 
table  for  McKenzie  County  is 
shown  in  table  2.  These  ratings 
are  substituted  for  those  given 
in  the  general  guide  table  for  the  lands  having  forest  cover  and  were 
obtained  by  adjusting  the  natural  ratings  according  to  the  value  of 
the  timber  and  the  cost  of  clearing.12 


£_!__ 


Figure  3. — Sketch  maps  of  a  sample  sec- 
tion in  McKenzie  County,  N.  Dak.  :  A, 
Copy  of  the  field  map  showing  stoniness  ; 
B,  ownership  lines  for  the  same  section, 
as  recorded  in  the  office  of  the  county 
auditor. 


12  The  authors  realize  that  land  naturally  productive  for  crops  is  given  such  a  high 
rating  when  forested  as  to  discourage  the  use  of  the  land  for  that  purpose.  The  social 
desirability  of  laws  to  alter  such  a  situation  is  not  their  responsibility  to  discuss  here. 
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Table  2. — A  portion  of  the  auxiliary  rating  table  of  natural  land  types  according 
to  forest  cover,  HcKenzie  County,  N.  Dah.1 


Soil  type 


Cover 


Cleared 


Good 
timber 


Fair 
timber 


Brush 


Havre  silty  clay  loam 

Havre  silty  clay  loam,  poorly  drained  phase. 

Havre  fine  sandy  loam 

Havre  fine  sandy  loam,  poorly  drained  phase 

Cherry  silty  clay  loam 

Cherry  silty  clay  loam,  poorly  drained  phase 

Banks  fine  sand 

Banks  very  fine  sandy  loam 


Percent 

85    -90 

15    -17H 

40    -45 

73^-10 

35    -40 

2H-5 

2M-  5 

35    -40 


Percent 
85-90 
80-85 
83-87 
79-84 
80-85 
78-83 
78-83 
81-86 


Percent 
40-45 
30-35 
37-42 
29-34 
30-35 
28-33 
28-33 
31-36 


Percent 
10 

4 
7 
3 
4 
2 
2 
5 


i  The  ratings  are  expressed  in  percentage  of  the  ideal  cropping  land  as  100  percent. 
RATING  OF  THE  SOCIAL  LAND  UNITS 

In  this  particular  area  the  land  is  rated  by  40-acre  units  (or  frac- 
tions thereof),  inasmuch  as  the  land  is  shown  on  the  tax  rolls  thus. 
But  in  considering  the  areas  for  the  final  ratings  the  land  must  be 
taken  in  farm  (or  ranch)  units,  as  these  are  the  actual  units  of 
operation  from  which  any  practical  land  classification  must  begin.13 

The  next  step  in  the  procedure  is  to  determine  the  use  group  for  the 
land  within  t\iQ  40-acre  tracts.  In  such  an  area  as  the  one  under 
consideration  where  the  soils  occur  in  an  intricate  pattern,  these 
units  rarely  consist  uniformly  of  one  land  type.  Before  a  tract 
can  be  considered  in  the  cropping-use  group  sufficient  arable  land 
must  be  present  within  the  farm  unit  for  a  worth-while  unit  of  opera- 
tion. For  a  consideration  of  the  use  group  to  which  an  area  belongs, 
both  natural  and  cultural  boundaries  must  be  taken  into  account. 
Primary  roads,  ownership  lines,  and  uncrossable  drainageways  may 
have  the  effect  of  isolating  small  tracts  of  land  types  naturally 
adapted  for  crops  as  well  as  the  type  boundaries  themselves.  The 
following  general  principles  to  cover  this  point  were  carefully 
worked  out  and  followed  in  the  McKenzie  County  project. 

(1)  Isolated  areas  of  a  natural  land  type  suited  naturally  for 
crops,  but  5  acres  or  less  in  extent,  were  placed  in  the  grazing-use 
group  and  subsequently  rated  within  that  group. 

(2)  Isolated  areas  (5  to  10  acres  in  extent)  of  a  natural  land  type 
suited  to  cropping  were  given  two-thirds  their  rating  for  cropping, 
if  in  the  general  region14  of  farming,  and  their  rating  in  the  grazing- 
use  group,  if  in  the  general  region  of  grazing. 

(3)  Isolated  areas  (10  to  20  acres  in  extent)  of  a  natural  land  type 
suited  to  cropping  were  given  85  percent  of  their  rating  for  cropping, 
if  in  the  general  region  of  farming,  and  their  grazing  rating,  if  in 
the  general  region  of  grazing. 

(4)  Isolated  areas  (5  acres  or  less  in  extent)  of  a  natural  land 
type  suited  only  to  grazing  and  surrounded  by  cropping  land  were 
given  two-thirds  of  their  grazing  rating,  if  the  slope  was  of  the 


13  When  these  boundaries  change,  a  slight  revision  is  occasionally  required  in  the  office, 
as  may  be  seen  from  the  following  statements 

14  The  outlining  of  these  general  regions  must  be  a  matter  of  judgment  on  the  basis  of 
the  general  distribution  of  the  natural  land  types.  In  this  case,  as  in  most  settled  areas, 
the  matter  is  greatly  facilitated  by  an  observation  of  current  practice. 


20       TECHNICAL  BULLETIN    469,   U.   S.   DEPT.   OF   AGRICULTURE 


D  class,  and  the  full  grazing  value  if  the  slope  was  of  the  C  class. 
On  the  basis  of  the  character  of  the  natural  land  types  as  amended 
by  the  considerations  regarding  isolation  (local) ,  the  use  groups  to 
which  the  land  belongs  is  determined.  Then  each  40-acre  tract  is 
given  definite  ratings 15  in  terms  of  a  percentage  of  the  ideal  cropping 
land  of  the  area  for  the  cropping  land  and  for  the  grazing  land  in 
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GRAZING 


Figure  4. 


-Sketch   map  showing  distribution  of  the  two  use  groups  within   the  sample 
section. 


it  as  shown  in  figure  4.  For  the  sample  section  these  values  are 
shown  in  the  appropriate  columns  in  table  3.  It  still  remains  for 
these  values  to  be  adjusted  for  accessibility  to  markets  and  water. 

Table  3. — Final  ratings  of  a  sample  section  in  percentage  of  ideal 


Distance 
to  market 
(in  terms 
of  mileage 
of  graded 
road) 

Agricultural  land 

Grazing  land 

Description 

Area 

Land 
rating 

Rating 
after 
deduc- 
tion for 
distance 

Area 

Land 
rating 

Rating 
after 
deduc- 
tion for 
distance 

Rating 
after 
deduc- 
tion for 
water 
supply 

Final 
rating 

NENE 

Miles 
4 

Acres 

1 

2 

10 

13 

5 

30 

13 

27 

40 

35 

17 

38 

40 

15 

8 

40 

Percent 
64 
64 
66 
93 
78 
54 
57 
78 
77 
76 
71 
72 
90 
93 
93 
93 

Percent 
61 
61 
63 
89 
74 
51 
54 
74 
73 
72 
67 
68 
86 
89 
89 
89 

Acres 
39 
38 
30 
27 
35 
10 
27 
13 

Percent 
3 
4 
9 
2 
3 

13 
20 
21 

Percent 
3 
4 

8.8 
2- 
2.9 

13 

20 

21 

Percent 

Percent 
4 

NWNE 

5 

SWNE 

22 

SENE 

30 

NENW       

12 

NWNW 

42 

SWNW 

31 

SENW. --- 

57 

NESW 

73 

NWSW..  - 

5 
23 
2 

4 
10 

1 

3.9 
10 
1 

64 

SWSW 

34 

SESW  - 

65 

NESE._ 

86 

NWSE - 

25 
32 

16 
16 

16 
16 

43 

SWSE 

31 

SESE.     

89 

16  These  ratings  each  represent  the  weighted  average  of  the  ratings  of  the  natural  land 
types  in  the  particular  use  groups  (as  adjusted  for  isolation  if  necessary).  Areas  of 
land  were  determined  by  the  use  of  a  fine  grid  laid  over  the  map  of  the  forty.  The  area 
of  each  natural  land  type,  estimated  for  convenience  in  terms  of  sixteenths  of  a  forty 
(2%  acres),  is  multiplied  by  its  productivity  rating.  The  sum  of  these  products  in  each 
use  group  is  divided  by  the  total  "  parts  "  or  sixteenths  of  that  use  group  to  give  the 
weighted  average.  The  weighted  averages  and  respective  acreages  of  grazing  land  and 
cropping  land  must  be  kept  separate  until  after  the  adjustment  has  been  made  for  acces- 
sibility to  market.  In  unsectionalized  areas  the  land  could  probably  be  more  conveniently 
listed  and  rated  by  individual  holdings. 
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ADJUSTMENT   OF  RATINGS   ACCORDING   TO   ACCESSIBILITY   TO   MARKETS 

After  the  social  land  units  have  been  given  ratings  according  to 
their  productivity  in  their  use  groups,  it  still  remains  to  harmonize 
these  values  in  accordance  with  the  distance  from  market,  or  rather 
the  accessibility  to  market.  The  general  method  for  the  adjustment 
of  land  values  according  to  accessibility  to  market  (here  taken  as  a 
trading  center  having  a  railway  station)  is  based  upon  the  following 
general  principles : 

The  distance  must  be  expressed  in  some  uniform  manner,  elim- 
inating any  great  variations  in  the  character  of  the  roads.  The  base 
map  of  the  survey  shows  the  character  of  the  roads.  As  there  were 
essentially  no  all-weather,  hard-surfaced  roads  in  this  area  the  ordi- 
nary graded  dirt  road  was  taken  as  the  standard.  Each  mile  of 
ungraded  road  was  taken  as  equivalent  to  1%  miles  of  graded  dirt 
road.  In  other  areas  having  hard-surfaced  roads  each  mile  of  such 
road  must  be  counted  as  some  determined  fraction  of  a  mile  of 
graded  dirt  road  if  this  type  is  used  as  the  standard. 

The  two  main  use  groups  in  the  area  are  grazing  and  cropping. 
The  factor  to  be  applied  will  be  different  for  land  of  the  two  use 
groups  because  of  the  differences  in  the  cost  of  marketing  the  prod- 
ucts per  unit  area. 

Inasmuch  as  beef  cattle  constitute  by  far  the  greater  portion  of 
the  products  marketed  from  the  grazing  lands  and  wheat  is  the  chief 
product  marketed  from  the  cropping  lands,  short  periods  of  inacces- 
sibility to  markets  on  the  graded  dirt  roads  are  unimportant.  In 
other  sections  where,  for  example,  whole  milk  is  an  important  prod- 
uct, roads  having  short  periods  of  inaccessibility  would  cause  a  great 
reduction  in  land  ratings. 

In  the  cropping-use  group  the  data  from  the  census  and  other 
sources  show  that  as  the  distance  from  market  increases,  the  organ- 
ization of  the  farm  unit  so  changes  as  to  reduce  the  amount  of  grain 
marketed  as  such  and  to  increase  the  amount  marketed  as  livestock. 

ADJUSTMENT  FOR  CROPPING   LAND 

According  to  the  data  of  the  United  States  Bureau  of  the  Census 
in  1929,  61  percent  of  the  acreage  of  harvested  crops  in  McKenzie 
County  was  devoted  to  wheat,  and  that  to  barley,  flax,  and  oats  con- 
stituted 9.5,  8.5,  and  3.6  percent,  respectively.  The  barley  and  oats 
were  largely  used  as  feed ;  consequently  wheat  was  chosen  as  the  basis 
for  calculation  regarding  cropping  land.  The  following  additional 
facts  from  the  unpublished  data  of  the  census  by  townships  were 
also  considered. 

The  townships  within  6  miles  of  a  railroad  station  sold  a  greater  amount  of 
milk,  cream,  and  hutter. 

These  same  townships  had  a  lower  percentage  of  the  crop  land  in  wheat. 

The  amount  of  plowable  pasture  in  the  townships  adjacent  to  the  market 
centers  was  larger  than  in  those  more  distant. 

In  the  townships  bordering  the  Badlands,  little  plowable  pasture  existed  and 
practically  all  the  tillable  land  was  cropped. 

The  townships  situated  from  6  to  12  miles  distant  from  market  usually  car- 
ried the  highest  percentage  of  tillable  land  in  wheat,  with  an  approximate 
average  of  52  percent  of  the  tillable  land  devoted  to  this1  crop. 

Although  the  data  failed  to  show  conclusively  the  interrelationship 
between  the  location  of  market  and  the  type  of  crop  grown,  this  rela- 
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tionship  was  evidenced  in  the  older  districts.  Perhaps  the  compara- 
tive newness  of  the  country,  combined  with  the  generally  unques- 
tioned acceptance  of  the  belief  that  wheat  is  the  crop  to  grow,  partly 
explains  the  irregularities. 

On  the  basis  of  the  census  figures  and  the  data  from  the  substa- 
tions of  the  North  Dakota  Agricultural  Experiment  Station,  a  yield 
of  13  bushels  per  acre  was  taken  as  the  average  yield  of  wheat  on 
the  best,  or  ideal,  cropping  land  in  the  area.  With  52  percent  of  the 
plowable  land  given  to  the  production  of  wheat,  this  means  an  aver- 
age production  of  270  bushels  per  40-acre  tract  of  ideal  land.  Seed- 
ing takes  1  to  1*4  bushels  per  acre.  On  an  average,  about  6  percent 
of  the  wheat  grown  remains  on  the  farm  to  be  used  as  feed.  After 
these  deductions  are  made,  there  are  230  bushels  to  be  marketed  from 
each  40-acre  tract  of  ideal  land  in  those  areas  of  maximum  wheat 
production,  namely,  areas  6  to  12  miles  distant  from  market. 

The  prevalence  of  the  use  of  the  motor  truck  to  market  wheat 
makes  it  desirable  to  place  the  cost  of  marketing  upon  that  basis. 
Since  the  capacity  of  the  ordinary  truck  of  the  farmer  ranges  from 
60  to  75  bushels,  it  was  thought  fair  to  place  the  number  of  trips 
necessary  for  hauling  the  marketed  wheat  from  a  forty  of  the  best 
land  at  four.  A  mileage  charge  of  8  cents,  to  care  for  the  cost  of 
fuel,  labor,  and  upkeep,  was  taken  as  the  transportation  charge. 
Accordingly,  for  every  mile  an  ideal  forty  is  distant  from  the  wheat 
market,  a  charge  of  64  cents  is  exacted  for  the  marketing  of  its  prod- 
ucts. The  capitalization  of  this  charge  of  64  cents  at  5  percent  gives 
$12.80  as  the  amount  to  be  deducted  from  the  value  of  the  forty,  per 
mile  of  distance.  If  the  evaluation  of  the  best  land  is  placed  at  $20 
an  acre  (or  $800  per  forty)  a  deduction  of  1.6  percent  of  the  land 
value  of  the  ideal  forty  is  deducted  for  each  mile  of  distance  to 
equalize  the  market  costs. 

It  is  necessary  to  provide  for  a  correction  in  this  figure  of  1.6 
percent  a  mile  according  to  the  change  in  the  type  of  farming  as  the 
distance  from  market  increases.  On  the  basis  of  observations  in  the 
county  it  was  assumed  that  at  a  distance  of  40  miles  essentially  all 
the  crops  produced  on  the  land  in  the  cropping  use  group  will  be 
marketed  as  livestock  and  should,  therefore,  receive  a  rate  of  reduc- 
tion equivalent  to  that  of  land  in  the  grazing  use  group.  The  deduc- 
tion for  ideal  grazing  land  (equivalent  to  30  percent  of  the  ideal 
cropping  land)  is  0.5  percent  a  mile  or,  expressed  on  the  basis  of 
100-percent  land,  is  0.15  percent  a  mile.  The  method  for  calculating 
this  rate  will  be  explained  subsequently.  This  rate  for  grazing  land 
is  uniform  at  all  distances  after  the  first  mile.  Thus,  at  40  miles 
from  market,  ideal  grazing  land  is  reduced  in  rating  from  30  to  24 
percent. 

There  is  no  reduction  for  land  1  mile  or  less  from  market.  For  the 
next  5  miles,  up  to  6  miles  from  market,  the  reduction  is  uniformly 
1.6  percent  a  mile.  Thus,  at  6  miles  the  rating  for  ideal  cropping 
land  is  92  percent. 

For  additional  distances  up  to  40  miles,  the  rate  of  reduction 
changes  progressively  (as  a  straight  line)  from  1.6  percent  to  0.15 
percent  a  mile.  Beyond  40  miles  the  reduction  is  uniformly  0.15 
percent  a  mile  as  is  that  for  grazing  land.    After  making  the  appro- 
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priate  calculations  16  the  upper  curve  shown  in  figure  5  was  drawn. 
This  curve  shows  the  rating  of  ideal  cropping  land  as  adjusted  for 
distance  from  market.  By  the  use  of  tables,  or  of  a  curve  drawn  on 
a  large  scale,  the  values  can  be  seen  at  a  glance  for  any  particular 
distance.  The  unadjusted  rating  in  percentage  of  any  tract  of  land 
is  multiplied  by  the  rating  in  percentage  of  ideal  land  as  shown  on 
the  curve  for  the  appropriate  distance,  expressed  in  miles  of  graded 
dirt  road,  in  order  to  make  the  adjustment  for  the  accessibility  to 
market. 

ADJUSTMENT  FOR  GRAZING  LAND 

As  a  basis  for  calculations  giving  the  rate  of  reduction  for  grazing 
land  the  following  average  conditions  were  taken :  That  a  herd  of 
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Figure  5.— The  influence  of  accessibility  to  markets  on  ratings  of  ideal  cropping  land  and  of  ideal  grazing 
land  in  McKenzie  County,  N.  Dak. 

35  cattle  would  be  taken  to  market  by  two  men  with  saddle  horses  at 
about  10  miles  drive  a  day.  The  charges  for  labor  and  horses  would 
amount  to  an  average  of  about  $8  a  day  for  the  herd.     Fifteen  acres 


16  Points  on  that  portion  of  the  curve  lying  between  6  and  40  miles  can  be  calculated  as  follows: 

Where  x    —  distance  in  miles  of  graded  dirt  road  minus  6 

y    =  percentage  rating  in  terms  of  ideal  land  at  the  market  as  100 

dy_ 

dx 

d2y 

-T-^=change  in  rate  of  reduction  at  x  miles 

As  ~-„  is  uniform  between  the  2  values  of  x,  0  and  34,  its  value  can  be  found  from  the  straight-line  equation 

dx2 


-=  rate  of  reduction  at  x  miles 


and 


I"  Jo.0428dz 
=  0.042&H-C1 
dm 

andcr 


dy     d2y  d2y 


a) 

(2) 


■1.8 


Then  y  =/0.0428dr- 1.6  dx  (3 

=0.0214  a;2-1.6  x+C2 
Where  x  =  0,  y  =92.0,  and  C2=92 

Therefore?/  =  92.0-a:  (1.6-0.0214 x)  .  (4) 

Equation  (4)  may  be  used  for  calculations  of  the  adjusted  ratings  of  ideal  land  for  points  between  6  and 
40  miles  from  market. 
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of  the  ideal  grazing  land  would  support  one  head  of  cattle  on  an  all- 
year  grazing  basis.  If  ideal  cropping  land  within  a  mile  of  the 
market  is  taken  as  worth  $20  an  acre,  the  value  of  ideal  grazing  land 
would  amount  to  30  percent  of  this,  or  $6.  By  capitalization  of  these 
averages,  charges  of  5  percent  of  the  value  of  grazing  land  would 
be  required  to  capitalize  the  marketing  costs  for  each  10  miles  of 
driving  distance.  Thus  the  reduction  in  value  for  the  ideal  grazing 
lands  would  amount  to  0.5  percent  a  mile.  As  ideal  grazing  land  is 
here  taken  to  be  equivalent  to  30  percent  of  ideal  cropping  land,  this 
percentage  reduction  amounts  to  0.15  percent  a  mile  on  the  basis 
of  ideal  cropping  land  as  100  percent.  This  reduction  is  shown 
graphically  in  the  lower  curve  in  figure  5. 

These  calculations  are  based  on  assumptions  that  are  obviously 
somewhat  arbitrary  at  a  number  of  points.  It  is  to  be  strongly 
emphasized,  however,  that  many  of  these  assumptions  represent  the 
studied  opinion  of  local  people  familiar  with  local  practices.  Before 
the  curves  were  accepted  and  used  they  were  carefully  checked  in  the 
field  to  ascertain  their  accuracy  when  compared  with  results  obtained 
from  marketing  costs  and  other  data  on  operating  farms  and  ranches 
at  various  distances  from  market. 

ADJUSTMENT  OF  THE  RATING  OF  GRAZING  LAND  ACCORDING  TO  DISTANCE  FROM 

WATER 

After  the  rating  of  the  grazing  land  is  adjusted  for  accessibility 
to  markets  its  location  in  respect  to  natural  sources  of  water  must  be 
considered.  The  experience  of  cattlemen  shows  that  cattle  cannot 
be  expected  to  make  satisfactory  gains  where  the  distance  they  must 
walk  for  water  is  much  greater  than  1  mile.  Such  natural  sources 
include  springs  and  running  streams,  or  streams  having  permanent 
water  holes.  These  data  are  shown  on  the  map.  Grazing  land 
situated  more  than  iy2  miles  from  water  must  be  used  only  at  times 
of  the  year  when  surface  water  is  found  in  small  holes  and  depres- 
sions in  the  land  or  where  additional  capital  is  supplied  for  deep 
wells.  The  experience  of  ranchers  using  such  land  shows  it  to  be 
about  25  percent  less  productive  of  cattle  than  land  having  water, 
other  factors  being  equal.  Thus  for  the  land  classification  those 
grazing  lands  in  the  general  region  of  grazing  situated  more  than 
iy2  miles  from  sources  of  water  are  reduced  25  percent  in  their 
rating.  Primary  roads  and  ownership  lines  are  considered  as 
boundary  lines  in  calculating  these  distances. 

ASSEMBLY  OF  THE  RATING  FOR  THE  40-ACRE  TRACT 

As  the  reduction  for  distance  from  market  depends  on  the  use  group 
to  which  the  land  belongs,  the  separate  factors  are  applied  to  the  two 
kinds  of  land  within  the  40-acre  tract.  In  addition  the  grazing  land 
not  supplied  with  water  receives  a  reduction  of  25  percent.  When 
the  final  values  for  each  of  the  2  kinds  of  land  are  determined  the 
2  are  combined,  according  to  the  respective  amounts  of  each  in 
the  40-acre  tract,  to  obtain  the  complete,  adjusted,  final  rating  for 
the  tract.  These  steps  are  illustrated  in  their  application  to  the 
sample  section  in  figure  4.  It  will  be  noted  that  as  this  particular 
grazing  land  is  supplied  with  water,  no  reductions  are  necessary  for 
that  factor. 
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THE  FINAL  APPRAISAL 

The  last  column  of  values  in  the  table  shown  in  figure  3  gives  the 
final  figure  which  is  used  for  appraisal  of  the  land.  The  county  of- 
ficials will  fix  the  money  value  of  ideal  cropping  land  and  then  each 
piece  of  land  in  the  area  will  be  appraised  at  the  percentage  of  this 
value  given  as  its  final  rating.  Ratings  in  terms  of  percentage  are 
calculated  for  each  40-acre  tract,  or  fractional  tract,  according  to 
the  land  lines  of  the  General  Land  Office.17 

APPLICATION  AND  ADAPTABILITY  OF  THE  METHOD 

It  is  not  the  purpose,  in  this  bulletin,  to  review  the  voluminous 
literature  on  land  use  and  on  the  land  problems  of  the  country.18 
The  fact  that  such  an  extensive  literature  exists,  with  portions  con- 
tributed by  people  in  nearly  every  walk  of  life,  itself  testifies  to  the 
seriousness  of  the  problem  and  to  its  general  interest  and  occurrence. 
Considerable  attention  has  been  given  to  a  definition  of  land  classifi- 
cation, particularly  from  the  point  of  view  of  the  objectives.  It  now 
remains  to  discuss  the  method  briefly  in  relation  to  these  objectives. 

USE  OF  A  LAND  CLASSIFICATION 

The  method  just  described  as  an  example  is  planned  to  fulfill  the 
requirements  for  a  classification  of  rural  lands  for  purposes  of  tax 
assessment.  Inasmuch  as  an  assessment  requires  that  a  definite  nu- 
merical rating  be  placed  on  each  parcel  of  land,  it  would  seem  that 
such  a  method,  if  logically  developed,  would  give  data  of  value  for 
other  purposes,  such  as  supplying  the  basis  for  plans  leading  to 
rural  zoning.  Other  plans  for  land  use,  such  as  the  establishment 
of  parks  and  grazing  districts,  require  accurate  geographic  expres- 
sion of  the  physical  data.  The  fact  that  these  data  in  McKenzie 
County  are  being  used  for  these  very  purposes  at  present  by  other 
agencies,  in  cooperation  with  the  local  governments,  testifies  as  to 
their  adaptability  to  such  uses. 

It  must  be  emphasized  that  the  first  steps  in  the  method  are  those 
most  important  for  any  purpose  involving  a  change  of  land  use.  In 
the  previous  discussion,  including  the  description  of  the  method,  it 
has  been  pointed  out  that  the  final  classification  of  the  social  land 
units  depends  upon  the  character  of  the  natural  land  types  and  the 
use  group  in  which  they  fall.  The  use  group  for  any  piece  of  land 
is  determined  mostly  by  the  natural  land  type,  but  by  no  means  ex- 
clusively so.  The  important  consideration  of  size  and  isolation  of 
the  areas  of  the  various  natural  land  types  influence  land  use.  Any 
change  in  utilization  alters  the  position  of  the  land  in  the  classifica- 
tion of  the  social  land  units;  whereas  the  more  fundamental  classi- 
fication of  the  natural  land  types  is  essentially  permanent.  For 
example,  should  the  boundaries  of  some  proposed  grazing  or  forestry 
district  include  present  cropping  land,  a  reclassification  would  need 


17  Some  discrepancies  appear  in  the  fractional  tracts  as  compared  to  the  original  plats 
of  the  General  Land  Office,  due  to  changes  made  by  streams,  especially  the  Missouri  River, 
since  their  original  survey  was  made.  In  some  cases  the  margins  of  meandered  streams 
have  moved  a  mile  or  more  during  the  time  between  the  survey  of  the  Land  Office  and  the 
soil  survey. 

18  United  States  Department  op  Agriculture,  Bureau  of  Agricultural  Economics, 
land  utilization.     U.  S.  Dept.  Agr.,  Bur.  Agr.  Econ.     1934.     [Mimeographed.] 
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to  be  made  giving  this  land  its  rating  in  the  new  use  group  in  place 
of  its  rating  in  the  cropping  use  group.  Where  the  fundamental 
physical  data  are  kept  clearly  separated  from  the  economic  or  social, 
as  the  logic  of  the  method  demands,  such  changes  are  easily  made 
without  additional  field  work.  It  is  also  noted  that  in  applying  ad- 
justments for  accessibility  to  markets  the  rate  of  deduction  depends 
upon  the  use  group. 

In  cases  where  appraisal  of  the  land  for  tax  assessment  is  not  an 
objective  of  the  classification,  the  office  work,  beyond  the  determina- 
tion of  the  productivity  of  the  natural  land  types  in  the  possible  use 
groups,  is  unnecessary.  For  rural  zoning,  which  necessarily  con- 
cerns each  social  unit,  the  physical  data  must  be  of  the  character  and 
detail  described  in  the  method.  If  the  objective  is  not  rural  zoning, 
but  to  study  land  use  in  general,  not  related  to  any  particular  farm 
unit,  then  less  detail  of  the  physical  data  will  suffice.  It  must  be 
strongly  emphasized  that  such  schematic  studies  from  cursory  data 
have  a  very  limited  use.  As  the  question  of  local  taxation  is  one 
of  the  most  important  problems  before  a  large  proportion  of  the 
rural  communities  of  the  country,  the  demand  is  especially  for  the 
type  of  work  which  is  sufficiently  accurate  and  detailed  to  serve 
the  objectives  of  tax  assessment  and/or  rural  zoning. 

ADAPTABILITY  OF  THE  METHOD  IN  OTHER  LANDSCAPES 

The  method  described  in  detail  has  been  used  for  land  appraisal 
in  the  northern  Great  Plains.  Naturally  the  question  arises  as  to 
the  applicability  of  this  method  to  other  landscapes.  That  part  of 
the  work  which  includes  the  mapping  and  evaluation  of  the  natural 
land  types  has  been  and  is  being  done  in  several  places  throughout 
the  country.  Special  mention  should  be  made  of  the  work  of  the 
Michigan  Land  Economic  Survey,  as  this  organization  probably  was 
the  first  to  make  a  complete  inventory  of  the  physical  features  of  a 
landscape  having  a  wide  range  of  possibilities  for  use.  The  modern 
detailed  soil  survey  fulfills  all  or  nearly  all  of  the  requirements  as 
far  as  the  permanent  physical  data  are  concerned.  In  areas  having 
features  of  special  or  local  importance,  such  as  lakes  or  forests, 
data  regarding  these  would  need  to  be  added  to  those  of  the  soil 
survey. 

Each  type  of  landscape  usually  has  special  physical  features,  or 
special  subtypes  of  possible  land  use  serve  to  accentuate  the  impor- 
tance of  some  one  feature.  For  example,  remaining  large  pine 
stumps  in  certain  areas  previously  forested  but  now  deforested  may 
be  important.  Such  a  physical  factor  is  not  of  a  permanent  charac- 
ter and  needs  to  be  considered  separately  from  the  permanent  physi- 
cal data.  In  other  places,  for  instance,  where  irrigation  is  proposed, 
small  differences  in  relief  may  be  more  important  than  is  commonly 
the  case  in  other  areas  and  consequently  might  require  special 
emphasis  and  detail. 

In  making  up  tables  showing  the  productivity  of  the  land  in  vari- 
ous uses,  different  plants  will  receive  the  major  emphasis  in  different 
areas.  In  the  grazing  use  group  the  native  plants,  even,  will  differ 
from  place  to  place ;  and  in  naturally  wooded  areas  the  productivity 
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of  introduced,  but  adapted,  species  of  grasses  could  be  used  as 
criteria.  In  the  cropping  use  group  wheat  may  receive  the  major 
consideration,  as  it  naturally  did  in  McKenzie  County ;  in  other  areas 
sugarcane  or  some  other  of  dozens  of  crops  might  be  the  chief  crop 
plant;  or  again,  a  combination  of  crop  plants  may  need  to  be  con- 
sidered and  a  weighted  average  value  obtained. 

In  those  landscapes  where  a  large  number  of  crops  are  grown  and 
the  natural  productivity  of  the  various  land  types  varies  greatly  for 
the  different  plants,  the  problem  would  be  somewhat  more  difficult, 
in  certain  respects,  than  in  the  case  of  the  example  presented.  For 
example,  certain  sandy  soils  in  the  southern  part  of  the  United 
States  having  a  low  natural  productivity  may  be  widely  used  where 
the  supply  of  more  productive  land  suitable  for  the  same  crops  is 
limited.  Here  the  problem  would  be  further  complicated  by  the  wide 
use  of  fertilizers,  and  the  tables  of  productivity  would  need  to  be 
constructed  so  as  to  show,  not  only  the  natural  productivity  but  also 
that  under  standard  types  of  farm  management  including  those  prac- 
tices recognized  as  consistent  with  good  economy.  The  authors  fully 
realize  the  difficulties  involved  in  such  cases;  nevertheless  they  feel 
that  these  are  problems  of  detail  and  do  not  influence  the  logic  of 
the  method.  It  must  be  emphasized  that  the  details  will  necessarily 
vary  in  different  landscapes  in  following  this  logic. 

THE  USE  OF  EXISTING  DATA  FOR  LAND  CLASSIFICATION 

In  figure  2  (pp.  16  and  17)  is  shown  a  sketch  map  indicating  the 
present  progress  of  the  Division  of  Soil  Survey.  The  making  of 
these  maps  has  been  in  progress  for  a  good  many  years,  during  which 
time  the  technics  of  the  work  have  been  greatly  improved,  owing  to 
world-wide  research  in  soil  science  and  due  to  experience  in  using  the 
maps  and  in  interpreting  the  results  of  the  surveys.  During  recent 
years  the  maps  have  been  made  more  detailed  than  formerly  because 
of  the  demands  for,  and  need  of,  more  precise  information.  In  table 
4  are  listed  the  number  of  square  miles  covered  during  the  years  since 
the  work  was  started.19  The  reconnaissance  soil  maps  are  not  suffi- 
ciently detailed  for  land  classification  for  purposes  of  assessment. 
These  can  be  used,  however,  for  the  definition  of  broad,  general  land 
types,  realizing  that  within  each  type  variations  within  the  areas 
larger  than  farm  units  are  to  be  expected.  The  same  applies  to  those 
maps  made  before  1907.  The  maps  made  between  1907  and  1917  are 
more  detailed  but  in  some  instances  would  need  revision  before  being 
directly  usable  in  furnishing  the  necessary  data  on  soils  for  the  land 
classification  necessary  in  rural  zoning.  Maps  made  since  1917,  espe- 
cially since  about  1928,  are  in  considerable  detail  as  to  soil  types,  but 
in  many  instances  those  made  prior  to  about  1928  would  need  some 
additional  data  as  to  relief  and  stoniness,  in  order  to  make  a  detailed 
land  classification  for  purposes  of  tax  assessment. 


19  These  data  only  include  those  maps  made  by  the  Division  of  Soil  Survey  or  by  them  in 
cooperation  with  local  organizations,  especially  the  State  agricultural  experiment  stations. 
A  few  other  soil  maps  are  available  in  addition  to  these,  notably  in  Illinois,  where  the 
work  has  been  done  almost  exclusively  by  the  Illinois  Agricultural  Experiment  Station, 
and  in  other  places. 
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Table  4. — Square  miles  surveyed  and  mapped  in  the  United  States  by  the  Divi- 
sion of  Soil  Survey  of  the  United  States  Department  of  Agriculture  or  by  it  in 
conjunction'  with  other  agencies 


Approximate  area ] 

Year  of 
survey 

Approximate  area ' 

Year  of 
survey 

Approximate  area 

Year  of 
survey 

Detailed 

Recon- 
nais- 
sance 

Detailed 

Recon- 
nais- 
sance 

Detailed 

Recon- 
nais- 
sance 

1899 

Square 
miles 
766 
4,613 
9,877 
16,  268 
27, 179 
25,  554 
23,  956 
18, 652 
19,  392 
22,110 
27,  697 
22,  858 
35,  029 
32,  277 

Square 
miles 

"47,352 
67,  536 

87,  336 
77,  328 
50,994 

1913 

1914 

Square 
miles 
30, 631 
37,811 

35,  521 

36,  273 

37,  060 
29,  466 
25,  974 
24,419 
25,  999 
31, 083 
25,  347 
17,  788 
22, 876 
22, 168 

Square 
miles 
35, 147 

8,352 
12,  607 

4,448 
12,  460 

"19,464 

"1,314 
26,  784 

"""1,313 

1927 

Square 
miles 
20,  490 
18,  607 

20,  230 
31,  978 

21,  973 
30,  305 
31,504 

Square 
miles 

1900 

1928 

31,  392 
41  619 

1901 

1915 

1916 

1917 

1918 

1919 

1920 

1921_   

19292 

1902 

1930 

9  124 

1903     

1931__ 

1932 

1933- _ 

Total 

Grand  total. 

1904 

1905 

1906 

9,133 

1907 

863, 731 

543,  643 

1908 

1922 

1923 

1924 

1909 

1,  407,  374 

1910 

1911 

1925 

1912 

1926 

1  Net  square  miles  corrected  for  any  overlap  of  recent  surveys  over  parts  of  older  surveys. 

2  From  1929  on,  the  number  of  square  miles  surveyed  is  approximate;  from  1931  on,  only  a  small  percentage 
of  the  areas  is  available  in  published  form. 

Although  an  accurate  soil  map  must  necessarily  form  the  basis 
for  land  classification,  it  has  been  shown  that  other  factors  must  be 
recognized.  Some  physical  factors,  such  as  kinds  of  streams  and 
native  vegetation,  must  be  taken  into  account  and  are,  in  certain 
areas,  of  extreme  importance.  Also  such  economic  or  geographic 
factors  as  location  in  respect  to  markets  and  in  respect  to  other  areas 
of  similar  land  are  important. 

In  those  areas  where  a  modern  soil  map  is  available,  considerably 
more  than  half  of  the  field  work  required  to  make  such  a  land  classifi- 
cation as  the  one  described  in  the  previous  pages  has  been  done. 

SUMMARY 

The  objectives  of  land  classification  are  mentioned  and  discussed 
as  to  the  amount  of  detail  required  for  the  definition  of  the  categories 
employed  and  for  their  cartographic  expression  on  maps  in  order 
to  reach  the  various  objectives. 

The  logical  requirements  of  any  method  effectively  reaching  these 
various  objectives  are  set  forth  and  discussed  briefly. 

For  purposes  of  tax  assessment,  land  classification  must  be  detailed 
and  clearly  indicate  any  significant  differences  between  social  land 
units.  The  procedure  for  reaching  this  objective  may  be  summarized 
under  four  general  steps:  (1)  Accurate  mapping  (in  detail)  of  the 
important  physical  features  of  the  land,  (2)  the  determination  of  the 
natural  productivity  of  each  important  combination  of  these  physical 
features  (the  natural  land  type),  (3)  the  determination  of  the  use 
group,  or  combination  of  use  groups,  to  which  the  various  social 
land  units  belong,  and  (4)  the  evaluation  or  rating  of  each  individual 
tract  of  land  according  to  its  capabilities  within  its  use  group. 

A  method  meeting  the  logical  requirements  of  a  land  classification 
for  purposes  of  tax  assessment  is  described  in  some  detail,  including 
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the  mapping  of  the  physical  features,  the  determination  of  the  pro- 
ductivity of  the  natural  land  types  in  the  possible  use  groups,  the 
determination  of  the  use  group  to  which  each  piece  of  land  belongs, 
the  rating  of  each  social  land  unit  in  terms  of  percentage  of  ideal 
land  for  the  area,  and  the  adjustment  of  these  ratings  for  accessi- 
bility to  markets. 

The  applicability  of  the  method  to  other  landscapes  is  briefly 
discussed.  It  is  pointed  out  that  the  logic  of  the  method  probably 
has  a  wide  adaptation  but  that,  following  this  logic,  the  details  of 
the  method  will  vary  in  different  landscapes. 

The  data  obtained  by  this  method  include  those  needed  for  rural 
zoning  and  for  planning  land  use. 

The  limitations  and  possibilities  of  existing  soil-survey  data  for 
land  classification  are  briefly  discussed,  with  estimates  of  the  amount 
of  such  data  available  in  the  United  States. 
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INTRODUCTION 

Immunization  against  anthrax  dates  from  Louis  Pasteur's  epoch- 
making  demonstration  in  188 1  at  Pouilly  le  Fort,  France.  The  perfect 
results  of  that  test  are  well  known ;  all  the  vaccinated  animals  success- 
fully withstood  artificial  exposure  to  anthrax,  whereas  all  the  controls 
died. 

Undoubtedly,  Pasteur's  ability  to  protect  animals  against  anthrax 
by  vaccination  was  heralded  at  the  time  as  a  sure  means  of  preventing 
that  dreaded  disease  of  livestock.  The  vaccines  subsequently  pre- 
pared by  Pasteur  did  much  to  control  the  disease.  Experience  has 
shown,  however,  that  the  Pasteur  vaccine  had  definite  limitations. 
The  product  was  subject  to  rapid  deterioration,  especially  if  kept 
under  unfavorable  conditions.  Furthermore,  a  relatively  long  time, 
approximately  3  weeks,  was  required  for  the  product  to  impart  its 
full  measure  of  protection.  The  double  handling  of  the  animals  was 
also  a  disadvantage,  especially  in  the  treatment  of  range  animals. 
Objections  were  raised  likewise  to  a  product  composed  of  living  an- 
thrax organisms  which,  under  certain  conditions,  might  produce  the 
disease  in  unusually  susceptible  animals  and  thereby  actually  spread 
the  disease  that  was  to  be  combated.  Accordingly,  numerous  inves- 
tigators undertook  the  task  of  developing  anthra  biologies  that  would 
meet  the  above-mentioned  objections,  such  researches  being  continued 

1  Acknowledgment  with  appreciation  is  made  of  the  assistance  rendered  by  Thomas  Castor,  inspector 
in  charge  of  the  Bureau's  station  at  Philadelphia,  Pa.,  in  obtaining  the  uniform  lots  of  test  sheep  used  in  the 
three  experiments  reported  in  the  latter  part  of  this  bulletin.  Acknowledgment  is  made  also  of  the  labora- 
tory assistance  given  by  C  N.  Dale,  W.  T.  Miller,  and  M.  S.  Shahan,  of  the  Pathological  Division. 
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up  to  the  present  time.  As  a  result  of  these  long-continued  studies,  a 
number  of  products  have  been  developed  for  the  control  of  anthrax. 

For  the  immunization  of  animals  against  anthrax,  the  veterinarian 
has,  therefore,  a  number  of  biologies  at  his  command,  namely,  anti- 
anthrax  serum,  antianthrax  serum  and  anthrax-spore  vaccine  used 
simultaneously,  anthrax-spore  vaccine  (single  injection),  anthrax- 
spore  vaccine  (intradermic),  anthrax-spore  vaccines  (2,  3,  or  4  injec- 
tion) anthrax-spore  vaccine  in  saponin  solution,  anthrax  aggressin, 
and  two  kinds  of  killed-organism  anthrax  bacterins,  one  being  a  whole- 
culture  anthrax  bacterin,  and  the  other  a  washed-culture  anthrax 
bacterin. 

The  intelligent  use  of  these  products  depends  on  a  knowledge  of 
the  efficacy  of  each  under  conditions  prevailing  in  the  field,  which 
include  the  presence  or  absence  of  anthrax  at  the  time,  the  previous 
existence  of  anthrax  on  the  premises,  the  degree  of  danger  of  infection 
that  is  impending,  the  history  and  virulence  of  the  outbreaks,  and 
other  pertinent  matters.  Taking  these  conditions  into  account  one 
should  select  the  biologic  from  the  standpoints  of  safety,  possibility 
of  sensitization,  rapidity  of  immunity  production,  and  the  degree  and 
duration  of  the  immunity  produced. 

OBJECT  OF  INVESTIGATION 

Although  it  had  been  reported  both  experimentally  and  from  the 
field  that  each  of  the  products  enumerated  was  capable  of  producing 
an  immunity  to  anthrax,  no  comparative  evaluations  had  been  made, 
so  far  as  the  writers  were  aware,  either  experimentally  or  through 
carefully  controlled  field  tests.  Accordingly,  to  obtain  information 
which  would  serve  as  a  rational  basis  for  the  proper  use  of  these  prod- 
ucts under  various  field  conditions,  the  writers  made  comparative 
evaluations  of  six  commercial  anthrax  biologies  or  combinations  of 
them  from  the  viewpoints  of  safety,  possibility  of  sensitization,  rapid- 
ity of  immunity  production,  and  the  degree  and  duration  of  the 
immunity  produced. 

The  phase  of  the  project  here  reported  on  was  conducted  under 
conditions  in  which  the  test  animals  had  had  no  previous  exposure 
to  or  contact  with  anthrax  infection.  Work  is  in  progress  on  compara- 
tive tests  under  experimental  conditions  wherein  vaccination  is  per- 
formed on  animals  which  have  been  previously  exposed  to  the  disease. 

EARLY  POTENCY  TESTS  WITH  ANTHRAX  BIOLOGICS 

It  appears  appropriate  to  review  some  earlier  potency  tests  of 
anthrax  biologies  that  were  conducted  by  the  senior  author  at  the 
Bureau's  Experiment  Station,  Bethesda,  Md.  For  the  most  part 
these  tests,  beginning  in  1925,  were  made  separately  rather  than  on 
a  comparative  basis  and  in  all  instances  were  conducted  for  the 
sole  purpose  of  determining  whether  the  products  possessed  im- 
munizing value. 

RESULTS  OF  TESTS 

Table  1  shows  the  results  of  a  potency  test  of  anthrax  aggressin 
on  cattle  and  horses.  Tables  2,  3,  4,  5,  and  6  show  the  results  of 
potency  tests  of  various  biologies  on  sheep.  Table  7  is  a  summary 
of  the  results  of  the  earlier  potency  tests  of  various  anthrax  biologies. 
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Table  1. — Results  of  potency  tests  of  anthrax  aggressin  on  cattle  and  horses 

[Exposure:  Subcutaneous  injection  of  3  cc  of  a  24-hour  bouillon  culture  of  Bacillus  anthracis  no.  8652,  Nov. 

20,  1925] 


Animals 
in 
test 

Vaccination 

Time  be- 
tween 
vaccina- 
tion and 
exposure 

Experimental  animals 

Date 
(1925) 

Quantity 

of 
aggressin 
injected 

Method  of 
injection 

Animals 
surviving 

Cattle: 

Number 
6 
4 

2 
2 

July  25 

Cc 

5 

Subcutaneous 

Days 
118 

Percent 

50 

0 

Horses: 

Aug.    8 

5 

Subcutaneous 

104 

50 

0 

Table  2. 


-Results  of  potency  tests  of  anthrax  aggressin  and  anthrax-spore  vaccine 
(2-injection)  on  sheep 


[Exposure:  Subcutaneous  injection  of  one-forty-thousandth  part  of  one  platinum  loop  of  24-hour  agar 
culture  growth  of  Bacillus  anthracis  Oct.  20,  1925] 


Experi- 
mental 
sheep 

Sheep 
in 
test 

Vaccination 

Time  be- 
tween 

vaccina- 
tion 
and 

exposure 

Sheep 

Biologic  used 

Date 

(1925) 

Quantity 
injected 

Method  of 
injection 

ing 

Principals. . 

Number 

f           6 
6 

3 
4 

Anthrax  aggressin 

do. 

Anthrax-spore  vaccine 
(2-injection) : 
fSporeno.  1 

Sept.  17 
—do 

—do 

Sept.  27 

Cc 
2 
5 

1 
1 

Subcutaneous... 
do 

do 

do 

Days 
33 
33 

}            S3 

Percent 
50 
33 

100 

Controls 

25 

Table  3. — Results  of  potency  test  of  anthrax  bacterin   (whole  culture)    on  sheep 
and  final  preliminary  titrations  of  the  exposure  culture  used 

[Exposure:  Subcutaneous  injection  of  1  cc  of  a  24-hour  bouillon  culture  of  Bacillus  anthracis  no.  1,  Feb. 

17, 1932] 

RESULTS   OF   POTENCY  TEST 


Sheep 
in  test 

Vaccination 

Time  be- 
tween 

vaccina- 
tion 
and  ex- 
posure 

Sheep 
surviv- 
ing 

Experimental  sheep 

Date 
(1932) 

Quantity 

of 
aggressin 
injected 

Method  of 
injection 

Principals . 

Number 
10 
5 

/Feb.     4 
IFeb.     5 

Cc 

}       » 

Subcutaneous 

Days 
1            12 

Percent 
}            40 
20 

Controls .      . 

RESULTS  OF  FINAL  PRELIMINARY  TITRATIONS  OF  THE  EXPOSURE  CULTURE 


Sheep  no. 

Quantity 
injected 

Date  of  injection  (1932) 

Result 

880 

Cc 
1.0 
1.0 
1.0 
.8 
.8 
.8 
1.0 
1.0 
1.0 

Jan.  21 

881 

do 

Do 

882 

Feb.  5 

Died  of  anthrax  Jan.  25. 

894 

896 

do 

Died  of  anthrax  Feb.  8. 

898 

do 

884 

Feb.  12. 

886 

.~— do— ~~— — — — — — 

887 

Do 
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Table  4. — Results  of  potency  tests  of  4  anthrax  biologies  on  sheep,  and  final  pre- 
liminary titration  of  the  exposure  culture  used 

[Exposure:  Subcutaneous  injection  of  3  cc  of  a  1:100  dilution  of  a  24-hour  broth  culture  of  Bacillus  anthracis 

no.  92,  June  6,  1932] 

EESULTS  OF  POTENCY  TEST 


Experi- 
mental 
sheep 

Sheep 
in 
test 

Vaccination 

Time  be- 
tween 
vaccina- 
tion 
and 
exposure 

Sheep 
surviv- 
ing 

Biologic  used 

Date 

(1932) 

Quantity 
injected 

Method  of 
injection 

Principals.. 
Controls 

Number 

(          5 
4 

1            2 
3 

7 

Anthrax  aggressin 

Anthrax    bacterin 

(whole  culture). 
Anthrax-spore  vaccine 

(intradermic). 
Anthrax-spore  vaccine 

(single  injection). 

Apr.  30 
...do 

Apr.  13 

...do 

Cc 
3 
10 

.25 

1 

Subcutaneous... 
do.... 

Intradermic 

Subcutaneous.  .. 

Days 
37 
37 

54 

54 

Percent 
60 
50 

100 

100 

57 

RESULTS  OF  FINAL  PRELIMINARY  TITRATION  OF  THE  EXPOSURE  CULTURE 


Sheep  no. 

Quantity 
injected 

Date  of  injection  (1932) 

Result 

965 

Cc 

3 
3 

May  31 

Died  of  anthrax  June  5. 

965A 

do 

Table  5. — Results  of  potency  tests  of  4  anthrax  biologies  on  sheep,  and  final  pre- 
liminary titration  of  the  exposure  culture  used 

[Exposure:  Subcutaneous  injection  of  1  cc  of  a  1:100  dilution  of  frozen  anthrax  culture  1864  M.  lot  1,  No  • 

12,  1932] 

RESULTS  OF  POTENCY  TEST 


Experi- 
mental 
sheep 

Sheep 
in 
test 

Vaccination 

Time  be- 
tween 

vaccina- 
tion 
and 

exposure 

Sheep 
surviv- 
ing 

Biologic  used 

Date 
(1932) 

Quantity 
injected 

Method  of 
injection 

Principals.. 

Number 

(           6 

6 

6 

\            6 
5 

I           6 
12 

Anthrax    bacterin 

(washed  culture) . 
Anthrax    bacterin 

(whole  culture) . 
Anthrax-spore  vaccine 

(intradermic) . 
Anthrax-spore  vaccine 

(single  injection). 

Oct.    13 

...do 

...do 

...do 

...do 

...do-... 

Cc 
2 

4 
5 
10 
.25 

2 

Subcutaneous.. . 

do. 

do 

do 

Intradermic 

Subcutaneous.  .. 

Days 
30 
30 
30 
30 
30 

30 

Percent 
83.3 

100.0 
33.3 
33.3 

100.0 

83.3 
41.7 

RESULTS  OF  FINAL  PRELIMINARY  TITRATION  OF  THE  EXPOSURE  CULTURE 


Sheep  no. 

Quantity 
injected 

Date  of  injection  (1932) 

Result 

1022         

Cc 
1 
1 

1 
1 
1 

Died  of  anthrax  Nov.  4. 

1025. 

do 

Remained  normal. 

1040 

"—do"'''— '"—-—— — 

Died  of  anthrax  Nov.  8. 

1046 

Died  of  anthrax  Nov.  5. 

1047... 

Died  of  anthrax  Nov.  4. 

1065 

do 

Remained  normal. 
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Table  6. — Results  of  potency  tests  of  anthrax-spore  vaccine  in  saponin  solution  on 
sheep,  and  results  of  final  preliminary  titration  of  exposure  culture  used 

[Exposure:  Subcutaneous  injection  of  1  cc  of  a  1:10  dilution  of  a  24-hour  broth  culture  of  Bacillus  anthracis 

no.  3733,  May  4,  1933] 

RESULTS  OF  POTENCY  TEST 


Sheep 
in  test 

Vaccination 

Time  be- 
tween 
vaccina- 
tion 
and  ex- 
posure 

Sheep 
surviv- 
ing 

Experimental  sheep 

Date 
(1932) 

Quantity 
injected 

Method  of 
injection 

Number 
6 
6 

Mar.  23 

Cc 
0.25 

Subcutaneous 

Days 
43 

Percent 
100 

50 

RESULTS  OF  FINAL  PRELIMINARY  TITRATIONS  OF  THE  EXPOSURE  CULTURE 


Sheep  no. 

Culture  injected 

Result 

Dilution 

Quantity 

Date  (1933) 

1199 

1:10 
1:10 
1:25 
1:25 

Cc 
1 
1 
1 

1 

Apr.  28 

Died  of  anthrax  May  2. 
Died  of  anthrax  May  1. 
Remained  normal. 

1204 

1197 

"-~~do"I~"II"I.~""~~" 

1192 

do 

Died  of  anthrax  May  5. 

Table  7. — Summary  of  the  results  of  early  potency  tests  of  various  anthrax  biologies 

(tables  1  to  6) 


Biologic 

Tests  con- 
ducted 

Animals  in  tests 

Animals  surviving  ex- 
perimental exposure 

Principals 

Controls 

Principals 

Controls 

Number 
3 
1 
3 
2 
1 
2 

1 

Number 
25 
12 
26 
7 
6 
9 
3 

Number 
17 
12 
24 
19 

6 
19 

4 

Percent 
48 
92 
38 
100 
100 
89 
100 

Percent 
29 

Anthrax  bacterin  (washed  culture) 

42 

Anthrax  bacterin  (whole  culture) 

42 

47 

Anthrax  spore  vaccine  in  saponin  solution 

Anthrax  spore  vaccine  (single  injection) 

Anthrax  spore  vaccine  (two  injections) 

50 

47 
25 

DISCUSSION  OF  EARLY  POTENCY  TESTS 

In  the  foregoing  tests,  anthrax  bacterin  (washed  culture),  anthrax- 
spore  vaccine  (intradermic),  anthrax-spore  vaccine  in  saponin  solution, 
anthrax-spore  vaccine  (single  injection),  and  anthrax-spore  vaccine 
(two  injections)  produced  well-marked  immunity  to  anthrax. 

The  results  of  the  tests  made  with  anthrax  aggressin  showed  that 
the  product  is  capable  of  producing  some  degree  of  immunity  to  an- 
thrax. In  these  tests,  however,  the  immunity  produced  was  not  so 
strong  as  that  conferred  by  the  living  anthrax-spore  vaccines  and  the 
anthrax  bacterin  (washed  culture). 

Although  anthrax  bacterin  (whole  culture)  increased  resistance  to 
anthrax  in  some  of  the  tests,  the  immunity  produced  was  less  than  that 
of  the  other  anthrax  biologies  tested. 

The  underactivity  of  the  exposure  dose  of  anthrax  culture  used  in 
the  tests  reported  in  table  4,  in  which  57  percent  of  the  controls  sur- 
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vived,  was  rather  disappointing  since  the  preliminary  titrations  indi- 
cated a  higher  degree  of  infectivity.  This  represents  but  one  of  a 
number  of  examples  of  the  instability  of  the  virulence  of  cultures  of 
Bacillus  anthracis  as  ordinarily  prepared,  which  prompted  the  use  in 
the  subsequent  immunity  tests  of  a  specially  prepared  culture  of  B. 
anthracis  which  had  been  found  to  be  of  stable  virulence. 

COMPARATIVE  EXPERIMENTS  WITH  ANTHRAX  BIOLOGICS 

To  obtain  definitely  comparable  data  on  anthrax  biologies,  the 
writers  conducted  a  series  of  experiments  in  1933  and  1934  at  the 
Bureau's  Experiment  Station,  Bethesda,  Md. 

BIOLOGICS  AND  TEST  ANIMALS  USED 

The  biologies  used  were  antianthrax  serum,  antianthrax  serum  and 
anthrax-spore  vaccine  used  in  combination,  anthrax-spore  vaccine 
(single  injection),  anthrax-spore  vaccine  (intradermic),  anthrax-spore 
vaccine  in  saponin  solution,  and  anthrax  bacterin  (washed  culture). 
These  were  all  of  commercial  manufacture  and  were  found  to  be  satis- 
factory to  such  laboratory  tests  as  were  applicable  to  each  product. 
The  size  of  dose  recommended  by  the  manufacturers  for  sheep,  the 
test  animals  employed  (fig.  1 ) ,  was  used  in  each  instance.  The  limited 
space  and  the  need  for  a  considerable  number  of  animals  for  each  test 
made  it  necessary  to  limit  the  investigation  to  the  number  of  products 
named. 

The  test  animals  were  2-year-old  Merino  wethers  of  uniform  weight 
and  in  good  condition  (fig.  2).  After  being  exposed  to  anthrax,  the 
sheep  were  housed  in  a  large,  tightly  screened,  concrete  barn  adjacent 
to  the  incinerator  (figs.  3  and  4). 

PLAN  OF  WORK 

To  obtain  the  desired  information,  tests  were  projected  to  compare 
the  immunities  produced  by  the  several  anthrax  biologies  at  intervals 
of  4,  14,  60,  120,  and  180  days  after  vaccination.  By  reason  of  the 
large  number  of  test  animals  involved,  the  work  was  divided  into  three 
experiments. 

Because  more  time  than  had  been  anticipated  was  consumed  in  the 
preliminary  titrations  of  the  exposure  culture  of  Bacillus  anthracis  to 
establish  a  satisfactory  infective  dose,  the  originally  planned  60-day 
interval  between  vaccination  and  exposure  had  to  be  lengthened  to 
108  days  and  the  120-day  interval  to  155  days.  Accordingly,  the  180- 
day  interval  was  lengthened  to  300  days,  and  the  need  for  replacement 
of  some  animals  caused  an  extension  to  360  days  in  some  cases. 

In  the  first  of  the  three  experiments  the  comparison  of  efficacy  was 
made  by  exposing  at  one  time,  to  the  same  previously  determined 
infective  dose  of  B.  anthracis  virus,  one  group  of  sheep  that  had  been 
vaccinated  with  various  anthrax  biologies  4  days  previously,  a  second 
group  vaccinated  16  days  previously,  and  a  third  group  vaccinated  108 
days  previously. 

In  the  second  experiment  a  group  of  sheep  that  had  been  vaccinated 
for  a  period  of  155  days  was  given  an  exposure  to  anthrax  equal  to  that 
of  the  first  experiment. 

In  the  third  experiment,  in  which  the  date  of  vaccination  was 
February  21,  1933,  a  group  of  sheep  that  had  been  vaccinated  for  a 
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period  of  300  days  was  given  a  similar  exposure  to  anthrax.  Within 
60  days  after  vaccination,  some  of  the  sheep  succumbed  to  intercurrent 
disease.     These  vacancies  were  filled  with  sheep  vaccinated  April  21, 


Figure  1.— A  group  of  the  sheep  used  in  the  comparative  immunity  tests  of  anthrax  biologies. 

1933.  Between  April  21  and  the  date  of  exposure  to  anthrax,  Febru- 
ary 16,  1934,  further  losses  were  sustained  from  intercurrent  disease 
but  the  animals  that  died  were  not  replaced.     Accordingly,  each  of  the 


Figure  2. 


-One  of  the  sheep,  a  2-year-old  Merino  wether,  illustrating  the  type  and  condition  of  the  test 
animals  used. 


vaccinated  groups  in  experiment  3  contained  fewer  than  the  originally 
planned  number  of  sheep,  and  some  groups  contained  sheep  that  were 
vaccinated  February  21  and  April  21,  1933,  representing  intervals 
between  vaccination  and  exposure  of  300  and  360  days.     Since  both 
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of  these  periods  materially  exceed  the  duration  of  the  usual  anthrax 
period,  from  6  to  9  months,  there  is  no  difference  in  the  significance  of 
the  data  for  300  days  and  for  360  days.  The  results  are  accordingly 
grouped. 

PREPARATION  OF  ANTHRAX  CULTURES  USED  FOR  EXPOSURE 

It  has  been  the  experience  of  the  writers,  as  well  as  others,  that 
success  in  conducting  anthrax-immunity  tests  depends  in  a  large 
measure  on  the  stability  of  the  exposure  material  that  is  to  be  used. 
It  is  a  well-known  fact  that  a  culture  of  anthrax  of  a  certain  degree  of 


jJNB^jnBMK^fij 

1   IHj 

'"  jfSH 

'._,:,;;■. ■  ;-»:'*";  v ;-■.-""      :  ''":... "'/''"' '■""'"-•       '.-■••        \    %  ■■  , 

Figure  3.— Barn  used  to  house  test  animals  exposed  to  anthrax;  incinerator  on  the  left. 

over  any  appreciable  period  by  the  means  ordinarily  used  for  main- 
taining cultures.  Recently  Reichel  and  Schneider  2  found  that  the 
infectivity  of  an  anthrax  culture  could  be  maintained  with  little 
change  by  holding  the  culture  in  a  frozen  state  from  the  time  of  its 
preparation  until  it  was  used.  The  exposure  culture  used  in  the  first 
experiment  and  designated  "Frozen  anthrax  culture  1864,  M.  lot  3" 
was  prepared  at  the  Mulford  Biological  Laboratories,  Sharp  &  Dohme, 
Glenolden,  Pa.,  and  was  made  available  for  this  investigation  through 
the  courtesy  of  John  Reichel,  the  director.  As  the  supply  of  this 
culture  became  exhausted,  a  new  lot,  designated  "Frozen  anthrax 
culture  1864,  B.  A.  I.  lot  1",  was  prepared  in  the  laboratory  of  the 
Pathological  Division,  Bureau  of  Animal  Industry,  following  the 
procedure  described  by  Drs.  Reichel  and  Schneider.2  This  lot  was 
used  in  the  second  and  third  experiments  and  was  prepared  in  the 
following  manner. 

Sheep  no.  993  was  inoculated  March  22,  1933,  with  1  cc  of  a  one- 
fiftieth  dilution  of  frozen  anthrax  culture  1864,  M.  lot  3,  and  died 
March  30,  1933.     A  culture,  on  plain  meat-infusion  agar,  recovered 

»  Reichel,  J.,  and  Schneider,  J.  E.    anthrax-protection  tests.    Jour.  Amer.  Vet.  Med.  Assoc.  82: 
376-388.     1933. 
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from  the  blood  of  the  ear,  was  transferred  at  24-hour  intervals  on 
March  31  and  April  1  and  2.  On  April  3,  the  entire  24-hour  growth 
on  a  %  by  5-inch  meat-infusion  agar  slant  was  removed  with  a  platinum 
loop  and  directly  transferred  to  3,000  cc  of  nutrient  broth  which  had 
been  previously  sterilized  in  a  narrow-mouthed  4,500-cc  bottle. 
After  15  hours'  incubation  at  37.5°  C,  the  bottle  was  promptly 
removed  from  the  incubator  and  handled  as  follows: 

(1)  Seven  hundred  and  fifty  cc  of  previously  filtered,  sterile  horse 
serum  was  added. 

(2)  The  culture  and  serum  were  shaken  vigorously  after  the  mouth 
of  the  bottle  had  been  closed  with  a  sterile  rubber  stopper. 


Figure  4.— Interior  view  of  barn  used  for  anthrax  experiments;  capacity  110  sheep. 

(3)  A  previously  sterilized  bottling  apparatus  was  fitted  to  the 
bottle,  aseptic  precautions  being  used. 

(4)  Immediately  before  commencing  bottling  operations  the  con- 
tents were  shaken  thoroughly,  this  step  being  repeated  in  the  middle 
of  the  bottling  procedure. 

(5)  Sixty  cc  of  the  serum-and-broth-culture  mixture  was  placed  in 
each  of  30  bottles  of  100-cc  capacity,  rubber-stopper  caps  being 
used. 

(6)  The  bottles  were  placed  in  beakers  and  packed  in  a  box  which 
was  put  in  the  freezer  at  —15°  C.  When  observed  4  hours  later  the 
product  was  not  uniformly  solidified,  but  after  20  hours  the  contents 
of  all  bottles  were  solidly  frozen. 

(7)  On  April  8,  the  frozen  product  in  bottle  no.  1  was  thawed  at 
room  temperature,  thoroughly  shaken,  diluted  50  times  with  saline, 
and  cultured  on  the  surface  of  meat-infusion  agar  in  Petri  dishes. 
The  colony  count  indicated  the  presence  of  180,000  organisms  per 
cubic  centimeter  of  undiluted  material.  No  colonies  of  organisms 
other  than  anthrax  were  observed. 
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PRELIMINARY  TESTS  OF  INFECTIVITY  OF  EXPOSURE  CULTURES  USED 

Because  of  the  importance  of  the  degree  of  infectivity  of  the  expo- 
sure culture  for  the  comparative  tests  that  were  to  be  undertaken,  a 
number  of  preliminary  titrations  were  made  of  the  two  lots  of  frozen 
anthrax  culture  in  order  to  establish  an  infective  dose  that  could  be 
depended  on  to  cause  death  from  anthrax  in  a  considerable  majority 
of  unvaccinated  animals  taken  from  the  same  lots  as  those  used  in 
the  tests  proper.  A  total  of  71  sheep  were  used  in  this  preliminary 
work. 

It  was  found  that  a  dose  of  1  cc  of  undiluted  anthrax  culture  1864, 
M.  lot  3,  administered  subcutaneously,  caused  death  regularly  in 
from  67  to  100  percent  of  the  sheep.  These  titrations  extended  over 
a  period  of  several  months,  during  which  time  no  appreciable  variation 
in  the  degree  of  infectivity  of  the  culture  was  noted.  A  subcutaneous 
injection  of  1  cc  of  this  culture  was  believed,  therefore,  to  constitute 
a  suitable  exposure  to  anthrax.  The  results  obtained  with  frozen 
anthrax  culture  1864,  B.  A.  I.  lot  1,  prepared  by  the  writers,  were 
found  to  be  in  close  conformity  with  those  obtained  with  the  frozen 
anthrax  culture  1864,  M.  lot  3,  prepared  by  Reichel  and  Schneider. 
A  subcutaneous  injection  of  1  cc  of  the  former  culture  was  considered, 
therefore,  to  constitute  an  exposure  to  anthrax  equal  to  that  of  the 
latter  culture. 

Inasmuch  as  all  the  animals  in  experiment  1,  consisting  of  96 
vaccinated  sheep  and  12  controls,  were  to  be  exposed  on  the  same  date, 
it  was  realized  that  approximately  2  hours  would  be  required  to 
administer  the  exposure  dose  to  this  number  of  animals,  which  would 
mean  that  the  time  between  thawing  the  exposure  culture  and  the 
actual  injection  into  the  sheep  would  vary  from  a  few  minutes  in  the 
case  of  the  first  sheep  exposed  to  approximately  2  hours  in  the  case 
of  the  last.  Accordingly,  this  time  factor  between  thawing  of  the 
culture  and  administration  was  taken  into  consideration  in  the 
titration  of  frozen  anthrax  culture  1864,  M.  lot  3.  The  injections 
were  made  over  a  period  of  2  hours,  and  the  culture  was  kept  in  an  ice- 
water  bath  in  the  meantime.  The  results  of  the  titration  indicated  no 
difference  in  the  infectivity  of  the  culture  when  used  immediately  after 
thawing  or  2  hours  afterward.  Table  8  shows  the  last  preliminary 
titrations  of  the  exposure  cultures  used  in  the  three  experiments. 

In  the  titrations  of  the  exposure  culture  used  in  experiment  1, 
two  bottles,  each  containing  60  cc,  were  thawed  at  room  temperature, 
thoroughly  shaken,  and  the  entire  contents  poured  into  a  500-cc 
sterile  Erlenmeyer  flask  and  thoroughly  mixed.  In  the  titrations  of 
the  exposure  cultures  used  in  experiments  2  and  3,  the  procedure  was 
the  same  except  that  4  bottles  of  the  culture,  instead  of  2,  were  used 
in  each  titration.  To  make  the  dilution  of  1:2%,  4  cc  of  the  mixed 
culture  was  placed  in  a  sterile  wide-mouthed  bottle  and  6  cc  of 
sterile  saline  solution  added. 

In  connection  with  the  third  experiment,  a  preliminary  titration 
was  made  February  5,  1934,  of  the  frozen  anthrax  culture  1864, 
B.  A.  I.  lot  1,  by  injecting  subcutaneously  into  each  of  five  sheep  1 
cc  of  the  undiluted  cultui  3.  One  of  the  five  sheep  died  of  anthrax  on 
February  9.  The  remaining  four  became  visibly  sick  but  recovered. 
The  underactivity  of  the  exposure  culture  in  this  titration  appeared 
to  be  due  to  the  low  temperature,  —10°  F.,  that  prevailed  at  the  time, 
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since  in  the  final  preliminary  titration  (table  8)  when  the  temperature 
was  24°,  all  the  sheep  succumbed  to  anthrax  from  the  same  quantity 
of  the  same  culture.  Also  in  the  preliminary  titration  of  the  same 
exposure  culture  made  in  July  (table  8),  57  percent  of  the  animals 
died. 

Table  8. — Results  of  final  preliminary  titrations  for  infectivity  of  frozen  anthrax 
cultures  used  in  experiments  1,  2,  and  8 

[l-ce  amounts  injected  subcutaneously] 

EXPERIMENT  1— FROZEN  ANTHRAX  CULTURE  1864,  M.  LOT  3,  INJECTED 

MAY  29,  1933 


Sheep  no. 

Dilution  of  virus 

Time  of 
injection 

Results 

1305 

Undiluted-. ..  .. 

2:30  p.  in.. 
.— do 

3:30  p.m.- 
— do 

4:35  p.  m.. 
— do 

2:30  p.m.. 

3:30  p.  m._ 
— do 

4:35  p.m.. 

1306 

1307 

do 

do 

Remained  normal. 

1308 

1309 

do 

do 

Remained  normal. 

1310 

1301 

do 

1:2H 

Died  of  anthrax  June  5. 

1302 

do 

1303 

1304 „ 

do 

do 

Do. 

EXPERIMENT  2— FROZEN  ANTHRAX  CULTURE  1864,  B.  A.  I.  LOT  1,  INJECTED  JULY  14, 

1933 


1387 

Undiluted 

Died  of  anthrax  July  18. 
Died  of  anthrax  July  16. 

1382. 

...    do 

1381 

..  do— . 

1384 

1:2H 

Do. 

1386 

....  do 

Do. 

1383.. 

do 

Died  of  anthrax  July  17. 
Died  of  anthrax  July  18. 

1390.. 

do 

EXPERIMENT  3.— FROZEN  ANTHRAX  CULTURE  1864,   B.  A.  I.  LOT  1,  INJECTED  FEB. 

12,  1934 


1444 

Undiluted 

1445-. 

do 

Died  of  anthrax  Feb.  15. 

1446... 

do 

Died  of  anthrax  Feb.  14. 

TESTS  OF  EFFICACY  OF  BIOLOGICS 

Table  9  presents  the  conditions  and  results  of  the  tests  involving 
the  six  anthrax  biologies  when  the  sheep  were  exposed  to  anthrax 
4,  16,  108,  155,  300,  and  360  days  after  vaccination.  Observations 
were  made  for  periods  of  28,  31,  and  30  days  in  experiments  1,  2, 
and  3,  respectively.  As  in  the  preliminary  titration,  the  time  at 
which  deaths  occurred  among  the  controls  in  the  test  proper  gave 
no  indication  of  any  difference  in  the  infectivity  of  the  exposure 
culture  so  far  as  the  time  interval  between  thawing  and  inoculation 
was  concerned. 
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Table  9. — Results  of  comparative  tests  of  6  anthrax  biologies  on  sheep 

EXPERIMENT  1.- EXPOSURE  4,  16,  AND  108  DAYS  AFTER  VACCINATION;  SUBCUTA- 
NEOUS INJECTION  OF  1  CC  OF  FROZEN  ANTHRAX  CULTURE  1864,  M.  LOT  3,  JUNE  9, 


Experi- 
mental 
sheep 

Sheep 
in  test 

Vaccination 

Time  be- 
tween 
vaccina- 
tion and 
exposure 

Sheep 
sur- 
viving 

Date 
(1933) 

Biologic  used 

Quan- 
tity in- 
jected 

Method  of  in- 
jection 

Number 
6 

6 

6 

6 

6 
6 
6 

6 

6 

6 

6 
6 
6 

6 

6 

6 

12 

June    5 

...do 

...do 

—do 

...  do— - 

--do 

May  24 

—do 

...  do.— 

—do 

-.do 

-.-do 

Feb.  21 

—do 

...do 

—do 

Anthrax     bacterin     (washed 
culture). 

Anthrax-spore  vaccine  in  sa- 
ponin solution. 

Anthrax-spore  vaccine  (intra- 
dermic) . 

Anthrax-spore  vaccine  (single 
injection) . 

Cc 
4 

.25 

.50 

2 

20 
10 

1 

4 

.25 

.5 

2 

20 
10 

1 

4 

.5 
2 

10 

1 

Subcutaneous. 
do 

Intradermic— 

Subcutaneous- 

do 

}.— do 

do 

do 

Intradermic— 

Subcutaneous. 

do 

}— -do 

do 

Intradermic-  „ 

Subcutaneous- 

}— do 

Bays 
4 

16 

|          108 

Per- 
cent 
33 

50 
100 

67 
100 

[Antianthrax  serum  and 

67 

Principals. 

Anthrax     bacterin     (washed 
culture) . 

Anthrax-spore  vaccine  in  sa- 
ponin solution. 

Anthrax-spore  vaccine  (intra- 
dermic) . 

Anthrax-spore  vaccine  (single 
injection) . 

100 
100 
100 
67 
50 

/Antianthrax  serum  and 

100 

Anthrax     bacterin     (washed 

culture) . 
Anthrax-spore  vaccine  (intra- 

dermic). 
Anthrax-spore  vaccine  (single 

injection) . 
[Antianthrax  serum  and 

17 
100 
83 
83 

25 

EXPERIMENT  2.— EXPOSURE  155  DAYS  AFTER  VACCINATION;  SUBCUTANEOUS  IN- 
JECTION OF  1  CC  OF  FROZEN  ANTHRAX  CULTURE  1864,  B.  A.  I.  LOT  1,  JULY  26,  1933 


(         6 

Feb.  21 

Anthrax     bacterin     (washed 
culture). 

4 

Subcutaneous. 

/       50 

6 

— do— - 

Anthrax-spore  vaccine  in  sa- 
ponin solution. 

.25 

do 

67 

Principals . 

6 

...do— . 

Anthrax-spore  vaccine  (intra- 
dermic) . 

.5 

Intradermic— 

155 

83 

6 

...do 

Anthrax-spore  vaccine  (single 
injection). 

2 

Subcutaneous. 

67 

6 

...do- 

[Antianthrax  serum  and 

10 

}-— do. 

50 

1 

12 

17 

r 

EXPERIMENT  3.— EXPOSURE  300  AND  360  DAYS  AFTER  VACCINATION;  SUBCUTANE- 
OUS INJECTION  OF  1  CC  OF  FROZEN  ANTHRAX  CULTURE  1864,  B.  A.  I.  LOT  1,  FEB. 
16,  1934 


Prineipals. 

3 

3 
2 
3 
2 
3 
2 

1 

4 

6 

Feb.  21 

...do 

Apr.  21 
Feb.  21 
Apr.  21 
Feb.  21 
Apr.  21 

.Feb.  21 
Apr.  21 

Anthrax     bacterin     (washed 

culture) . 
\ Anthrax-spore  vaccine  in  sa- 
/    ponin  solution. 
S  Anthrax-spore  vaccine  (intra- 
/    dermic). 

1  Anthrax -spore  vaccine  (single 
J    injection). 

/Antianthrax  serum  and 

1  Anthrax-spore  vaccine 

[Antianthrax  serum  and 

\  Anthrax  -spore  vaccine 

4 

/      .25 
I      .25 

{  :8 

f 

10 

1 

10 

1 

Subcutaneous. 

do— 

do 

Intrademic — 
do 

Subcutaneous . 

do 

}— -  do 

}....do 

300  and 
360 

/        33 

80 

|       100 

100 

1        40 
33 
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DISCUSSION  OF  COMPARATIVE  TESTS 


Anthrax  organisms  were  recovered  from  the  blood  of  each  sheep 
that  died  with  the  exception  of  two,  one  of  which  was  exposed  16 
days  and  the  other  108  days  after  vaccination  with  anthrax-spore 
vaccine  (single  injection).  The  failure  to  recover  the  anthrax  organ- 
isms in  these  two  instances  was  in  the  writers '  opinion  due  to  the 
culturing  of  an  inadequate  quantity  of  blood.  Subsequent  tests 
showed  that  a  light  swab  of  blood  might  fail  to  reveal  the  anthrax 
organism,  whereas  a  heavy  swab  of  the  same  blood  gave  positive 
results.  For  this  reason  the  collection  of  blood  from  the  ear,  the 
method  used  in  the  case  of  the  two  sheep  in  question,  was  discontinued 
in  favor  of  collection  from  the  axillary  space,  where  ample  blood  could 
be  obtained.  In  no  case  were  any  iU  effects  observed  from  the  injec- 
tion of  the  biologies. 

None  of  the  anthrax  biologies  produced  a  sensitization  to  anthrax 
that  was  evident  4  days  after  vaccination.  All  the  anthrax  biologies 
produced  an  increased  resistance  to  anthrax  that  was  demonstrable 
4  days  after  vaccination.  A  difference  in  the  rapidity  with  which 
increased  resistance  to  anthrax  was  established  was  noted  in  favor  of 
the  antianthrax  serum  and  the  anthrax-spore  vaccine  (intradermic). 

All  the  anthrax  biologies  produced  an  increased  resistance  to  anthrax 
demonstrable  at  16  days  after  vaccination.  The  immunity  conferred 
by  antianthrax  serum  appeared  to  be  on  the  wane  at  this  time.  The 
immunity  conferred  by  the  killed-culture  anthrax  products  was  equal, 
at  16  days  after  vaccination,  to  that  produced  by  the  living-spore 
vaccines. 

The  immunity  conferred  by  the  living-spore  vaccines  was  well 
maintained  108  days  after  vaccination,  especially  that  produced  by 
anthrax-spore  vaccine  (intradermic). 

The  immunity  conferred  by  the  living-spore  vaccines,  especially 
anthrax-spore  vaccine  (intradermic),  was  well  maintained  at  155 
days. 

The  immunity  conferred  by  the  living-spore  vaccines  was  especially 
well  maintained  at  300  and  360  days  in  the  instances  of  the  anthrax- 
spore  vaccines  (single  injection)  and  the  anthrax-spore  vaccine 
(intradermic),  and  was  well  maintained  also  in  the  instance  of  the 
anthrax-spore  vaccine  in  saponin  solution.  No  appreciable  immunity, 
however,  remained  in  the  animals  vaccinated  with  antianthrax  serum 
and  anthrax-spore  vaccine  used  in  combination. 

The  anthrax  bacterin  (washed  culture)  at  108  days  failed  to  afford 
any  protection,  whereas  at  155  days  distinct  protection  was  afforded. 
The  writers  have  no  explanation  to  offer  for  this  unusual  result. 
However,  at  360  days  protection  could  not  be  demonstrated  with  the 
number  of  sheep  used,  the  lot  being  smaller  than  in  the  case  of  the 
other  products  in  this  same  group. 

SUMMARY  AND  CONCLUSIONS 

The  results  of  early  experimental  tests,  beginning  in  1925,  with 
various  anthrax  biologies  indicated  that  several  produced  well-marked 
immunities  to  anthrax.  Cattle,  horses,  and  sheep  were  used  as  test 
animals.  The  biologies  which  produced  well-marked  immunity  were: 
Anthrax  bacterin  (washed  culture),  anthrax-spore  vaccine  (intra- 
dermic),  anthrax-spore  vaccine  in  saponin  solution,   anthrax-spore 
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vaccine  (single  injection),  and  anthrax-spore  vaccine  (double  injec- 
tion). Anthrax  aggressin  produced  a  lesser  degree  of  immunity,  and 
anthrax  bacterin  (whole  culture)  produced  comparatively  little. 

To  obtain  specific  information  on  a  comparative  basis,  a  series  of 
experiments  with  six  types  of  anthrax  immunizing  agents  was  con- 
ducted in  1933-34.  The  biologies  were:  Antianthrax  serum,  anti- 
anthrax  serum  and  anthrax-spore  vaccine  in  combination,  anthrax- 
spore  vaccine  (single  injection),  anthrax-spore  vaccine  (intradermic), 
anthrax-spore  vaccine  in  saponin  solution,  and  anthrax  bacterin 
(washed  culture).  These  products  were  subjected  to  comparative 
tests  to  determine  their  relative  safety,  sensitizing  effect,  rapidity  of 
immunity  production,  and  the  degree  and  duration  of  immunity 
which  they  produced  under  experimental  conditions  in  which  the 
test  animals  had  had  no  previous  contact  with  or  exposure  to  anthrax 
infection. 

This  information  was  sought  through  a  comparison  of  the  immuni- 
ties produced  by  these  biologies  at  4,  16,  108,  155,  300,  and  360  days 
after  vaccination.  The  test  animals  exposed  4,  16,  and  108  days  after 
vaccination  were  injected  with  the  same  anthrax  culture  at  the  same 
time.  The  animals  exposed  155,  300,  and  360  days  after  vaccination 
received  an  equal  injection  through  the  use  of  a  culture  prepared 
from  the  same  culture  of  Bacillus  anthracis  and  in  the  same  manner 
as  the  exposure  culture  used  in  the  first  three  groups.  Preliminary 
titrations  showed  these  exposure  cultures  to  be  equal  in  infectivity. 

A  total  of  250  sheep  were  used  in  the  three  experiments,  71  of  which 
were  used  in  the  titrations  of  the  exposure  cultures,  149  were  vacci- 
nated animals,  and  30  were  used  as  controls. 

With  antianthrax  serum  there  were  100-percent  survivals  at  4 
days  and  50-percent  survivals  at  16  days  after  vaccination,  as  com- 
pared with  25-percent  survivals  in  the  control  group. 

With  antianthrax  serum  and  anthrax-spore  vaccine  in  combination 
there  were  67-percent  survivals  at  4  days,  100  percent  at  16  days,  and 
83  percent  at  108  days,  as  compared  with  25-percent  survivals  in  the 
control  group.  At  155  days  there  were  50-percent  survivals,  as  com- 
pared with  17-percent  survivals  in  the  control  group.  At  300  and 
360  days  there  were  40-percent  survivals,  as  compared  with  33-per- 
cent survivals  in  the  control  group. 

With  anthrax-spore  vaccine  (single  injection)  there  were  67- 
percent  survivals  at  4  and  16  days  and  83-percent  survivals  at  108 
days,  as  compared  with  25-percent  survivals  in  the  control  group. 
At  155  days  there  were  67-percent  survivals,  as  compared  with  17- 
percent  survivals  in  the  control  group,  and  at  300  and  360  days  there 
were  100-percent  survivals,  as  compared  with  33-percent  survivals  in 
the  control  group. 

With  anthrax-spore  vaccine  (intradermic)  there  were  100-percent 
survivals  at  4,  16,  and  108  days,  as  compared  with  25-percent  sur- 
vivals in  the  control  group.  At  155  days  there  were  83-percent  sur- 
vivals, as  compared  with  17-percent  survivals  in  the  control  group. 
At  300  and  360  days  there  were  100-percent  survivals,  as  compared 
with  33-percent  survivals  in  the  control  group. 

With  anthrax-spore  vaccine  suspended  in  saponin  solution  there 
were  50-percent  survivals  at  4  days  and  100-percent  survivals  at  16 
days,  as  compared  with  25-percent  survivals  in  the  control  group. 
At  155  days  there  were  67-percent  survivals,  as  compared  with  17- 
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percent  survivals  in  the  control  group,  and  at  300  and  360  days  there 
were  80-percent  survivals,  as  compared  with  33-percent  survivals  in 
the  control  group. 

With  anthrax  bacterin  (washed  culture)  there  were  33-percent 
survivals  at  4  days,  100-percent  at  16  days,  and  17-percent  survivals 
at  108  days,  as  compared  with  25-percent  survivals  in  the  control 
group.  At  155  days  there  were  50-percent  survivals,  as  compared 
with  17-percent  survivals  in  the  control  group,  and  at  300  and  360 
days  there  were  33-percent  survivals,  as  compared  with  33-percent 
in  the  control  group. 

None  of  the  biologies  used  for  vaccinating  produced  any  ill  effects 
on  the  test  animals.  None  of  the  biologies  produced  any  sensitization 
to  anthrax  that  was  demonstrable  in  the*se  tests. 

The  results  obtained  must  be  considered  in  the  light  that  none  of 
the  test  animals  had  had  any  previous  contact  with  or  exposure  to 
anthrax  infection  whatsoever. 


ORGANIZATION  OF  THE  UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WHEN  THIS  PUBLICATION  WAS  LAST  PRINTED 


Secretary  of  Agriculture Henry  A.  Wallace. 

Under  Secretary Rexford  G.  Tugwell. 

Assistant  Secretary M.  L.  Wilson. 

Director  of  Extension  Work C.  W.  Warburton. 

Director  of  Personnel • W.  W.  Stockberger. 

Director  of  Information M.S.  Eisenhower. 

Director  of  Finance W.  A.  Jump. 

Solicitor Seth  Thomas. 

Agricultural  Adjustment  Administration Chester  C.  Davis,  Administrator. 

Bureau  of  Agricultural  Economics Nils  A.  Olsen,  Chief. 

Bureau  of  Agricultural  Engineering S.  H.  McCrory,  Chief. 

Bureau  of  Animal  Industry John  R.  Mohler,  Chief. 

Bureau  of  Biological  Survey J.  N.  Darling,  Chief. 

Bureau  of  Chemistry  and  Soils H.  G.  Knight,  Chief. 

Office  of  Cooperative  Extension  Work C.  B.  Smith,  Chief. 

Bureau  of  Dairy  Industry O.  E.  Reed,  Chief. 

Bureau  of  Entomology  and  Plant  Quarantine-  Lee  A.  Strong,  Chief. 

Office  of  Experiment  Stations James  T.  Jardine,  Chief. 

Food  and  Drug  Administration Walter  G.  Campbell,  Chief. 

Forest  Service Ferdinand  A.  Silcox,  Chief. 

Grain  Futures  Administration J.  W.  T.  Duvel,  Chief. 

Bureau  of  Home  Economics Louise  Stanley,  Chief. 

Library Claribel  R.  Barnett,  Librarian. 

Bureau  of  Plant  Industry , Frederick  D.  Richey,  Chief. 

Bureau  of  Public  Roads Thomas  H .  Mac  Donald,  Chief. 

Weather  Bureau Willis  R.  Gregg,  Chief. 


This  bulletin  is  a  contribution  from 

Bureau  of  Animal  Industry John  R.  M ohler,  Chief . 

Pathological  Division H.  W.  Schoening,  Principal  Vet- 
erinarian, Chief. 

16 


U.  S.  GOVERNMENT   PRINTING  OFFICE:  19  35 


For  sale  by  the  Superintendent  of  Documents,  Washington,  D.  C. Price  5  cents 


Technical  Bulletin  No.  467 


April  1935 


THE  CRESTED  MYNA,  OR 

CHINESE  STARLING,  IN 
THE  PACIFIC  NORTHWEST 


By 
THEO.  H.  SCHEFFER 

Associate  Biologist 
and 

CLARENCE  COTTAM 

Biologist 
Division  of  Wildlife  Research,  Bureau  of  Biological  Surrey 


United  States  Department  of  Agriculture,  Washington,  D.  C. 


For  sale  by  the  Superintendent  of  Documents,  Washington,  D.  C.    -      -------------    Price  5  cents 


Technical  Bulletin  No.  467 


April  1935 


UNITED  STATES  DEPARTxMENT  OF  AGRICULTURE 
WASHINGTON,  D.  C. 


THE  CRESTED  MYNA,  OR  CHINESE 

STARLING,  IN  THE  PACIFIC 

NORTHWEST 

By  Theo.  H.  Scheffer,    associate  biologist,  and  Clarence  Cottam,    biologist 
Division  of  Wildlife  Research,  Bureau  of  Biological  Survey 


CONTENTS 


Page 

Introduction 1 

The  crested  myna  in  British  Columbia 1 

Starlings  in  other  lands 4 

Description  and  habits  of  the  crested  myna--  5 

Color,  flight,  and  gait 5 

Call  notes 5 

Xests  and  nesting  habits .5 

Dispersal,  flocking,  and  roosting  habits 6 

Relation  to  other  species.  _ 7 

Possibility  of  increase  and  spread 8 


Page 

Food  habits  in  British  Columbia-  9 

Laboratory  analyses  of  stomachs 9 

Field  observations 9 

Food  of  adult  birds 10 

Food  of  juveniles 18 

Variety  of  items  in  tha  food 22 

Food   of   Chinese   an  J    European   starlings 

compared 22 

Summary 24 

Bibliography 25 


INTRODUCTION 

The  crested  myna,  or  Chinese  starling,  a  bird  native  to  central  and 
southern  China,  is  one  of  several  members  of  the  starling  family 
(Sturnidae)  that  have  been  established  at  points  outside  their  native 
habitat.  Their  introduction  into  new  lands  has  been  either  as  cage 
birds  that  later  managed  to  escapeinto  the  wild,  or  as  avian  immigrants 
brought  in  for  the  control  of  an  insect  pest,  or  perhaps  for  purely 
sentimental  reasons.  Three  species  of  starlings  are  now  established 
in  the  United  States  or  its  Territories,  as  follows:  The  European 
starling  (Sturnus  vulgaris),  over  much  of  the  middle-eastern  and 
northeastern  sections  of  continental  United  States  and  southern 
Canada  since  its  successful  introduction  about  1890  and  later,  as 
reported  by  Kalmbach  and  Gabrielson  (16,  p.  4)',1  the  Indian,  or 
house,  myna  (Acridotheres  tristis),  in  Hawaii;  and  the  crested  myna 
(Aethiopsar  cristatellus) ,  in  the  Philippines. 

THE  CRESTED  MYNA  IN  BRITISH  COLUMBIA 

The  crested  myna  has  become  thoroughly  established  also  in  North 
America,  with  the  city  of  Vancouver,  British  Columbia,  as  its  main 
stronghold  and  central  point  of  dispersal.    Nothing  is  definitely  known 

i  Italic  numbers  in  parentheses  refer  to  the  Bibliography,  pp.  25-26. 
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regarding  its  manner  of  introduction  into  British  Columbia  nor  the 
exact  time  when  it  arrived.  According  to  Munro  (24,  p.  32),  one  story 
relates  that  a  large  wicker  cage  containing  a  number  of  these  birds, 
consigned  to  a  Japanese  resident,  was  broken  open  in  transit  from 
one  of  the  oriental  liners  and  that  the  birds  escaped.  Phillips  (26, 
p.  55)  suggests  "that  some  irate  skipper  had  tired  of  his  noisy  pas- 
sengers and  put  them  ashore  at  the  first  port  of  call."  Other  accounts 
suggestthat  its  establishment  resulted  from  a  deliberate  attempt  by 
some  oriental  resident  to  perpetuate  memories  of  the  homeland.  Grin- 
nell  (11,  p.  170)  relates  that  "it  is  frequently  brought  into  North 
America  from  the  Orient  as  a  cage  bird."  Cumming  (6,  p.  188)  notes 
that  about  the  time  of  its  North  American  introduction,  the  bird 
was  being  imported  into  European  countries  in  large  numbers  and 
sold  under  the  trade  name  "Hill  Mynah."  At  the  time  of  its  importa- 
tion there  was  neither  Federal  law  nor  international  treaty  to  regulate 
the  introduction  of  exotic  birds  or  mammals  into  Canada  or  the 
United  States. 

According  to  Caldwell  and  Caldwell  (3,  p.  12),  writing  on  the 
crested  myna  and  other  birds  of  central  and  southern  China,  the 
myna's  "sociable  and  confiding  nature  [has]  greatly  endeared  it  to 
the  Chinese  people."  As  a  cage  bird  it  has  found  favor  not  only  at 
home  but  in  other  lands  also,  including  Taiwan  (Formosa),  where, 
according  to  Wood  (35,  p.  132),  it  has  been  liberated  and  is  now  in 
the  wild.  Because  the  myna  is  so  common  as  an  introduced  cage 
bird  in  Japan,  it  has  been  frequently  referred  to  in  British  Columbia 
as  the  "Japanese  starling." 

EARLY  RECORDS  OF  OCCURRENCE 

Kermode  (19,  p.  20),  states  that  his  first  record  of  this  myna  was 
a  specimen  he  himself  collected  in  1904,  near  the  waterfront  in  the 
city  of  Vancouver.  (Kermode's  report  was  reviewed  by  Taverner 
(19).)  When  the  matter  was  thus  brought  to  attention,  a  resident  of 
the  city  reported  that  he  had  seen  two  pairs  of  the  birds  as  early  as 
1897.  This  earlier  date  is  further  confirmed  by  T.  P.  O.  Menzies, 
secretary-curator  of  City  Museum  of  Vancouver,  who  wrote  Marcia 
B.  Bready  (1,  p.  37)  that  V.  W.  Mitchell  also  reported  seeing  two 
pairs  at  Vancouver  the  same  year.  Brooks  and  Swarth  in  1925  (2,  p. 
126)  also  reported  that  the  bird  was  known  to  be  there  in  1897. 

Brooks  is  quoted  by  Wood  (35,  p.  133)  as  first  seeing  the  bird  in 
British  Columbia  sometime  during  1903,  and  stating  that  it  was  then 
scarce.  It  must  have  been  extremely  uncommon  for  a  number  of 
years,  as  K.  E.  Gosnell,  secretary  of  the  Bureau  of  Provincial  Informa- 
tion, does  not  include  it  in  his  published  list  of  birds  (10),  known  to 
occur  in  the  Province  in  1903.  Neither  does  Kermode  (18)  list  it. 
Macoun  and  Macoun  (21)  make  no  mention  of  the  crested  myna 
in  Canada  in  1909.  As  late  as  1923  Eliot  (8)  fails  to  place  it  in  the 
British  Columbia  list. 

LATER  RANGE  AND  ABUNDANCE 

In  1920  Kermode  (19,  p.  21)  estimated  the  number  of  crested  mynas 
in  Vancouver  frequenting  the  main  winter  roost  at  about  1,200.  This 
was  at  the  busiest  part  of  the  city,  at  the  intersection  of  Carroll  and 
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Cordova  Streets.  In  January  1921  Munro  (23,  p.  16)  wrote  that  the 
birds  had  then  spread  to  the  southeast  as  far  as  New  Westminster. 
Peak  numbers  in  the  Vancouver  district  in  1925  were  placed  by  dim- 
ming (6,  p.  188)  at  6,000  to  7,000.  As  early  as  the  1921  Christmas 
bird  census,  Racey  (27,  p.  20)  found  the  myna  the  dominant  land  bird 
in  Vancouver.  The  territory  occupied  at  that  time  included  Vancou- 
ver and  its  environs,  a  district  extending  perhaps  20  miles  east  and 
west  and  about  the  same  distance  north  and  south.  Within  these 
limits  are  North  Vancouver,  across  Burrard  Inlet;  Sea  Island^ Lulu 
Island,  and  other  parts  of  the  Fraser  River  delta;  New  Westminster 
and  Coquitlam  on  the  east;  and  Ladner  on  the  south. 

Cumming  (6,  p.  189)  reported  in  1925  that  the  movement  of  the 
species  has  been  to  the  southeast,  where  land  had  been  cleared  along 
the  Pacific  highway.  He  further  stated  that  the  younger  birds  prob- 
ably kept  the  lead,  as  specimens  collected  were  usually  birds  of  the 
previous  year.  More  recent  information  indicates  an  expansion  of 
occupied  territory  and  also  suggests  that  erratic  wanderers  may  be 
seen  far  from  their  designated  range.  Kelly  (17,  p.  14)  records  that 
the  Vancouver  colony  at  that  time  exceeded  20,000  birds  and  that 
individuals  had  been  seen  across  the  international  boundary  as  far 
south  as  Bellingham,  Wash. 

Menzies  in  March  1927  wrote  Mrs.  Bready  (1,  p.  37)  that — 

These  birds  have  increased  considerably  during  the  past  few  years  and  now  form 
a  very  large  colony  at  the  corner  of  Carroll  and  Cordova  Streets,  the  most  busy 
section  of  this  city  (Vancouver)  where  there  are  absolutely  no  trees  and  where 
they  nest  in  the  eaves  of  the  buildings.  They  have  gradually  spread,  in  small 
colonies,  as  far  east  as  Coquitlam  and  south  toward  the  borders  of  Washington. 
The  numbers  have  increased  to  thousands,  but  always  seem  to  keep  in  colonies 
and  are  never  far  from  the  habitations  of  man.  Away  from  the  Carroll  Street 
colony,  all  small  colonies  use  the  old  burnt  forest  stumps  as  their  nesting  place  and 
defend  these  favorite  stumps  in  a  very  aggressive  manner,  taking  complete  charge, 
but  otherwise  do  not  seem  aggressive  to  other  birds  nesting  in  the  close  vicinity. 

Munro  (25,  p.  30)  writes  that  a  great  increase  of  the  species  had 
taken  place  in  1930  and  that  the  center  of  abundance  remained  within 
the  agricultural  area  adjoining  the  mouth  of  the  Fraser  River,  but  that 
the  overflow  from  this  area  had  worked  eastward,  "  *  *  *  New 
Westminster  being  the  farthest  point  at  which  the  species  is,  or  has 
been,  at  all  common  and  Chilliwack,  80  miles  from  Vancouver,  the 
farthest  outpost  where  single  individuals  have  been  observed. "  He 
added  that  wherever  found,  the  birds  were  restricted  to  agricultural 
areas. 

Gabrielson  (9,  p.  105),  Wood  (35,  p.  135),  and  Cooke  (4,  p.  2;  5,  p.  2) 
all  report  that  a  single  individual  was  observed  in  Portland,  Oreg.,  in 
February  1924.  This  may  have  been  an  escaped  cage  bird,  though 
Gabrielson  visited  all  the  known  dealers  of  cage  birds  in  the  city,  but 
could  learn  nothing  of  its  origin. 

On  August  13,  1929,  about  1  mile  from  the  head  of  Lake  Washing- 
ton on  Sammamish  River,  Wash.,  Frederick  W.  Cook  (letters  of 
August  1929  and  March  1933)  observed  under  favorable  conditions  a 
flock  of  12  crested  mynas.  On  two  later  trips  to  the  same  locality  he 
was  unable  to  find  the  birds,  and  they  have  not  been  seen  there  since 
that  date. 
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INVESTIGATIONS  OF  PRESENT  STATUS 

Under  special  authorization  from  the  United  States  Department  of 
Agriculture,  the  senior  author,  late  in  the  summer  of  1931  and  in 
succeeding  months,  undertook  to  determine  the  present  status  of  this 
introduced  bird,  particularly  with  reference  to  its  possible  spread  into 
the  United  States.  He  had  opportunity  to  prosecute  the  field  studies 
during  parts  of  August,  October,  and  December  1931,  and  in  May  and 
June  1932.2  Laboratory  examination  of  the  contents  of  stomachs  and 
deductions  therefrom  were  made  subsequently  by  the  junior  author. 

STARLINGS  IN  OTHER  LANDS 

Wood  (35,  j).  132)  shows  that  before  the  crested  myna  was  success- 
fully introduced  into  the  Philippine  Islands  and  Taiwan,  three  or  more 
attempts  had  been  made  in  the  Philippine  Islands  by  the  Spanish 
Government  between  1849  and  1852  to  establish  the  species.  The 
hope  was  that  the  birds  would  reduce  the  numbers  of  locusts  that  were 
and  still  are  a  serious  agricultural  pest  there.  It  appears  that  the 
myna's  spread  has  largely  been  confined  to  towns  in  the  vicinity  of 
Manila. 

The  history  of  the  introduction  and  spread  into  foreign  lands  of  other 
members  of  the  starling  family  shows  that  in  the  majority  of  cases  more 
harm  than  good  has  resulted.  Stoner  (32,  p.  328)  shows  that  the 
common  house  myna  (Acridotheres  tristis)  is  now  a  pest  where  it  has 
been  introduced  into  the  Hawaiian  Islands,  New  Zealand,  and  Fiji. 
Some  stir  was  recently  occasioned  in  California  by  the  liberation  of 
several  house  mynas  which,  when  discovered  to  be  at  large  and  nest- 
ing out  of  doors,  were  promptly  and  properly  sought  out  and 
destroyed  (29,  p.  740). 

While  much  can  be  said  in  favor  of  the  European  starling  (Sturnus 
vulgaris)  in  eastern  North  America,  the  value  of  its  acquisition  is 
highly  questionable  because  of  its  phenomenal  increase  and  spread,  its 
consequent  effect  on  native  species  of  birds,  and  its  too  frequent 
depredations  on  fruit  orchards  and  other  agricultural  crops.  Its 
.filthiness  at  the  winter  roosts  in  the  downtown  districts  of  cities  has 
added  no  little  to  its  public  condemnation.  When  it  is  realized  that 
a  number  of  unsuccessful  attempts  were  made  before  the  European 
starling  was  established  in  this  country,  it  seems  much  too  early  to 
say  that  the  crested  myna  will  not  extend  its  range  from  the  Van- 
couver district  toward  the  United  States,  even  though  there  appears 
to  be  at  present  a  recession  of  range,  or  at  least  no  increase  in  the 
numbers  of  the  species.  If  conditions  should  become  more  favorable 
to  the  birds,  and  the  crested  myna  as  now  established  on  the  Pacific 
coast  should  further  menace  the  security  of  our  native  birds  or  threaten 
serious  damage  to  fruit  crops,  it  probably  would  not  be  difficult  to 
destroy  the  advance  scouts,  because  the  species  is  easily  recognized 
by  its  notes  and  its  appearance  in  flight.  There  appears  to  be  only 
one  direction,  however— southeast — by  which  themynacan  advance 
from  its  present  range,  nevertheless  successful  prevention  of  its 
spread  will  require  strict  vigilance. 

2  Acknowledgment  is  made  of  the  assistance  on  the  Canadian  side  of  the  boundary,  of  R.  A.  Cumming 
a  resident  naturalist  of  Vancouver  since  1908,  and  so  well  acquainted  with  the  haunts  of  the  myna  as  to  be 
able  to  gather  facts  and  material  during  intervals  when  the  senior  author  could  not  be  on  the  ground.  The 
information  he  furnished  has  contributed  largely  to  the  value  of  data  collected  in  these  investigations. 
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CRESTED   MYNA,   OR  CHINESE  STARLING. 
Adults  in  flight  and  adult  and  young  perching. 


CRESTED   MYNA   IN   PACIFIC   NORTHWEST  O 

DESCRIPTION  AND  HABITS  OF  THE  CRESTED  MYNA 

COLOR,  FLIGHT,  AND  GAIT 

The  crested  myna  (pi.  1)  is  a  bird  about  the  size  of  the  robin  (Turdus 
migratorius) ,  and  is  easily  recognized  in  its  short-range  flight  by  a  con- 
spicuous band  of  white  on  the  wings.  At  a  greater  distance  it  may  be 
distinguished  from  either  the  robin  or  Brewer's  blackbird  (Euphagus 
cyanocephalus) ,  with  which  it  sometimes  consorts,  by  its  shorter  tail 
and  somewhat  labored  straightaway  flight,  which  lacks  the  grace  or 
undulatory  movements  of  these  two  birds.  Perched  for  observation, 
it  shows  a  more  erect  profile  than  do  the  other  two  species,  and 
exhibits  its  peculiar  crest,  or  tuft  of  short  feathers,  which  inclines 
forward  over  the  base  of  the  beak.  The  plumage  is  black,  with  the 
exception  of  the  white  wing  patches,  which  usually  do  not  show  when 
the  bird  is  at  rest,  although  they  are  sometimes  partly  displayed  in 
the  mating  season.  Some  of  the  larger  tail  feathers  are  also  tipped 
with  white.  Iris,  feet,  and  beak  are  yellowish  in  the  adult.  The 
two  sexes  are  practically  indistinguishable  out  of  hand.  This  myna 
usually  goes  about  in  a  walking  gait,  not  hopping,  when  feeding  on 
the  ground. 

CALL  NOTES 

The  call  notes  and  singing  cadences  of  the  crested  myna  have  been 
variously  commented  upon  by  writers  on  bird  topics,  sometimes  to 
the  rank  disparagement  of  the  bird's  vocal  efforts,  sometimes  in  com- 
pliment to  its  musical  qualities.  Scheffer  finds  the  whistling  notes 
always  cheerful,  in  the  nesting  period  even  quite  musical.  Several 
calls  may  be  recognized,  the  longer  ones  including  a  rolling  trill,  and 
all  are  distinguishable  from  the  songs  of  our  native  birds  by  their 
peculiar  "foreign  accent."  At  roosting  time  in  the  winter  season  there 
is  more  or  less  chatter  from  flocking  numbers.  In  his  acquaintance 
with  these  introduced  birds,  Scheffer  has  noted  no  calls  in  imitation 
of  native  species.  In  its  own  habitat  the  myna  is  sometimes  credited 
with  being  a  mocker  and,  it  is  said,  according  to  Caldwell  and  Caldwell 
(3,  p.  12),  and  Wilkinson  (34,  p.  123),  can  even  be  taught  to  talk. 

NESTS  AND  NESTING  HABITS 

The  nesting  time  of  the  crested  myna  in  the  Vancouver  district 
covers  about  10  to  12  weeks  in  May,  June,  and  July.  It  is  difficult 
to  learn  by  direct  observation  just  when  the  season  of  brood  rearing 
naturally  closes;  for,  because  of  the  birds'  association  with  human 
habitations,  many  nests  are  inadvertently  broken  up  from  time  to 
time,  and  the  nesting  pairs  are  forced  to  seek  new  sites  and  try  again. 
Sometimes,  too,  the  birds  or  their  nests  are  disturbed  with  hostile 
intent  by  city  dwellers  who  do  not  care  to  have  the  foreign  intruders 
about  the  premises.  The  crested  myna  is  not  so  confiding  and  per- 
sistent as  the  English  sparrow  (Passer  domesticus),  but  where  perse- 
cuted or  unduly  disturbed,  it  will  usually  abandon  its  homemaking  to 
try  elsewhere. 

A  nesting  pair  has  been  observed  to  feed  its  young  as  late  as  the 
first  week  in  August,  but  most  of  the  broods  are  out  much  earlier. 
Whether  the  species  is  commonly  two-brooded  is  a  matter  difficult 
to  determine  without  banding  studies.  Wilkinson  (34,  p.  124), 
writing  on  Chinese  birds,  says  of  tlie  native  crested  myna:  " There  are 
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two  broods  a  year  so  that  each  family  is  likely  to  number  about  eight 
by  the  end  of  the  breeding  season."  This  statement  seems  incon- 
sistent with  the  senior  author's  observations  on  the  length  of  time  it 
takes  to  rear  a  brood  in  British  Columbia,  as  will  appear  farther  on  in 
this  report. 

For  nesting  sites,  the  crested  myna  apparently  requires  a  nearly 
enclosed  space.  It  does  not  incline  to  build,  like  the  robin  or  the 
English  sparrow,  on  supports  partly  in  the  open  or  with  semishelter. 
In  fields  and  woods,  the  nests  are  usually  made  in  the  tree  holes  that 
sometimes  result  from  decay  in  the  dead  stubs,  but  more  frequently 
from  excavations  made  by  flickers  (Colaptes  cafer)  or  other  wood- 
peckers. As  many  as  half  a  dozen  or  more  such  holes  occupied  by 
mynas  may  sometimes  be  seen  in  a  single  tree  trunk  on  logged-off  and 
burned-over  land  that  has  a  covering  of  low,  second-growth  trees  and 
shrubs.  About  the  city  the  nests  are  commonly  made  in  enclosed 
shelters  formed  by  the  cornices,  eaves,  chimneys,  and  drain  spouts  of 
buildings.  Sometimes  they  are  in  the  boxing  of  guy  wires  on  line 
poles.  Mynas  will  also  occupy  tree  boxes  placed  for  them  or  for  other 
birds. 

The  nests  themselves  are  mere  collections  of  trashy  materials 
assembled  from  any  available  source  not  too  remote  for  economy  in 
flight,  such  as  bits  of  grass  and  weeds,  foil,  cellophane,  and  other 
candy  and  gum  wrappings,  feathers,  snake  skins,  rubber  bands,  and 
fine  rootlets.  The  eggs  fairly  closely  resemble  those  of  the  robin, 
being  of  about  the  same  size,  unmarked,  and  colored  light  blue  or 
greenish  blue.  The  number  in  a  clutch  is  commonly  4,  occasionallv 
5  or  6. 

The  following  summary  was  made  of  notes  kept  by  Scheffer  and 
Cumming  on  the  nesting  of  a  pair  of  crested  mynas  in  a  tree  box 
placed  in  a  garden  at  Vancouver:  The  pair  first  appeared  at  the  nesting 
site  on  April  14  and  spent  14  days  in  building  the  nest,  the  first  egg 
being  laid  April  28.  Five  days  were  required  to  complete  the  clutch, 
one  egg  each  day.  On  the  evening  of  May  15,  the  first  egg  was  found 
to  be  hatched,  and  all  the  eggs  were  pipped,  an  incubation  period  of 
14  days.  The  young  birds  left  the  nest  and  perched  on  a  branch  27 
days  after  hatching.  After  that  they  were  fed  or  were  aided  in 
feeding  by  the  parent  birds  for  about  7  days,  when,  on  June  19,  they 
were  able  to  shift  for  themselves.  The  actual  elapsed  time,  therefore, 
from  the  first  appearance  of  the  mynas  at  their  nesting  site  until  the 
fledglings  were  able  to  care  for  themselves  was  66  days,  a  surprisingly 
long  period  and  one  that  would  seem  to  preclude  the  habitual  rearing 
of  a  second  brood  in  this  locality  and  latitude.  Accurate  observations 
by  Cumming  through  several  years  of  intimate  field  acquaintance 
with  the  species  seem  to  strengthen  conclusions  formerly  reached  by 
Scheffer. 

DISPERSAL,  FLOCKING,  AND  ROOSTING  HABITS 

For  a  time  after  dispersal  from  the  nests,  late  in  summer  and  early  in 
fall,  crested  mynas  are  associated  in  small  groups,  probably  family 
parties  remaining  about  the  old  nesting  sites  or  in  flight  to  and  from 
feeding  grounds.  Tliis  habit  was  particularly  noticeable  at  the  time 
of  the  first  visit  of  Scheffer  to  the  Vancouver  district,  in  August. 
It  is  in  considerable  contrast  to  the  flocking  habits  of  Brewer's  black- 
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birds,  which  assemble  in  great  numbers  at  this  season.  Apparently 
this  family  grouping  of  the  mynas  has  given  rise  to  the  Chinese  name 
for  the  species,  "Pako",  which,  according  to  Wilkinson  (84,  P-  124), 
is  said  to  mean  " eight  brothers." 

Though  sometimes  observed  feeding  with  other  birds,  particularly 
Brewer's  blackbirds,  in  the  gardens  and  grainfields  of  the  Fraser  River 
delta,  the  myna  has  shown  no  disposition  to  drift  with  them  in 
migration,  and  at  roosting  time,  it  clannishly  associates  with  its  kind. 
When  rougher  weather  comes  on,  these  birds  resort  more  and  more  to 
close-foliaged  trees  for  shelter  or  roosting  at  night,  and  for  accommo- 
dations for  larger  groups  than  family  parties. 

The  large  myna  roost  in  the  heart  of  Vancouver  city,  near  the  water- 
front, in  the  glare  of  street  lights  and  the  confused  noise  of  traffic, 
has  been  the  subject  of  much  comment  and  many  reports  for  several 
years.  This  section  is  but  little  occupied  by  the  birds  each  year  until 
early  winter,  when  they  begin  to  assemble  at  evening  in  large  numbers. 
Almost  from  the  earliest  recalled  time  of  the  arrival  of  the  mynas, 
their  noisy  roosts  have  been  associated  with  the  Christmas  season, 
and  the  birds  have  been  known  locally  as  " Christmas  birds." 

Fewer  birds  than  had  been  anticipated  came  in  to  this  roost  each 
evening  during  the  observation  period  in  1931,  and  this  may  reflect  a 
numerical  decrease  in  the  species  since  the  earlier  reports.  Not  more 
than  500  were  resorting  there  at  the  time  the  census  was  taken — the 
second  week  in  December.  First  arrivals  at  the  roost  were  noted 
between  3  and  4:30  p.  m.,  and  from  that  time  until  nearly  dark  the 
mynas  drifted  in  by  twos,  threes,  half  dozens,  or  as  many  as  15  to  20 
in  a  flock.  Apparently  the  larger  groups  had  assembled  en  route. 
Most  of  the  birds  came  down  one  street,  from  the  east,  flying  remark- 
ably low,  scarcely  over  the  tops  of  the  cars,  and  swung  up  steeply  to 
perch  about  eaves  and  cornices  of  the  buildings,  where  new  arrivals 
joined  in  the  noisy  chatter  of  greeting  from  those  earlier  on  the  roost. 
After  a  time  some  would  fly  to  the  ground  or  pavement  in  search  of 
bits  of  food. 

The  myna  notes  were  mostly  chatter,  but  occasionally  a  clear  whistle 
sounded  very  much  like  that  of  the  cardinal.  There  was  much  jostling 
for  place  and  noisy  confusion  while  the  birds  were  settling  down. 
Later  in  the  evening,  after  they  seemed  settled,  some  disturbance 
running  down  the  roosting  lines  would  revive  the  chatter. 

In  the  morning  the  mynas  left  the  roost  as  soon  as  it  was  fully  light 
and  scattered  to  feed.  In  a  walk  of  3  miles  eastward  into  the  suburbs, 
Scheffer  and  Cumming  observed  the  birds  singly  or  by  twos  and  threes 
on  small  trees  or  on  house  roofs  in  the  residential  district.  It  may  be 
remarked  here  that  these  birds  do  not  resort  so  much  to  the  more 
formal  premises  of  the  closely  settled  urban  district  as  to  those  of  the 
suburbs,  where  there  are  outbuildings  and  gardens. 

RELATION  TO  OTHER  SPECIES 

So  far  as  field  observation  for  this  study  goes,  the  crested  myna  does 
not  seriously  affect  other  birds,  their  young,  or  their  eggs,  except  in  the 
case  of  the  species  it  wishes  to  dispossess  of  nesting  sites.  While 
Scheffer  observed  robins  and  other  birds  nesting  unmolested  in  myna 
territory,  others  have  noted  some  interference  with  native  birds  in 
open  nests.  Racey  (27,  p.  12)  and  others  report  instances  of  the 
myna  destroying  young  and  eggs  of  robins  and  other  native  species. 
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In  conflict  with  the  flicker,  the  myna  shows  tact  and  persistence. 
If  a  new  home  of  the  former  is  under  construction  in  a  tree  stub,  the 
mynas  will  wait  patiently  for  its  completion,  coming  around  occasion- 
ally to  note  progress.  When  it  is  ready  for  use,  several  pairs  of  the 
intruders  may  contest  for  its  possession,  giving  the  impression  that 
they  are  "  ganging  up  "  on  the  unfortunate  home  builder.  The  result 
is  always  the  same — eviction  of  the  woodpecker  tenants.  When  the 
myna  wishes  to  build  its  home  where  a  native  bird  has  already  made 
progress  in  rearing  a  family,  it  tosses  out  both  eggs  and  young  with 
little  ceremony. 

POSSIBILITY  OF  INCREASE  AND  SPREAD 

A  discussion  of  whether  the  myna  will  extend  its  range  into  the 
United  States  involves  a  consideration  of  natural  barriers  and  climatic 
factors,  as  well  as  the  habits  and  history  of  the  species.  To  the  west 
and  south  of  the  occupied  territory  in  British  Columbia  is  the  wide 
stretch  of  the  Strait  of  Georgia  with  only  a  point  of  land  crossed  by 
the  international  boundary  line,  and  to  the  north  are  mountain 
ranges  and  a  forested  interior  where  the  myna  would  not  find  close 
settlement  and  the  human  habitations  it  seems  to  prefer.  Thus  the 
most  ready  opportunity  for  natural  extension  of  this  introduced  bird's 
range  appears  to  be  east  by  southeast.  In  this  direction,  urged  by 
the  force  of  crowding  numbers,  an  aggressive  bird  would  find  its  way 
into  the  fertile  valleys  of  northern  Washington,  by  way  of  Blaine  and 
Bellingham.  From  present  reckoning,  it  appears  that  with  few  ex- 
ceptions, the  myna  has  not  been  able  in  recent  years  to  hold  the  slight 
advances  formerly  gained  toward  Blaine.  The  birds  are  clannish  and 
probably  not  strongly  inclined  to  pioneer. 

Instead  of  increasing  in  numbers,  the  crested  myna  in  the  Van- 
couver district  at  present  is  apparently  diminishing,  or  at  best  is 
stationary.  This  may  be  accounted  for  partly  by  destruction  of  its 
former  nesting  sites,  with  the  extension  of  city  streets  into  the  wilder- 
ness of  brush  and  blackened  tree  stubs.  More  recently,  man's  use  of 
these  unsightly,  rotting  tree  trunks  as  fuel,  has  forced  the  mynas  to 
withdraw  their  outposts  and  to  adapt  themselves  to  more  strictly 
urban  conditions  for  nesting. 

When  it  is  considered  that  its  natural  habitat  is  southern  or  central 
China,  the  crested  myna  is  not  especially  favored ^  climatically  by 
residence  in  the  coastal  region  of  British  Columbia.  It  is  to  be 
recalled,  too,  that  other  regions  into  which  it  has  been  introduced, 
and  where  it  has  subsequently  thrived  and  reared  more  than  one 
brood  a  year,  are  tropical  or  subtropical — the  Philippines  and  Taiwan. 
Its  near  relative,  the  house  myna  (Acridotheres  tristis)  of  India,  has. 
likewise  increased  and  prospered  when  introduced  into  the  Hawaiian 
Islands  (26,  p.  55).  Natural  reasons,  therefore,  and  direct  observa- 
tion in  the  field  indicate  that  in  British  Columbia,  at  least,  the 
crested  myna  will  not  be  able  to  duplicate  its  life  history  in  its  native 
land,  where  it  is  said  sometimes  to  rear  two  or  three  broods  a  season. 

Some  apprehension  has  been  felt  in  ornithological  circles,  and 
perhaps  reflected  in  the  agricultural  press,  that  this  introduced  myna 
might  follow  in  the  train  of  the  English  sparrow  and  the  European 
starling  (Sturnus  vulgaris)  and  become  a  widespread  nuisance  in 
parts  of  our  country.     Wood  in  1924  (35,  pp.  184-186)  reported: 
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So  far  as  known,  A.  cristatellus  has  on  the  Pacific  Coast  no  enemies  or  other 
agent  likely  to  check  its  spread  or  limit  its  numbers.  One  may  confidently  expect 
that  in  the  course  of  time  this  prolific  and  resourceful  bird  will  breed  in  hundreds 
of  thousands  and  literally  occupy  the  land  .  .  .  descend  upon  orchard  and  field 
in  devouring  myriads.  ...  all  the  factors  of  adequate  food  supply,  climatic 
conditions,  nesting  opportunities,  and  freedom  from  natural  enemies  combine  to 
insure  his  steady  march  both  inland  and  along  the  ocean  front. 

Phillips  (26,  p.  55),  observes,  however,  that  this  myna  seems  to 
suffer  from  the  cold  weather  and  will  probably  be  confined  to  the 
immediate  coast. 

In  the  present  field  review  of  the  situation,  a  decade  subsequent  to 
this  forecast  of  the  crested  myna's  increase  and  spread,  conditions 
do  not  appear  to  be  so  serious  as  was  feared.  While  the  food  supply 
seems  adequate  for  the  bird,  and  freedom  from  natural  enemies  is 
apparent,  the  present  writers,  instead  of  considering  that  climatic 
conditions  and  nesting  opportunities  favor  the  crested  myna  in 
British  Columbia,  are  of  the  opinion  that  if  the  bird  were  once  estab- 
lished in  California,  or  possibly  even  in  Washington  or  Oregon,  the 
story  might  be  quite  different. 

FOOD  HABITS  IN  BRITISH  COLUMBIA 
LABORATORY  ANALYSES  OF  STOMACHS 

For  the  laboratory  study  of  the  food  habits  of  the  crested  myna, 
142  stomachs,  collected  in  the  8  months  from  May  to  December  at  or 
near  Vancouver,  British  Columbia,  were  available.  R.  A.  Cum- 
ming,  of  Vancouver,  collected  72  of  these  for  the  Bureau  of  Biological 
Survey  in  1931  and  1932,  and  the  other  70  for  the  University  of 
^California  in  1925,  and  these  were  subsequently  presented  by  that 
institution  to  the  Bureau.  In  the  laboratory  examination  of  the 
stomachs,  made  at  Washington,  D.  C,  by  the  junior  author,  5  of  the 
142  were  discarded  as  being  too  nearly  empty  to  represent  normal 
food  proportions.  Of  the  remaining  137,  20  were  from  juvenile  birds, 
and  117  from  adults.     , 

Although  the  available  material  is  not  so  extensive  as  could  be 
desired  for  a  thorough  understanding  of  the  myna's  food  habits,  even 
for  so  restricted  a  locality,  yet  it  seems  sufficiently  representative  of 
the  period  from  late  spring  and  summer  to  early  winter  to  denote 
certain  definite  feeding  tendencies  of  the  birds  in  their  new  home. 

FIELD  OBSERVATIONS 

The  laboratory  studies  bear  out  the  field  observations  that  the 
crested  myna  is  one  of  the  most  omnivorous  of  feeders,  with  a  par- 
tiality for  fruits  and  for  foods  from  such  unsavory  sources  as  garbage 
heaps  and  manure  piles.  A  feeding  ground  much  favored  by  these 
birds  is  the  Fraser  River  delta,  just  south  of  Vancouver.  Much  of 
this  is  cultivated  by  Chinese  gardeners,  who  were  utilizing  consider- 
able manure  and  permitting  the  accumulation  of  numerous  garbage 
heaps.  Morning  and  evening  many  birds,  particularly  those  that 
roost  or  nest  in  the  southern  part  of  the  city,  may  be  seen  in  flight 
to  or  from  the  delta  gardens,  singly  or  in  small  numbers.  Once  on 
the  feeding  grounds  they  may  flock  together  in  small  groups  or  in 
numbers  up  to  a  hundred  or  more.     It  is  not  uncommon  for  the  birds 
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to  feed  about  an  abattoir,  pigpen,  corral,  or  pasture,  and  while 
foraging  frequently  to  associate  with  crows  (Corvus  brachyrhynchos) , 
English  sparrows,  and  gulls  (Larus  spp.).  When  disturbed  while 
feeding  with  a  mixed  flock  of  other  birds,  the  mynas  usually  take 
flight  separately.  In  the  city  they  commonly  pick  up  scraps  about 
back  yards,  and  are  said  formerly  to  have  subsisted  to  a  considerable 
extent  on  undigested  grains  from  horse  droppings.  The  replacement 
of  horses  by  automobiles  has  probably  served  as  a  check  on  their 
increase.  A  summary  of  the  percentages  of  the  myna's  food  items 
indicates  that  within  reasonable  limits  availability  is  the  chief  deter- 
mining factor  in  choice  of  food. 

FOOD  OF  ADULT  BIRDS 

The  laboratory  studies  indicate  that,  so  far  as  food  is  concerned, 
the  crested  myna  is  thoroughly  adaptable  to  rapidly  changing  con- 
ditions. Thus  its  food  preferences  and  range  of  diet  should  cause 
the  bird  to  thrive  best  in  or  near  cities  and  agricultural  centers — 
often  in  the  very  places  where  its  presence  in  too  great  numbers 
might  be  least  desirable.  The  average  food  consumption  of  117 
adults  for  the  8-month  period  showed  38.89  percent  animal  and 
61.11  percent  vegetable  matter  (table  1).  Only  in  September  did 
the  animal  food  amount  to  more  than  half  the  total,  when  larvae, 
pupae,  and  recently  emerged  adult  house  flies  comprised  about  54 
percent  of  the  stomach  contents,  and  raised  the  animal  part  of  the 
food  for  the  month  to  nearly  66  percent.  As  would  be  expected, 
the  colder  months  showed  the  lowest  percentages  of  animal  matter — 
25  percent  in  November  and  27.75  in  December.  During  these 
months  very  few  house  flies  are  available,  though  the  number  of 
stomachs  taken  was  too  small  to  permit  reliable  deductions  as  to 
the  normal  winter  food. 


Table  1. — Percentages  by  month  of  the  various  items  in  the  food  of  adult  crested 
mynas,  based  on  analyses  of  117  stomachs,  and  averages  for  the  8-month  period 
for  which  data  are  available  1 


Month 

Stom-. 
achs 

Animal 
food 

Vege- 
table 
food 

Flies 

(house 

and 

others) 

Moths 
and 
cater- 
pillars 

Wasps, 
bees, 
and 
ants 

Bugs 

Beetles 

Grass- 
hoppers 
and 
other 
orthop- 
terans 

Mis- 
cella- 
neous 
insects 

May ---    -- 

Number 

11 

31 

8 

23 

11 

25 

4 

4 

Percent 
39.64 
30.10 
36.87 
40.83 
65.91 
45.04 
25.00 
27.75 

Percent 
60.36 
69.90 
63.13 
59.17 
34.09 
54.96 
75.00 
72.25 

Percent 
1.64 
.58 
2.38 
4.17 
54.29 
17.28 
7.00 
1.00 

Percent 

0.82 

13.35 

19.00 

4.83 

.00 

1.96 

.00 

W 

Percent 
2.72 
1.74 
5.75 
2.05 
2.09 
.44 
(4) 
(*) 

Percent 
1.18 
2.78 
2.00 
3.22 
3.82 
.72 
(4) 
(4) 

Percent 

3.64 

3.83 

(4) 

1.17 

.27 

.52 

.00 

.50 

Percent 
0.00 
.23 
.13 
.04 
.09 
3.08 
.00 
.00 

Percent 
8.18 

.55 

July        -. -- 

.12 

.04 

.27 

.04 

.00 

00 

Monthly    av- 
erage  

15 

38.89 

61.11 

11.04 

4.99 

1.85 

1.72 

1.24 

.45 

1.15 

See  also  fig.  2,  A. 


Trace 


CRESTED   MYNA   IN   PACIFIC   NORTHWEST 


11 


Table  1. — Percentages  by  month  of  the  various  items  in  the  food  of  adult  crested 
mynas,  based  on  analyses  of  117  stomachs,  and  averages  for  the  8-month  period 
for  which  data  are  available — Continued 


Month 


May 

June 

July 

August 

September 

October 

November 

December 

Monthly   av 
erage 


Spiders 
and 

harvest- 
men 


Percent 
1.09 
2.55 
4.88 
2.83 
3.36 
2.84 
4.75 
.25 


2.82 


Earth- 
worms 


Percent 

6.00 

1.16 

.00 

22.18 

.00 

1.04 

.25 

2.00 


4.08 


Mis- 
cella- 
neous 
animal 
food 


Percent 

1.64 

2.38 

.00 

.30 

.18 

1.28 

1.50 

.00 


Gar- 
bage 


Percent 
43.19 

1.90 

3.37 

0) 

1.82 
23.52 
19.00 
24.00 


Wild 
fruits 


Percent 
0.00 
53.95 
61.37 
44.39 
8.73 
15.92 
.00 
38.00 


27.80 


Culti- 
vated 
fruits  2 


Percent 
1.36 
11.29 
.00 
8.83 
4.63 
6.20 
3.25 
2.00 


Leafy 
vege- 
tables 
and 
flower 
heads 


Percent 

15.45 

2.52 

.12 

1.47 

9.27 

16.20 

20.75 

2.75 


4.70 


8.57 


Grain 


Percent 
6.18 
.19 
.00 
.00 
5.00 
.96 
6.75 
1.25 


2.54 


Vege- 
table 
debris 
and 
ma- 
nure 3 


Percent 

6.91 

1.00 

.88 

4.48 

6.18 

8.00 

36.75 

28.25 


Aver- 
age 

items 
per 

stom- 
ach 


Number 
10.82 
8.40 
4.89 
11.30 
9.54 
14.08 
20.50 
12.50 


11.56 


11.50 


2  Part  listed  as  cultivated  may  have  been  wild  or  unharvested. 

3  Includes  0.35  percent  miscellaneous  weed  seeds. 
*  Trace. 

ANIMAL  FOOD 

A  large  item  in  the  animal  food  of  adults  for  the  period  was  gar- 
bage, amounting  to  14.6  percent  of  the  total.  This  varied  from  43.19 
percent  in  May  to  a  mere  trace  in  August.  At  the  season  when  fruits 
are  ripe,  these  replace  garbage  in  the  diet.  Further,  it  appears  that 
during  the  summer  months,  when  developing  flies  and  other  insects 
are  abundant  and  easily  obtainable  from  garbage  heaps  and  manure 
piles,  these  insects  are  taken  in  preference  to  the  garbage  itself.  The 
garbage  consisted  of  about  8.7  percent  of  animal  debris,  largely  table 
scraps  of  meat  and  bones,  and  about  6  percent  of  vegetable  scraps. 
The  4  summer  months — June  to  September — the  period  when  fruits 
and  insects  were  most  available,  revealed  the  smallest  consumption 
of  garbage:  1.9  percent  for  June;  3.37  percent  for  July;  a  trace  for 
August;  and  1.82  percent  for  September.  These  4  months  stand  in 
marked  contrast  in  this  regard  to  May,  October,  November,  and 
December,  when  the  average  garbage  percentages  were,  respectively, 
43.19,  23.52,  19,  and  24.  The  garbage-eating  habit  appears  to  be 
characteristic  of  mynas  where  established  in  other  parts  of  the  world 
also.  Wood  (35,  p.  133)  writes  of  them  in  British  Columbia  that 
"in  the  town  proper  they  act  as  scavengers  and  devour  all  sorts  of 
refuse  foodstuffs.' ' 

Insects 

Insects  of  various  orders  occupied  a  prominent  place  as  food  in  all 
the  8  months  except  November  and  December,  and  averaged  22.44 
percent  of  the  total.  The  monthly  percentages  of  the  insect  diet 
were  as  follows:  May,  18.18;  June,  23.06;  July,  29.38;  August,  15.52; 
September,  60.83;  October,  24.04;  November,  7;  December,  1.5. 
Insects  appear  to  be  preyed  upon  strictly  in  proportion  to  their  abun- 
dance and  availability.  Thus,  in  May,  soft-bodied  caddis  flies  with  a 
few  May  flies  were  the  dominant  insect  items  and  averaged  7.18  per- 
cent of  the  total,  and  only  slightly  less  than  half  the  insect  food  of  the 
month.     In  succeeding  months  no  trace  of  these  insects  was  noted. 
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During  June,  July,  and  August,  lepidopterous  larvae,  pupae,  and 
adults  made  up  the  major  items  of  insect  food,  while  in  September, 
house-fly  larvae,  pupae,  and  emerging  adults  amounted  to  more  than 
all  other  items  of  the  food,  aggregating  53.65  percent.  October,  with 
a  14.36  percent  house-fly  diet,  likewise  showed  this  to  be  the  major 
article  of  the  insect  food.  Pupae  and  larvae  of  other  dipterous  forms 
were  the  principal  insect  items  in  November  and  December. 

If  only  its  propensities  for  insect  consumption  are  considered,  much 
can  be  said  in  favor  of  the  crested  myna.  The  species  does  feed  upon 
many  insects  that  are  decidedly  injurious  to  human  interests.  Along 
with  these,  however,  it  makes  an  unusually  large  proportion  of  its 
food  of  parasitic  wasps  and  other  beneficial  insects. 

In  July,  hymenopterous  insects,  mainly  ichneumonoid  wasps 
(Amblytelinae  and  Apanteles  sp.),  aggregated  5.75  percent  of  the 
food,  a  mark  against  the  bird,  because  these  are  parasitic  on  other 
insects.     One  myna  had  feasted  on  16  of  these  parasitic  wasps. 


House  flies,  ranking  as  the  principal  insect  item  for  the  entire 
8-month  period,  made  up  9.01  percent  of  all  the  food  consumed.  No 
fewer  than  225  pupae,  20  larvae,  and  1  adult  of  the  house  fly  were 
found  in  one  stomach  (pi.  2)  and  more  than  200  larvae  and  pupae 
were  found  in  two  others.  Three  additional  July  stomachs  each  con- 
tained more  than  100  of  these  flies. 

Other  dipterous  forms  were  taken  each  month  and  averageed  2.03 
percent  of  the  total.  In  each  of  5  months  these  flies  (mainly  pupae 
or  larvae)  amounted  to  at  least  1  percent,  and  in  November  6.75  per- 
cent of  the  total  food.  Diptera  other  than  house  flies  consisted  main- 
ly of  winter  midges  (Trichoceridae),  taken  largely  in  November  and 
December,  probably  of  neutral  value;  large  dung  flies  (Scatophaga 
sp.),  the  adults  of  which  are  predacious  on  other  flies;  small  dung 
flies  (Borboridae) ;  stiletto  flies  (Therevidae),  the  larvae  of  which  are 
predacious  on  wireworms  and  other  insect  larvae ;  flower  flies  (Helina 
sp.);  root  gnats  (Sciaridae);  and  crane  flies  (Tipulidae):  Though 
many  forms  of  the  last-named  family  are  very  destructive,  these 
insects  unfortunately  constituted  merely  a  trace  in  the  total  food. 

LEPIDOPTERA 

The  larvae,  pupae,  adults,  and  eggs  of  lepidopterous  insects 
(moths)  took  second  place  in  the  insect  food  of  the  myna  and  aver- 
aged 4.99  percent  for  the  8  months.  The  bird  probably  renders  its 
greatest  service  in  the  consumption  of  these  insects,  as  practically  all 
species  identified  in  the  stomachs  are  decidedly  destructive  to  agri- 
culture. Three  groups  of  moths — tent  caterpillars  (Malacosoma  sp.), 
cutworms  (Noctuidae),  and  measuring  worms  (Geometridae) — made 
up  the  larger  part  of  this  kind  of  food.  In  July  they  provided  19 
percent  of  the  food  of  the  8  adults  and  12.82  percent  of  that  of  the  11 
juveniles.  During  June,  August,  and  October,  lepidopterous  insects 
constituted  13.35  percent,  4.83  percent,  and  1.96  percent,  respectively, 
of  the  monthly  food,  but  in  May  only  0.82  percent,  and  in  one  De- 
cember stomach,  a  mere  trace.  Neither  September  nor  November 
stomachs  showed  any  trace  of  these  insects.  One  very  full  June 
stomach  contained  9  whole  pupae  and  fragments  of  6  additional 


Tech.  Bui.  467,  U.  S.  Dept.  of  Agriculture  PLATE  2 


|>        %       ^       *       - 


■> 


»   > 

*# :  * 


**      •  ■  V                ^  -^  ^  —    .*     *  » 

♦      £        **  «■       %i  42       r»     49         (^  <#    ^*     ^      ^  » 

»r_  w   «  ^    ^   ^      ~  ^  «»   *»    m.  m 
<*         9     V 


-  A 


w     '*     I 


i  | 


'.'»»»»     •-«>«•* 


B5149M 

Food  of  One  adult  Crested  Myna. 

Approximately  96  percent  consisted  of  the  remains  of  house  flies— 1  adult,  no  fewer  than  225  pupae,  and 
20  larvae;  1  bluebottle  fly,  1  leaf  roller,  and  1  rove  beetle;  and  (the  mass  at  the  left  side  of  the  picture) 
grass,  2  seeds  of  lambsquarters,  1  seed  of  cinquefoil,  undetermined  floral  parts,  and  other  plant  fiber. 
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A  Analysis  of  the  food  of  one  crested  myna  taken  in  June,  consisting  of  9  whole  tent  caterpillars  and  frag- 
ments of  5  to  8  more;  and  (the  large  mass  in  the  upper  left-hand  corner)  undetermined  fruit  pulp. 
B,  Stomach  contents  of  one  juvenile  crested  myna  taken  in  July— 29  wild  cherries  made  up  96  percent 
of  the  food;  the  mass  in  the  upper  right-hand  corner  is  pulp  of  the  wild  cherry;  the  4  larvae  at  the  lower 
right  are  of  stable  flies. 
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pupae  of  tent  caterpillars  (pi.  3,  A);  while  1  July  stomach  contained 
5  noctuid  adults,  more  than  430  eggs,  and  1  larvae.  In  these  two 
stomachs,  lepidopterans  made  up  78  and  85  percent,  respectively,  of 
the  meals.  Lepidoptera  were  taken  as  part  of  the  food  by  53  of  the 
137  birds;  in  contrast  to  this,  Diptera  were  found  in  68  stomachs. 

It  is  interesting  to  note  that  previous  investigations  of  the  crested 
myna  have  not  revealed  more  than  a  mere  trace  of  moths  or  cater- 
pillars in  the  stomachs.  In  24  stomachs  collected  in  March,  May,  and 
June  and  examined  by  J.  A.  Munro  (letter,  Feb.  26,  1932)  only  1 
lepidopterous  larva  was  found.  Munro  (24,  pp.  32-33)  writes  that 
the  crested  myna  is  reported  by  some  to  eat  tent  caterpillars,  but  "in 
the  analysis  of  10  starlings  (A.  cristatellus)  taken  during  the  month 
of  June  when  the  tent  caterpillar  plague  was  at  its  height  there  was 
no  evidence  that  any  of  these  had  been  eaten." 

Cumming  (6,  pp.  1 89-1 90)  asserts  that  he  has  examined  some 
"dozens  of  stomachs"  and  writes:  "Extended  investigation  over  a 
number  of  years  proves  conclusively  that  they  [mynas]  are  of  no 
economic  value  to  this  Province."  Cumming  includes  a  report  on  86 
stomachs,  which  he  collected  in  nearly  equal  numbers  during  each 
month  of  the  year  and  which  were  examined  by  H.  C.  Bryant,  then 
of  the  University  of  California.  In  this  series,  Lepidoptera  appar- 
ently constituted  only  a  trace  of  the  total  food.  Cumming  further 
wrote  that  "it  may  also  be  noted  that  they  [mynas]  seldom  partake 
of  the  tent  caterpillar  or  the  cutworm  in  any  of  the  stages;  these 
insects  being  most  destructive  within  their  range."  Wood  (35, 
p.  134)  writes  of  two  reliable  reports  of  Chinese  starlings  observed 
destroying  tent  caterpillars  in  British  Columbia. 

HYMENOPTERA 

Hymenopterous  insects  made  up  1.85  percent  of  the  total  food  and 
ranked  third  in  importance  in  the  orders  of  insects  taken.  Some  were 
taken  each  month,  and  they  were  found  in  59  adult  and  14  juvenile 
stomachs,  or  in  53.3  percent  of  all  examined,  and  ranged  from  a  mere 
trace  to  36  percent  of  the  meal  of  an  adult  and  as  much  as  87  percent 
of  the  meal  of  one  juvenile. 

One  adult  bird  had  eaten  16  ichneumonid  wasps  (Amblyteles  sp.); 
another  had  feasted  largely  on  digger  wasps  (Chlorion  sp.).  These 
insects  with  other  ichneumonids  and  sphecoids,  which  constituted  the 
largest  item  in  the  hymenopterous  food,  are  largely  parasitic  in  habits, 
and  their  destruction  should  probably  be  considered  more  a  detriment 
than  a  benefit  to  agriculture. 

Ants  (Formicidae)  of  several  species  were  eaten  by  13  of  the  adult 
birds,  but  amounted  to  more  than  1  percent  only  in  the  month  of 
August.  Gall-producing  hymenopterans  were  found  in  a  number  of 
stomachs. 

HETEROPTERA    AND    HOMOPTERA 

True  bugs  amounted  to  only  1.72  percent  of  the  total  adult  diet. 
These  insects,  largely  homopterans,  were  present  in  stomachs  in  each 
of  the  8  months.  Only  in  the  5  hottest  months,  however,  did  they 
average  more  than  1  percent  of  the  total  food.  Bugs  of  either  or 
both  orders  were  found  in  69  stomachs  and  were  identified  as  heterop- 
terans  in  36  and  as  homopterans  in  53.  With  these  insects  occurring 
in  more  than  half  the  stomachs  and  totaling  only  1.72  percent,  it  is 
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evident  that  they  were  usually  taken  in  small  numbers.  The  stink- 
bugs  (Pentatomidae,  mainly  Neottiglossa  undata  and  Euschistus  sp.), 
the  shield-backed  stinkbugs  (Scutelleridae,  mainly  Eurygaster  sp.), 
and  the  corizid  bugs  (Coreidae,  mainly  Corizus  sp.)  made  up  the  larger 
part  of  the  Heteroptera.  Negro  bugs  (Cydnidae),  plant  bugs  (Ly- 
gaeidae,  mainly  Nysius  sp.),  and  leaf  bugs  (Miridae)  also  were  found 
in  a  number  of  stomachs.  Aphids  had  been  eaten  by  29  birds  and 
made  up  the  major  item  of  Homoptera.  One  September  stomach 
revealed  more  than  600  of  these  plant  lice,  which  amounted  to  31 
percent  of  the  contents.  Spittle  bugs  (Cercopidae)  and  leaf  hoppers 
(Cicadellidae)  were  occasionally  taken  in  small  numbers. 

COLEOPTERA 

It  was  somewhat  surprising  to  find  a  ground-feeding  bird  taking  so 
few  beetles — this  order  of  insects  amounting  to  only  1.24  percent  in 
the  total  adult  diet.  Only  during  May,  June,  and  August,  when  the 
birds  consumed  3.64,  3.83,  and  1.17  percent,  respectively,  of  these 
forms,  did  Coleoptera  comprise  more  than  1  percent  of  the  food. 
These  occurred  in  slightly  more  than  half  the  adult  stomachs  and  were 
divided  among  many  families  representing  many  species.  A  fair 
number  of  the  coleopterans  taken  were  larval  forms  that  breed  in 
manure  piles  and  garbage  heaps.  Adult  dung  beetles  (Scarabaeidae), 
weevils  (Curculionidae),  and  ground  beetles  (Carabidae)  were  most 
frequently  taken.  Smaller  numbers  of  click  beetles  (Elateridae),  rove 
beetles  (Staphylinidae),  leaf  beetles  (Chrysomelidae),  Histeridae,  and 
water  scavengers  (Hydrophilidae)  were  also  fairly  common. 

In  its  relatively  slight  consumption  of  beetles  the  crested  myna 
stands  in  marked  contrast  to  its  cousin  of  eastern  North  America, 
the  European  starling,  which  makes  nearly  a  fifth  of  its  total  diet  of 
beetles. 

ORTHOPTERA   AND    OTHER   INSECTS 

As  no  other  order  of  insects  formed  as  much  as  1  percent  of  the 
adult  myna's  food,  the  economic  problems  involved  in  their  consump- 
tion are  trivial.  From  this  study  it  appears  that  the  absence  of  any 
appreciable  number  of  certain  insect  orders  represents  the  unavail- 
ability of  these  orders  in  any  great  numbers.  Further  evidence  of  this 
is  the  fact  that  orthopterous  insects,  mainly  short-horned  grass- 
hoppers (Acrididae),  and  pygmy  locusts  (Tettigoniidae)  amounted  to 
less  than  0.5  percent  of  the  food,  yet  in  October  these  insects  made 
up  more  than  3  percent  of  the  contents  of  25  stomachs.  Grasshoppers 
were  found  in  the  stomachs  of  13  adults;  in  one  well-filled  stomach  in 
October  they  formed  62  percent  of  the  contents,  and  in  another,  15 
percent.  During  May,  caddis  flies  (Trichoptera)  and  May  flies 
(Ephemeridae)  amounted  to  7.18  percent  of  the  month's  food,  yet  in 
succeeding  months  no  trace  of  them  was  noted. 

Arachnids 

Spiders  and  harvestmen  apparently  were  captured  whenever 
encountered,  as  they  were  taken  in  limited  numbers  each  month  and 
formed  2.82  percent  of  the  total  food  of  the  adults  and  2.8  percent  of 
that  of  the  juveniles.  This  adult  arachnid  food  was  made  up  of  1.65 
percent  of  spiders  and  1.16  percent  of  harvestmen.  The  former 
occurred  in  53  percent  and  the  latter  in  29.9  percent  of  the  adult 


CRESTED   MYNA   IN   PACIFIC   NORTHWEST  15 

stomachs.  The  harvestmen  were  nearly  all  Phalangiidae,  while  the 
many  species  of  spiders  represented  several  families,  of  which  the 
wolf  spiders  (Lycosidae)  and  the  jumping  spiders  (Attidae)  were  most 
frequently  encountered.  One  September  bird  had  taken  20  spiders 
and  3  harvestmen,  while  an  October  bird  had  secured  15  wolf  spiders, 
1  undetermined  spider,  and  7  harvestmen.  During  the  6  months 
June  to  November,  these  arachnids  had  been  eaten  to  the  extent  of 
from  2.5  to  nearly  5  percent  of  the  monthly  food.  The  wolf  spiders 
are  generally  considered  less  distinctly  beneficial  than  most  of  the 
others  taken.  Most  of  these  forms,  however,  live  largely  on  flying 
insect  pests  caught  in  their  silken  webs.  Mites  occurred  in  8  of  the 
October  stomachs,  and  as  many  as  71  were  taken  by  one  bird. 

Earthworms 

Earthworms  (Lumbricidae)  appeared  to  be  extremely  variable  as  an 
article  of  food  for  the  crested  myna.  This  variableness  would  probably 
have  been  less  apparent  had  a  larger  series  of  stomachs  been  available. 
They  averaged  4.08  percent  in  the  food  of  the  117  adult  birds,  varying 
from  22.18  percent  in  August  to  0.25  percent  in  November,  and  with 
no  trace  in  July  and  September.  Contents  of  May,  June,  October, 
and  December  stomachs  consisted  of  6,  1.16,  1.04,  and  2  percent, 
respectively,  of  earthworms.  In  August,  10  of  the  23  birds  had 
feasted  on  these  worms,  5  birds  making  them  more  than  three-fourths 
of  their  meals.     Of  the  117  adult  birds,  25  had  fed  on  earthworms. 

Miscellaneous  Animal  Food 

Terrestrial  isopods  or  sowbugs  (Oniscidae,  mainly  Porcellio  sp.) 
were  conspicuous  items  in  a  number  of  stomachs,  occurring  in  approxi- 
mately 12  percent  of  the  total,  but  only  in  May,  June,  and  October 
did  they  form  more  than  1  percent  of  the  food.  In  31  June  stomachs 
sowbugs  averaged  2.35  percent  of  the  contents;  3  of  the  stomachs, 
however,  showed  15  to  30  percent. 

Other  miscellaneous  items  of  animal  matter,  aggregating  less  than 

1  percent  of  the  total  food  of  adults,  consisted  of  millepedes,  in  6 

stomachs;   centipedes   (mainly  Geophilidae),  5  stomachs;  mollusks 

(mainly  bivalves),  2  stomachs;  mites,  11  stomachs;  hair,  7  stomachs; 

carrion,   1   stomach,  and  fish  and  other  bone  fragments  (probably 

garbage),  2  stomachs  each.     Kelly  (17,  p.  14)  found  that  eggs  of 

other  birds  occasionally  form  a  part  of  the  myna's  diet.     Munro 

(letter,  1932)  reports  finding  fragments  of  a  bird's  egg  in  a  stomach 

collected  in  May. 

vegetable  food 

Fruit 

A  complaint  already  directed  at  the  myna  and  one  that  in  future 
bids  fair  to  be  heard  much  more,  if  this  species  becomes  established  in 
the  horticultural  areas  of  the  Pacific  Coast  States,  is  that  it  is  destruc- 
tive to  fruits.  The  117  adult  stomachs  examined  over  the  8-month 
period  (May  to  December)  showed  that  approximately  one-third 
(32.49  percent)  of  all  food  consumed  was  gleaned  from  this  source. 
The  major  portion  of  this  consisted  of  wild  fruits  and  berries  or  of 
unharvested  cultivated  crops,  though  doubtless  some  of  the  fruit  taken 
was  garbage.  Regardless  of  the  source  or  the  economic  status  of 
fruits  in  this  limited  series  of  stomachs,  the  bird's  propensities  along 
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this  line  are  shown,  and  in  the  case  of  a  species  so  gregarious,  its 
capacity  for  harm  is  indeed  great.  Though  it  is  not  yet  known  whether 
the  bird  will  feed  upon  cultivated  fruits  as  eagerly  as  upon  wild  varie- 
ties, there  seems  no  reason  to  doubt  that  it  will.  This  economic 
argument  against  the  bird  is  further  strengthened  when  it  is  realized 
that  leafy  vegetable  material — cabbage,  lettuce,  weeds,  etc. — made 
up  8.57  percent  of  the  food.  If  such  an  omnivorous  feeder  should 
become  unduly  abundant  in  an  extensive  farming  area,  as  its  near 
relative  the  European  starling  (Sturnus  vulgaris)  has  in  much  of  the 
eastern  United  States,  agriculture  would  suffer. 

The  percentage  of  fruit  consumption  during  the  8  months  (table  1) 
shows  considerable  variation,  partly  no  doubt  because  of  local  con- 
ditions and  the  limited  number  of  stomachs  available  for  examina- 
tion. Some  fruit,  wild  or  cultivated,  was  taken  each  month.  It 
was  found  in  nearly  three-fourths  (86)  of  the  adult  stomachs,  and 
occurred  in  every  stomach  collected  during  June,  July,  and  August. 
The  percentages  for  the  various  months  are  as  follows:  May,  1.36; 
June,  65.24;  July,  61.37;  August,  53.22;  September,  13.36;  October, 
22.12;  November,  3.25;  December,  40.  The  fruits  taken,  in  the 
order  of  their  percentage  bulk,  and  the  number  of  occurrences  are: 
Elderberry  (Sambucus  sp.)  6.59  percent,  in  25  stomachs;  cascara 
(Rhamnus  sp.)  5.73,  in  7  stomachs;  dogwood  (Cornus  sp.)  4.66,  in  14 
stomachs;  wild  cherries  (Prunus  sp.)  2.79,  in  7  stomachs;  berries 
(Rubus  sp.)  2.45,  in  11  stomachs;  apple  and  pear  (Pyrus  sp.)  1.45,  in 
9  stomachs;  blueberries  (Vaccinium  sp.)  1.27,  in  8  stomachs;  miscel- 
laneous and  unidentified  fruits  8.03  percent,  in  36  stomachs.  The 
miscellaneous  fruits  consisted  mainly  of  mountain  ash  (Sorbus  sp.), 
crowberry  (Empetrum  nigrum),  sumach  (Rhus  sp.),  nightshade,  or 
tomato  (Solanaceae),  and  snowberry  (Symphoricarpos  sp.).  Fruits 
amounted  to  100  percent  in  4  stomachs;  90  to  100  percent  in  11;  70 
to  90  percent  in  16;  50  to  70  percent  in  15;  and  25  to  50  percent  in  20. 
These  figures  show  that  when  fruit  is  found  it  is  usually  taken  in 
considerable  quantity. 

Munro  (23,  pp.  15-16)  reported  "  alarming  damage  to  strawberries 
and  other  small  fruits  "  by  the  myna  in  the  Vancouver  district  during 
the  summer  of  1920.  The  same  writer  in  1922  refers  (24)  to  reports 
of  fruit  damage  in  the  rural  districts  near  Vancouver.  In  a  letter  in 
which  he  gives  the  results  of  stomach  examinations  of  24  birds  taken 
from  March  to  June,  Munro  reports  pulp  and  seeds  of  raspberry  in  2 
stomachs,  undetermined  berries  in  1,  salmonberries  in  2,  and  apple 
pulp  in  2.  Fruit  formed  a  conspicuous  item  in  each  case.  Cumming 
(6,  p.  189)  reported  fruit  found  in  14  of  86  stomachs  examined  by 
Bryant.  From  his  own  examination,  Cumming  (6)  regarded  the 
bird  as  a  detriment  to  agriculture.  Scheffer  (81,  p.  84)  found  the 
mynas  feeding  largely  on  cascara  fruits  (Rhamnus  sp.)  in  August. 
Wood  (35,  p.  133)  wrote  that  in  the  Vancouver  district  the  birds 
"when  possible  *  *  *  eat  loganberries,  raspberries,  pears,  and 
cherries,  especially  the  last."  He  further  reported  that  as  early  as 
1911  Brooks  "watched  a  tree  being  stripped  of  its  crop  of  cherries,  a 
stream  of  mynas  coming  and  going  to  and  from  their  nests,  carrying 
the  fruit  to  their  young."  Phillips  (26,  p.  55)  stated  that  "they  have 
begun  to  destroy  a  good  deal  of  fruit,  especially  cherries,  blackberries, 
and  apples."  Henderson  (13,  p.  232)  has  made  further  reference  to 
this  habit. 
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Leafy  Vegetables 

Complaints  also  have  been  directed  against  the  myna  for  its  dep- 
redations on  truck-garden  crops.  Caldwell  and  Caldwell  in  their 
book  on  South  China  Birds  (8,  p.  12)  state  that — ■ 

Great  numbers  of  Mynas  may  be  seen  following  the  furrow  when  a  field  is 
being  plowed  for  spring  planting.  The  food  during  much  of  the  year  consists 
of  worms,  slugs,  insects  and  small  fruits,  though  at  times  a  flock  of  Mynas  will 
alight  upon  the  growing  garden  of  the  truck  raiser,  doing  great  damage  to  young 
leaves. 

In  the  present  study,  leafy  vegetable  material,  including  cabbage 
and  lettuce,  as  well  as  uncultivated  leafy  fragments,  amounted  to 
8.57  percent  of  the  total  food.  Approximately  half  of  this  was  re- 
garded as  of  cultivated  origin,  though  accurate  separation  could  not 
always  be  made,  as  some  leafy  substance  was  probably  also  taken  as 
garbage.  Some  of  this  material  was  obtained  during  each  of  the  8 
months,  but  most  of  it  was  consumed  in  spring  and  fall.  May,  Sep- 
tember, October,  and  November  stomachs  contained  15.45,  9.27, 
16.2,  and  20.75  percent,  respectively,  leafy  vegetable  material,  while 
July  showed  only  0.12  percent  and  August  only  1.47  percent.  This 
leafy  material  occurred  in  approximately  half  the  adult  stomachs, 
and  varied  from  a  trace  to  three-fourths  of  the  food,  constituting 
more  than  half  the  meals  of  6  birds.  Nineteen  October  birds  had 
ingested  leafy  vegetation,  and  1  had  swallowed  a  piece  of  green  cab- 
bage leaf  bl/2  by  2}£  inches  in  size.  Next  to  cabbage  and  lettuce, 
fragments  of  the  heads  of  composite  plants  (Asteraceae)  and  grass 
were  most  commonly  noted.  The  same  type  of  material  was  noted 
by  Munro  also,  as  he  found  dandelion  heads  in  2  of  4  March  stomachs 
and  leafy  fragments  in  2  collected  in  June.  According  to  Cumming 
(6,  p.  189),  Bryant  found  that  20  of  the  86  birds  he  studied  had  eaten 
grass  and  leaves.  In  the  present  study,  grass  amounted  to  less  than 
1  percent  of  the  total  food.  Wood  (85,  p.  134)  reports  that  5  of  8 
stomachs  collected  for  him  at  Vancouver  in  March  and  examined  by 
Bryant  contained  green  plant  food. 

Grain 

Various  grains  in  the  food  of  the  myna  comprised  2.54  percent  of  the 
total.  Though  most  of  it  was  waste  material,  probably  picked  up  as 
undigested  grain  from  horse  droppings  or  gleaned  from  stubble,  it  is 
probable  that  part  was  a  toll  exacted  from  poultry  raisers.  Munro  (23, 
pp.1 5-16)  writes  that  in  winter  the  mynas  "  feed  largely  on  horse  drop- 
pings, but  they  are  also  unwelcome  pensioners  on  city  poultry  raisers, 
visiting  the  runs  daily  at  feeding  time."  In  his  examination  of  24 
stomachs,  he  found  grain  (mainly  oats)  in  9.  Bryant,  as  reported  by 
Wood  (35,  p.  184),  and  Cumming  (6,  p.  189)  likewise  found  that  more 
than  one-third  of  the  stomachs  examined  contained  grain.  Menzies 
in  a  letter  to  Mrs.  Bready  (1 ,  p.  38)  showed  that  grain  was  found  in  38 
of  86  stomachs.  This  was  probably  the  same  series  that  Dr.  Bryant 
examined. 

In  the  present  study  grain  was  found  in  23  of  the  117  stomachs  of 
adults,  or  in  about  1  of  5.  This  consisted  mainly  of  oats,  wheat,  rye, 
and  barley.  In  only  two  cases  did  grain  amount  to  more  than  50 
percent  of  the  meal.  The  lower  proportion  of  grain  in  the  food  as  found 
in  the  present  investigation,  in  contrast  to  findings  by  earlier  workers, 
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may  possibly  be  explained  by  the  decrease  in  the  number  of  horses  in 
and  near  the  city  of  Vancouver.  It  is  noted  that  no  grain  was  taken 
in  Juty  and  August  and  only  a  trace  in  June.  Percentages  for  the 
remaining  months  are  as  follows:  May,  6.18;  September,  5;  October, 
0.96;  November,  6.75;  and  December,  1.25. 

Miscellaneous  Vegetable  Food 

Weed  seeds  were  present  in  an  insignificantly  small  quantity  and  in 
only  1  month  (August)  did  they  constitute  as  much  as  1  percent  of  the 
food.  Seeds  were  found  in  about  a  fifth  of  the  stomachs  and  repre- 
sented a  variety  of  the  common  weeds  of  the  region.  The  quantity 
taken,  however,  was  too  small  to  have  appreciable  economic  signifi- 
cance. 

Unidentifiable  vegetable  debris  and  manure  constituted  11.21  per- 
cent of  the  total  food  of  the  crested  myna.  This  consisted  of  slaugh- 
terhouse debris  or  finely  ground  silage  in  a  number  of  cases.  Part  may 
have  been  well-digested  leafy  fragments  or  ground  heads  of  composite 
plants.  Small  bits  of  unidentifiable  vegetable  matter  were  noted  in 
more  than  half  the  stomachs  examined,  while  in  only  5  did  it  equal  a 
fourth  of  the  contents.  Manure  made  up  87  percent  of  the  contents 
of  1  December  stomach,  and  a  third  to  a  half  of  the  contents  of  3 
stomachs  taken  in  November.  The  average  percentage  for  manure 
and  vegetable  debris  is  probably  unduly  high  because  of  the  small 
number  of  stomachs  for  the  2  months.  It  does  not  seem  likely  that  a 
larger  series  of  stomachs  would  consistently  give  the  same  result. 

FOOD  OF  JUVENILES 

Of  the  20  stomachs  available  for  a  study  of  the  food  of  young  crested 
mynas,  8  were  taken  in  May,  and  1  on  June  1.  These  9  represented 
birds  3  to  14  days  old,  apparently  all  nestlings.  Ten  were  taken  in 
July  and  one  on  the  last  of  June,  when  the  young  were  foraging  for 
themselves.  In  considering  the  food  percentages  of  the  20,  the  two 
groups  are  classed  as  May  nestlings  (9)  and  July  juveniles  (11). 

From  the  economic  standpoint,  the  food  of  nestlings  of  passerine 
birds  is  nearly  always  more  favorable  than  that  of  the  adults,  largely 
because  of  their  very  much  greater  consumption  of  insect  food.  Dur- 
ing the  first  week  or  so  of  their  lives,  nestling  birds  consume  enormous 
quantities  of  food,  the  mass  of  which  in  some  cases  each  day  may  equal 
the  weight  of  the  bird.  Since  the  nestlings  frequently  outnumber  the 
parents  2  to  1,  it  is  important  to  know  their  food  tendencies. 

animal  food 

As  will  be  seen  from  table  2,  the  food  of  the  nestling  mynas  stands  in 
marked  contrast  with  that  of  the  young  2  months  later  and  also  with 
that  of  the  adults  of  the  same  month — May.  The  nestlings  are  pre- 
dominantly protein  feeders,  and  approximately  three-fourths  (74.22 
percent)  of  their  food  was  animal  matter,  and  more  than  half  of  it 
(53.67  percent)  insects.  In  contrast  with  this,  the  July  juveniles  had 
drawn  upon  the  animal  kingdom  to  the  extent  of  only  slightly  more 
than  one-fourth  (27.73  percent)  of  the  month's  food,  though  most  of 
this  (26.09  percent)  was  insects.  Adults  collected  during  May  had 
taken  39.64  percent  animal  matter,  and  less  than  half  of  this  (18.18 
percent)  was  insects. 
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Insects 

The  insects  taken  were  undoubtedly  those  most  available  and 
readily  obtainable.  During  May,  the  large  carpenter  ants  (Campo- 
notus  sp.)  must  have  been  very  abundant,  as  these,  with  a  few  other 
Formicidae,  made  up  a  third  (33  percent)  of  the  nestlings'  food,  and 
in  one  stomach  they  amounted  to  as  much  as  87  percent.  The  abrupt- 
ness of  change  of  diet  following  the  nestling  period  is  evidenced  by  the 
fact  that  the  stomach  of  only  one  of  the  July  birds  showed  even  a  trace 
of  ant  food.  Other  hymenopterous  insects  made  up  1  percent  of  the 
nestlings'  food  and  7.73  percent  of  that  of  the  July  juveniles.  Five 
of  the  eleven  July  birds  had  eaten  hymenopterous  food,  and  one  had 
taken  1 1  ichneumon  wasps,  which  amounted  to  74  percent  of  its  meal. 
•  The  second  item  of  importance  in  the  insect  diet  of  nestlings  con- 
sisted of  earwigs  (Forficula  auricularia) .  This  destructive  importa- 
tion from  Europe  occurred  in  3  of  9  well-filled  stomachs,  each  contain- 
ing 5  to  18  individuals,  the  percentages  of  the  total  food  being  15,  19, 
and  20,  respectively.  Only  1  of  the  adult  birds  during  the  same 
period  had  feasted  on  these  insects.  Earwigs  formed  no  part  of  the 
July  food. 

Coleopterous  foods  (beetles)  formed  5.11  percent  of  the  contents  of 
nestling  stomachs,  as  against  3.64  percent  in  the  May  adults,  and  only 
a  trace  in  the  case  of  the  July  juveniles  and  adults.  Beetles  were  fed 
each  nestling  and  ranged  from  1  to  13  percent  of  the  meals.  As  in 
the  adult  food,  the  beetles  represented  a  wide  range  of  species,  with  a 
slight  preponderance  of  ground  beetles  (Carabidae),  which  are  largely 
Dredacious  in  their  feeding  habits. 

Lepidopterous  material  constituted  the  major  insect  item  in  the 
July  juveniles,  forming  slightly  less  than  half  the  bulk  of  insects  con- 
sumed. Caterpillars  are  especially  useful  in  the  food  of  very  young 
birds.  These  larvae,  together  with  adult  moths  and  their  pupae, 
were  found  in  the  stomachs  of  5  of  the  9  nestlings  and  4  of  the  11 
juveniles,  and  amounted  to  3  and  12.82  percent,  respectively,  of  the 
average  monthly  food  for  the  two  groups.  Four  larvae  were  fed  to 
1  nestling,  while  fragments  of  adult  moths  formed  96  and  25  percent, 
respectively,  of  the  food  of  2  July  birds.  These  moths  and  their 
developing  young  were  largely  cutworms  (Noctuidae). 

While  the  nestling  myna's  consumption  of  flies  was  nearly  double 
that  of  the  adults  taken  during  the  same  month,  this  season  is  too 
early  to  permit  a  heavy  or  uniform  consumption  of  these  insects. 
Consequently,  flies  were  taken  in  May  by  only  4  juveniles  and  5 
adults,  and  amounted  to  2.67  percent  and  1.64  percent,  respectively, 
of  the  food.  The  July  juveniles  had  made  house-fly  larvae  4.73  per- 
cent of  their  food.  In  1  stomach  22  larvae,  15  pupae,  and  12  emerging 
adults  formed  38  percent  of  the  contents. 

Practically  the  same  species  of  bugs  (Heteroptera)  were  fed  the 
young  as  were  found  in  the  stomachs  of  the  adults,  except  that  the 
stinkbugs  (Pentatomidae)  and  shield  bugs  (Scutelleridae)  were  given 
in  greater  numbers.  Eight  of  these  were  found  in  1  stomach. 
These  odoriferous  creatures  with  a  few  other  heteropterans  amounted 
to  2  percent  of  the  nestling  diet. 
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Other  Animal  Food 

Spiders  were  found  in  7  of  the  9  nestling  stomachs  and  amounted 
to  5.33  percent  of  the  total  food,  while  in  adult  birds  taken  in  May 
they  amounted  to  considerably  less  than  1  percent.  No  fewer  than 
20  wolf  spiders,  1  spider  not  determined,  and  fragments  of  about  10 
more  (Lycosidae)  were  found  in  1  stomach.  Only  3  of  the  July 
juveniles  had  fed  on  arachnids. 

Sowbugs  (Oniscidae)  constituted  3.78  percent  of  the  nestling  and 
1.55  percent  of  the  May  adult  food,  and  earthworms  3.67  and  6 
percent,  respectively.  July  stomachs  of  juveniles  and  adults  con- 
tained but  a  trace  of  these  creatures.  Among  unusual  miscellaneous 
items  fed  to  the  nestlings  were  a  small  stickleback  (Gasterosteus  sp.), 
the  common  mussel  (Mytilus  edulis)  (in  2  stomachs),  and  pieces  of 
sessile  barnacle  (Balanidae). 

VEGETABLE  FOOD 

The  adult  birds  collected  in  May  had  made  43.19  percent  of  their 
meals  on  garbage,  while  the  nestlings  of  this  same  month  had  been 
fed  this  item  to  the  extent  of  only  10.44  percent.  As  with  the  adults, 
this  consisted  mainly  of  table  scraps  and  waste  material,  with  little 
discrimination  in  selection.  One  14-day -old  bird  had  even  been  fed  a 
3-inch  rubber  band!  Neither  adults  nor  juvenile  birds  collected  in 
July  had  consumed  much  garbage,  the  former  showing  3.37  percent 
and  the  latter  1.64  percent.  This  change  of  food  was  undoubtedly 
brought  about  during  this  month  through  the  availability  of  large 
quantities  of  fruits,  on  which  all  but  one  bird  had  feasted. 

Fruit 

Though  the  nestling  period  is  too  early  in  the  season  for  the  con- 
sumption of  fruit  in  any  appreciable  quantity,  the  single  nestling  taken 
in  early  June  had  been  fed  83  seeds  and  fruit  pulp  of  berries  (Rubus 
sp.),  these  forming  27  percent  of  its  meal.  Three  other  juveniles 
taken  late  in  May  had  1  to  3  grape  seeds  each  in  their  stomachs.  It 
is  quite  probable  that  both  of  these  fruits  were  picked  up  at  a  garbage 
pile;  however,  it  is  not  impossible  that  the  grape  seeds  represented 
overwinter  unharvested  fruit.  Three  young  about  ready  to  leave  the 
nest  had  been  fed  fruits  of  honeysuckle  (Lonicera  sp.),  one  stomach 
containing  no  fewer  than  50  seeds  and  considerable  fruit  pulp.  Of  the 
total  nestling  food,  11  percent  was  fruit  pulp  while  in  the  adults  this 
formed  only  1.36  percent  in  May,  and  consisted  entirely  of  apple 
taken  by  only  one  bird. 

The  frugivorousness  of  the  species  is  well  shown  by  a  study  of  the 
July  juveniles.  Of  the  11  birds,  9  had  feasted  on  several  species  of 
wild  fruits,  6  having  made  fruit  more  than  90  percent  of  their  diet, 
and  the  other  3  had  taken  fruits  to  the  extent  of  45,  60,  and  87  percent, 
respectively.  The  principal  fruits  taken  were  wild  cherry  (Prunus 
sp.),  which  amounted  to  46.09  percent  of  the  total;  elderberry  (Sam- 
bucus  sp.),  8.91  percent;  dogwood  (Cornus  sp.),  7.91  percent;  and 
miscellaneous  fruit,  0.91  percent.  The  stomach  of  1  juvenile  was 
gorged  with  29  cherries,  4  fly  larvae  (Muscina  sp.),  fragments  of  1 
earthworm  (Lumbricidae),  plant  fiber,  and  garbage  debris  (pi.  3,  B). 
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Of  the  entire  number  of  mynas  eating  fruits,  the  juveniles,  when 
they  begin  foraging  for  themselves,  show  the  highest  individual  per- 
centages. The  force  of  this  would  probably  be  realized  if  a  large  flock 
of  these  hungry  young  were  to  light  in  a  cherry  orchard.  At  this 
stage  of  development  the  fact  that  the  young  of  many  birds  are 
exceedingly  difficult  to  frighten  aw^ay,  makes  protection  still  more 
laborious. 

Miscellaneous  Vegetable  Food 

Grain  amounted  to  5.91  percent  of  the  July  juveniles'  food  but  there 
was  merely  a  trace  of  it  in  the  food  of  the  nestlings.  On  the  other 
hand,  m  these  two  groups,  leafy  vegetable  material  was  found  only 
in  stomachs  of  the  nestlings,  where  it  amounted  to  4.33  percent. 
Miscellaneous  undetermined  vegetable  debris  and  manure  made  up  6 
percent  of  the  food  of  the  nestlings  and  1.82  percent  of  that  of  the 
July  young  (table  2  and  fig.  1,  A  and  B). 


Figure  l.— Comparison  of  food  of  (^4)  nestling  crested  mynas  and  (B)  July  juvenile  crested  mynas,  showing 
the  relative  proportions  of  the  various  items  by  bulk. 

Table  2. — Percentages  of  the  various  items  in  the  food  of  the  juvenile  crested  myna, 
based  on  the  examination  of  20  stomachs,  together  with  comparable  data  on  the 
food  of  the  19  adult  mynas  for  the  same  -period — May  and  July  1 

FOOD  OF  JUVENILE  BIRDS 


Month 

Stom- 
achs 

Animal 
food 

Vege- 
table 
food 

Flies 
(house 

and 
others) 

Wasps, 
bees, 
and 
ants 

Moths 
and 
cater- 
pillars 

Bugs 

Beetles 

Earwigs 

Miscel- 
laneous 
insects 

Number 
9 
11 

Percent 
74.22 
27.73 

Percent 
25.78 
72.27 

Percent 
2.67 
5.18 

Percent 

34.00 

7.73 

Percent 
3.00 
12.82 

Percent 

2.11 

.09 

Percent 

5.11 

.09 

Percent 

6.00 

.00 

Percent 
0.78 

July 

.  18 

50.98 

49.03 

3.93 

20.87 

7.91 

1.10 

2.60 

3.00 

.48 

FOOD  OF  ADULTS 


May... 

July 

11 
8 

39.64 
36.87 

60.36 
63.13 

1.64 
2.38 

2.72 
5.75 

0.82 
19.00 

1.18 
2.00 

3.64 

0.27 
.00 

7.91 
.25 

Average..  ...    - 

38.25 

61.75 

2.01 

4.24 

9.91 

1.59 

1.82 

.14 

4.08 

i  See  also  fig.  1. 


4  Trace, 
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Table  2. — Percentages  of  the  various  items  in  the  food  of  the  juvenile  crested  myna, 
based  on  the  examination  of  20  stomachs,  together  with  comparable  data  on  the 
food  of  the  19  adult  mynas  for  the  same  period — May  and  July — Continued 

FOOD  OF  JUVENILE   BIRDS 


Month 


May 

July 

Average- 


Spiders 

and 
harvest- 


Percent 
5.33 

.27 


2.80 


Earth- 
worms 


Percent 
3.67 
(*) 


Miscel- 
laneous 
animal 
food 


Percent 

5.56 

.45 


Gar- 
bage 


Percent 
10.44 
1.64 


6.04 


Wild 
fruits 


Percent 

7.11 

63.82 


35.47 


Culti- 
vated 
fruits  2 


Percent 

3.89 

.00 


1.95 


Leafy 
vege- 
tables, 
flower 
heads, 
etc. 


Percent 
4.33 
.00 


2.17 


Grain 


Percent 
(*) 
5.91 


Vege- 
table 

debris  3 
and 

manure 


Aver- 
age 

items 
per 

stom- 
ach 


Percent 
6.00 
1.82 


3.91 


Number 
15.00 
6.10 


10.55 


FOOD  OF  ADULTS 


1.09 
4.88 

6.00 
.00 

1.64 
.00 

43.19 
3.37 

0.00 
61.37 

1.36 
.00 

15.45 
.12 

6.18 
.00 

6.91 
.88 

10  82 

July 

4  89 

2.99 

3.00 

.82 

23.28 

30.69 

.68 

7.79 

3.09 

3.90 

7  86 

3  Part  listed  as  cultivated  may  have  been  wild  or  unharvested. 
'  Includes  0.35  percent  of  weed  seeds. 
« Trace. 

VARIETY  OF  ITEMS  IN  THE  FOOD 

The  omnivorousness  of  the  crested  myna  is  shown  by  the  large 
variety  of  food  items  taken  as  well  as  by  the  number  of  items  found 
in  the  stomachs  of  individual  birds.  The  number  of  items  found  in 
the  stomachs  varied  from  1  to  39;  the  average  number  per  bird  per 
month  varied  from  4.89  in  July,  when  the  food  consisted  largely  of 
fruit,  to  20.5  in  November,  and  for  the  8-month  period  the  average 
was  11.5  separate^  items.  The  average  number  of  items  in  juvenile 
stomachs  was  6.1  in  July  and  15  in  May. 

Birds  that  consume  hard  foods  rely  upon  gravel  to  help  grind  it. 
Of  the  137  crested-myna  stomachs  examined,  73  showed  from  a  mere 
trace  of  gravel  to  as  much  as  6  percent.  This  is  not  classed  as  food, 
but  is  figured  as  a  percentage  of  the  total  stomach  content.  Un- 
doubtedly much  of  it  wras  taken  accidentally.  In  adult  birds,  the 
monthly  averages  varied  from  a  mere  trace  in  September  to  1.82  per- 
cent in  May  and  for  the  8-month  period  averaged  0.56  percent  per  bird. 
The  juveniles  showed  a  slightly  higher  percentage  of  this  abrasive 
material,  namely  3.44  in  May  and  0.64  in  July. 

Probably  all  species  of  birds  swallow  feathers  either  purposely  or 
accidentally  during  the  process  of  preening.  Feather  fragments  were 
found  in  47  of  the  117  adult  myna  stomachs  and  in  6  of  the  20  juve- 
niles. Usually  there  was  only  a  slight  trace  of  feathers  in  the  stomachs 
examined. 


FOOD  OF  CHINESE  AND  EUROPEAN  STARLINGS 
COMPARED 

The  present  limited  study  of  food  habits  of  the  crested  myna 
indicates  that  the  species  has  much  in  common  with  its  near  relative 
the  European  starling  (Sturnus  vulgaris),  which  has  become  so  abun- 
dant in  much  of  eastern  North  America,  though  the  proportions  of 
the  component  food  items  differ.     The  reports  of  Kalmbach  and 
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Gabrielson  (16)  and  of  Kalmbach  (IS)  show  that  about  half  the  yearly 
food  of  the  European  starling  is  drawn  from  the  animal  kingdom. 
In  the  present  comparison,  only  those  starling  stomachs  collected 
during  the  same  8  months  (May  to  December)  that  the  mynas  were 
collected  are  considered.  The  percentages  of  the  various  contents 
are  shown  in  table  3  and  the  proportions  are  shown  graphically  in 
figure  2,  A  and  B. 

The  food  of  the  introduced  European  starling  from  May  to  Decem- 
ber averaged  62.29  percent  animal  and  37.71  percent  vegetable,  while 
almost  the  reverse  was  the  case  in  the  myna — 38.89  percent  was 
animal  and  61.11  percent  vegetable.  Both  birds  appear  to  be  highly 
omnivorous  and  both  consume  a  great  variety  of  food,  but  the  myna 
seems  to  show  somewhat  greater  extremes  in  this  regard.  It  is  not 
nearly  so<  insectivorous,  less  than  one  fourth  of  its  total  food  being  of 
insect  origin,  while  nearly  half  of  the  starling's  food  for  the  same 
period  consisted  of  insects.  Weevils,  ground  beetles,  May  beetles,  and 
miscellaneous  beetles  made  up  more  than  a  fifth  (20.24  percent)  of  the 


Fiottre  2. — Comparison  of  May  to  December  food  of  (A)  adult  crested  myna  and  (B)  adult  European 
starling,  showing  the  relative  proportions  of  the  various  items  by  bulk.  Information  in  percentage 
figures  shown  in  table  3. 

starling's  food  during  the  8  months,  while  these  insects  averaged  only 
1 .24  percent  in  the  case  of  the  myna.  Grasshoppers  were  taken  to  the 
extent  of  17.54  percent  by  the  starling  but  to  only  0.45  percent  by  the 
Vancouver  birds.  Caterpillars  made  up  7.09  percent  of  the  starling 
food,  while  lepidopterous  adults,  larvae,  and  pupae  in  nearly  equal 
proportions  formed  4.99  percent  of  the  adult  myna's  food.  Flies  and 
hymenopterans  (wasps,  bees,  ants,  etc.)  were  very  minor  items  in  the 
starling  diet,  yet  they  amounted  to  11.04  percent  and  1.85  percent, 
respectively,  in  the  west-coast  birds.  Millepedes  reached  the  surpris- 
ing total  of  10.59  percent  of  the  starling  diet,  but  formed  only  a  mere 
trace  of  the  myna's.  Garbage  was  nearly  three  times  as  important  as 
an  item  of  myna  food  as  it  was  with  its  relative  in  the  East.  Perhaps 
availability  may  account  for  most  of  these  differences.  Both  species 
appear  to  be  about  equally  frugivorous,  though  the  myna  shows  a 
high  percentage  of  fruit  consumption  during  the  summer  months,  but 
less  in  fall.  A  noticeable  and  probably  an  important  difference  in  the 
food  of  the  two  birds  is  noted  in  the  quantity  of  leafy  vegetable  ma- 
terial taken.  Apparently  this  is  a  minor  item  with  the  starling,  while 
it  averages  8.57  percent  of  the  crested  myna's  food. 
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In  the  main,  it  appears  that  from  the  economic  relation  these  two 
species  of  birds  bear  to  agriculture,  the  crested  myna  possesses  fewer 
redeeming  qualities  and  has  more  obnoxious  traits  than  does  the 
European  starling.  In  the  opinion  of  the  authors  it  would  be  false 
economy  not  to  take  the  necessary  steps  to  hold  this  species  in  check 
and  prevent  its  entrance  and  establishment  in  the  Pacific  Coast  States. 

Table  3. — Food  percentages  of  the  crested  myna  (Aethiopsar  cristatellus)  and  the 
European  starling  (Sturnus  vulgaris)  in  North  America  during  the  8  months, 
May  to  December1 


Kind  of  food 


Animal 

Vegetable 

Grasshoppers,  etc 

Ground  beetles 

Other  beetles 

Moths  and  caterpillars. .. 
Flies  and  hymenopterans 
Millepedes 


Myna 

Starling 

Percent 

Percent 

38.89 

62.29 

61.11 

37.71 

.45 

17.54 

.25 

7.33 

.99 

12.91 

4.99 

7.09 

11.04 

1.85 

(2) 

10.59 

Kind  of  food 


Earthworms 

Miscellaneous  animal  food 

Garbage 

Fruits 

Leafy  vegetables 

Grain 

Miscellaneous    vegetable    debris 
and  manure 


Myna 


Percent 
4.08 
8.44 
14.60 
32.49 
8.57 
2.54 

11.56 


Starling 


Percent 

(2) 

6.56 

5.04 

32.74 

(2) 

.20 

.00 


i  See  also  fig.  2. 


SUMMARY 


2  Trace. 


The  crested  myna,  or  Chinese  starling,  was  introduced  into  British 
Columbia  about  1897  by  persons  unknown,  possibly  by  an  oriental 
resident  of  the  Vancouver  district.  The  first  specimens  taken  by  a 
naturalist  were  collected  in  1904.  The  increase  of  the  bird  in  its  new 
home  was  slow,  peak  numbers  having  been  reached  about  1925  to 
1927,  and  there  appears  to  have  been  no  increase  during  the  next  few 
years.  Apparently  only  one  brood  a  year  is  raised  in  the  Vancouver 
district. 

Climatic  conditions  do  not  appear  to  favor  the  crested  myna  in 
British  Columbia,  as  regards  either  increase  in  abundance  or  extension 
of  range.  Its  further  dispersal  to  the  north  seems  barred  by  high  moun- 
tains and  forested  interior;  to  the  west  and  south  are  ocean  straits; 
hence  any  further  spread  would  apparently  have  to  be  to  the  east  or 
southeast. 

The  crested  myna  is  a  bird  about  the  size  of  the  robin,  but  its  tail 
is  shorter.  Its  general  color  is  black,  with  white  wing  patches  con- 
spicuous in  flight.  A  short  crest,  or  tuft  of  feathers  inclining  forward 
over  the  beak,  gives  it  its  specific  name.  Its  calls  and  singing  cadences 
are  clear  whistling  notes,  usually  of  a  pleasing  musical  quality. 

The  bird  places  its  nests  in  tree  holes  from  which  it  may  have  evicted 
other  birds  and  in  nearly  enclosed  cavities  about  the  eaves  and  cornices 
of  buildings.  The  nests  are  roughly  constructed  of  any  trashy  mate- 
rial available.  The  Chinese  bird  is  most  aggressive  toward  native 
species  when  it  wishes  to  use  their  nesting  sites.  It  will  then  throw 
out  their  eggs  and  young.  About  human  habitations  it  is  less  confid- 
ing than  the  English  sparrow,  and  it  is  much  more  restricted  and  less 
adaptable  than  the  latter  in  its  choice  of  nesting  sites. 

Of  clannish  habits,  after  the  nesting  season  the  birds  keep  together 
in  family  parties  until  colder  weather,  when  they  flock  in  large  num- 
bers for  feeding  and  roosting.  One  roost  in  the  city  of  Vancouver 
recently  numbered  500  to  600  birds,  but  formerly  it  was  reported  to 
have  been  larger. 
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In  the  laboratory  study  of  the  food  habits  of  the  crested  myna, 
which  was  undertaken  after  the  field  studies  of  1931-32,  117  adult 
and  20  juvenile  stomachs  were  examined.  These  were  collected  over 
the  8-month  period  from  May  to  December.  Stomach  analyses  and 
field  observations  show  that  the  bird  is  decidedly  omnivorous,  with 
a  partiality  for  fruits  and  for  foods  from  such  unsavory  sources  as 
garbage  dumps  and  manure  piles.  Availability  seems  to  be  the  chief 
factor  in  its  choice  of  food.  The  average  monthly  diet  of  adults  was 
38.89  percent  animal  and  61.11  percent  vegetable  matter,  with  fruits 
of  various  species  aggregating  32.49  percent,  insects  22.44  percent, 
garbage  14.6  percent,  and  leafy  vegetable  material  8.57  percent.  The 
nestlings  are  predominantly  insectivorous.  During  the  latter  part  of 
summer  self -feeding  juveniles  and  adults  are  highly  frugivorous. 

The  potentiality  for  harm  of  such  a  gregarious  and  omnivorous 
feeder  is  high.  Should  the  species  become  unduly  abundant  in  the 
Pacific  Coast  States,  agricultural  interests  there  might  be  seriously 
affected.  Consequently,  every  precaution  should  be  taken  to  check 
the  spread  of  this  species  and  to  prevent  its  establishment  in  the 
United  States. 
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GENERAL  CONSIDERATIONS 
VALUE  OF  THE  STUDY  ' 

American  agricultural  interests  are  vitally  concerned  with  foreign 
competitive  supplies.  No  rational  agricultural  policy  can  be  evolved 
for  production  or  for  marketing  without  a  thorough  knowledge  of 
the  developments  that  are  taking  place  in  foreign  agriculture  and 
their  probable  effects  on  world  price  levels.  A  wisely  planned  policy 
of  production  and  marketing  will  forestall  much  waste  of  capital 
and  effort,  benefiting  not  only  American  farmers  but  also  producers 
in  all  countries  that  export  to  common  destinations.  A  general 
recognition  throughout  the  world  of  the  mutual  gains  to  be  derived 
from  a  broader  knowledge  of  the  present  and  probable  future  pro- 
duction of  farm  products  in  other  countries  will  contribute  greatly 
toward  enhancing  general  well-being. 

This  bulletin  is  published  as  a  contribution  toward  that  end.  It 
analyzes  quantities  present  and  potential,  qualities  in  relation  to 
consumer  demand,  seasonal  characteristics  of  supply,  geographical 
aspects  of  production  and  export  movements,  and  certain  govern- 
mental policies  that  affect  marketing.  This  general  review  precedes 
a  discussion  of  each  important  commodity :  wool  and  mohair,  cattle 
and  other  livestock,  fruits,  tobacco,  cotton,  sugar,  and  corn  and  other 
grains. 

From  a  detailed  consideration  of  impending  agricultural  develop- 
ments in  southern  Africa  the  following  seem  evident:  (1)  A  de- 
crease in  the  production  of  wool,  mohair,  and  exportable  corn ;  (2)  an 
increase  in  the  production  of  cattle,  citrus  fruit,  deciduous  fruit, 
and  sugar;  (3)  a  probable  increase  in  the  production  of  cotton  and 
tobacco,  especially  by  natives  in  countries  south  of  the  Equator,  with 
the  exception  of  the  Union  of  South  Africa. 

The  probable  decrease  in  wool  production  transcends  all  other 
items  in  its  significance  because  the  Union  of  South  Africa  is  pre- 
dominantly a  sheep-grazing  country  and  because  South  African  wool 
represents  so  large  a  part  of  the  world's  total  annual  production. 
This  decrease  is  a  factor  distinctly  favorable  to  world-wide  agricul- 
tural rehabilitation. 

The  probable  glutting  of  English  and  other  European  markets 
with  South  African  (and  Brazilian)  citrus  fruits  during  the  months 
of  June  to  October,  and  with  South  African  deciduous  fruits  dur- 
ing the  months  of  January  to  May,  is  a  danger  which  should  be 
anticipated  by  American  fruit  interests  concerned  with  foreign  out- 
lets for  surplus  production. 

The  potential  production  in  south  and  east  African  countries  of 
cotton,  tobacco,  and  (if  prices  improve)  sugar,  is  enormous  and 
should  be  given  due  consideration. 
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Millions  of  cattle  may  eventually  be  shipped  annually  from  south- 
ern Africa  if  the  natives  come  to  consider  them  as  commercial  prop- 
erty and  if  trypanosomiasis  and  other  deadly  cattle  diseases  can  be 
controlled. 

AREA  AND  POPULATION 

A  proper  perspective  is  essential  for  an  understanding  of  the 
agricultural  situation  of  southern  Africa  (fig.  1).  The  area  of  the 
13  African  countries  lying  south  and  east  of  the  Belgian  Congo  is 


Figure  1. — Deciduous  fruit  and  wheat  are  concentrated  in  the  extreme  southern  part  of 
the  Union  of  South  Africa  and  citrus  fruit  in  the  eastern  part ;  sugar  in  a  few 
localities  along  the  eastern  coast ;  tobacco  in  the  Union  of  South  Africa,  Southern 
Rhodesia,  and  Nyasaland ;  wool  in  the  Union  of  South  Africa ;  and  cattle  throughout 
south  and  east  Africa,  except  in  the  arid  west.  Corn  is  grown  nearly  everywhere, 
except  in  the  arid  regions,  but  chiefly  north  of  Basutoland. 

almost  exactly  the  same  as  the  total  area  of  the  United  States.  The 
total  population,  however,  is  only  about  2,000,000  whites  and  ap- 
proximately 28,000,000  blacks  and  Asiatics,  which  is  only  about  one- 
fourth  of  the  population  of  the  United  States  (table  1). 

The  largest  of  these  13  countries  are  Angola  (Portuguese  West 
Africa)  and  the  Union  of  South  Africa.  The  largest  population  is 
in  the  Union,  where  about  20  percent  of  the  natives  and  90  percent 
of  the  whites  are  to  be  found.  In  each  of  4  of  these  countries  the 
Europeans  (whites)  number  less  than  2,000,  and  in  the  other  8  they 
range  up  to  50,000.  The  largest  native  populations  are  to  be  found 
in  the  Union,  in  east  Africa,  and  in  Angola. 
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Table  1. — Approximate  papulation  and  land  area  of  13  countries  of  south  and 

east   Africa 


Population 

Lane 

Country 

Europeans 
(whites) 

Natives 
(blacks) 

Mixed,  and 
Asiatics 

area 

Number 

1, 828, 175 

1,603 

2,205 

1,743 

3  24, 115 

1  49,  904 

1  13,  630 

1,462 

8  35,  751 

45,000 

5,274 

12,  529 

1,752 

Number 

5, 519,  500 

495,  937 

110,  295 

150, 185 

*  261, 117 

6  965,  769 

1  1, 372,  000 

1, 210,  344 

4  3,  665,  502 

2, 650,  000 

4,  740,  706 

2,  736,  000 

3, 149,  000 

Number 

783,800 

1,241 

451 

1,055 

2  30, 845 

5  3,800 

1 ,000  square 
miles 
472 

12 
7 
275 
322 
150 
288 

40 
297 
485 
365 
225 

94 

1,000  acres 

302, 027 

7,498 

4,291 

176,000 

206, 245 

96,227 

184,320 

25,600 

190,483 

310, 254 

Bechuanaland 2 -     , ...  - 

?669 
(8) 

Tanganyika - - 

15,000 
41, 140 
11, 613 

233, 600 

Kenya3 --  

144,000 

60, 160 

Total11 

2,  023, 143 

27, 026,  355 

889,  614 

"  3,  032 

1, 940,  705 

1  1931  census  (natives,  Asiatics,  and  mixed  population  estimated). 

2 1921  census. 

3 1926  census. 

*  1929  estimate. 

6 1928  estimate. 

« 1925. 

7  Asiatics  only. 

8 1928  includes  Asiatics  and  mixed. 

8  Not  separately  reported. 
™  1927. 

11  Population  in  1933  probably  somewhat  larger,  especially  with  respect  to  natives. 

12  Comparative  total  area  of  United  States,  3,026,789  square  miles 


HISTORICAL  BACKGROUND 

European  progress  in  south  Africa  and  in  North  America  provide 
many  points  of  similarity.  Both  countries  were  discovered  by  white 
men  in  an  effort  to  facilitate  trade  with  the  East  Indies.  The  colo- 
nization of  south  Africa  was  begun  by  the  Dutch  in  1652,  only  45 
years  after  the  first  colonization  of  North  America  by  the  English. 
Both  encountered  primitive  types  of  indigenous  people  with  primi- 
tive types  of  agriculture. 

The  parallel  should  not  be  too  closely  drawn.  The  original  situa- 
tion and  the  rate  of  change  differed.  The  red  men  of  North  America 
were  typically  roving  hunters ;  the  black  men  of  south  Africa  were 
typically  pastoralists  with  their  herds  of  cattle  and  flocks  of  sheep. 
North  America  was  colonized  to  take  advantage  of  promising  agri- 
cultural possibilities;  south  Africa  was  colonized  originally  merely 
to  serve  as  a  provisioning  station  for  vessels  engaged  in  the  East 
Indian  trade.  North  America  offered  superior  advantages  for  colo- 
nization. It  was  closer  to  Europe,  and  the  rainfall  was  more  suit- 
able for  farming  purposes.  Even  with  improvements  in  ocean  trans- 
portation, settlement  in  south  Africa  did  not  surge  forward  as  in 
North  America.  Were  it  not  for  the  stimulating  influence  of  enor- 
mous mineral  resources,  which  attracted  settlement  and  encouraged 
food  production  for  the  mining  population,  south  African  agricul- 
tural development  would  have  been  even  further  delayed  pending 
the  more  complete  exploitation  of  more  attractive  agricultural  areas; 
in  other  continents.  The  historical  lag  in  agricultural  development 
truly  reflects  poorer  agricultural  resources. 
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South  African  agriculture  has  now  become  increasingly  important 
because  of  the  pressure  of  population  on  the  better  grade  of  agricul- 
tural lands  in  other  continents  and  because  of  improvements  in 
refrigerated  ocean  transportation  which  have  minimized  the  dis- 
advantage of  location  remote  from  the  important  European  markets. 

RESOURCES 

Southern  Africa,  from  Capetown  to  the  headwaters  of  the  Nile 
at  the  Equator,  is  a  high  plateau  of  ancient  geological  origin.  This 
area,  located  south  and  east  of  the  Belgian  Congo,  is  fairly  homo- 
geneous as  to  geographical  characteristics.  Inland  from  any  point 
on  this  long  coastline,  the  elevation  rapidly  rises  to  several  thou- 
sand feet.  There  are,  therefore,  no  navigable  rivers.  Instead  of  a 
tropical  jungle  there  are,  even  far  north  toward  the  Equator,  grass- 
or  bush-covered  plains  with  scattered  trees  of  scrubby  growth  where 
the  rainfall  is  sufficient  for  trees. 

Erosion  on  this  ancient  plateau  has  been  irregular  so  that  the 
plains  are  studded  with  small  rocky  hills  (kopjes).  There  are  few 
mountains,  although  the  outer  edges  of  the  plateau,  indented  by 
erosion,  present  a  mountainous  appearance.  It  is  actually  mountain- 
ous along  the  eastern  edge  of  the  plateau,  especially  in  Basutoland. 
Volcanic  mountains  occur  northward  from  Basutoland  to  equatorial 
Kenya.  Mount  Kilimanjaro,  in  Tanganyika  near  the  Kenya  border, 
is  almost  20,000  feet  high. 

As  the  plateau  is  mostly  from  2,000  to  6,000  feet  high,  the  moderat- 
ing influence  of  high  elevation  creates  temperate  conditions  even  in 
equatorial  Kenya.  A  tropical  climate  occurs  only  on  the  coastal  belt 
within  20°  of  the  Equator. 

From  Lake  Victoria  on  the  Equator,  headwaters  of  the  Nile, 
southward  to  Lake  Nyasa,  there  occurs  a  strange  geological  phe- 
nomenon, the  Rift  Valley,  apparently  caused  by  the  pulling  apart 
of  the  earth's  crust.  Along  these  lakes  the  elevation  is  only  1,600 
to  3,700  feet,  and  the  climate  is  subtropical  or  tropical. 

The  soils  of  southern  Africa  are  not  very  fertile  although  there 
are  notable  exceptions.  Nitrogen  and  phosphorus  deficiency  is  gen- 
eral. Erosion  has  left  only  a  shallow  layer  of  stony  soil  overlying 
solid  rock  over  many  thousands  of  square  miles.  Within  recent 
years  overgrazing  has  induced  erosion  in  the  valleys  of  good  alluvial 
soil.  Torrential  thunderstorms  and  floods  make  crop  production 
along  the  narrower  valleys  precarious.  Good  soils  are  found  around 
Basutoland  and  in  north-central  Transvaal.  The  most  productive 
soils  occur  along  the  base  of  the  mountains  or  kopjes.  Most  of  the 
soil  in  southern  Rhodesia  is  a  gravelly  granitic  soil  (the  sand  veld) 
which  is  not  fertile,  but  there  is  also  a  large  area  of  red  loamy  soil, 
especially  in  the  north-central  part,  which  is  good.  The  areas  of 
black  clay  "  cotton "  soil  in  east  Africa  are  fertile.  Scattered 
throughout  the  entire  plateau  area  are  many  small  swales  (vleis) 
in  which  the  black  alluvial  soil  is  unusually  fertile. 

Rainfall  is  deficient  for  agriculture  in  a  large  part  of  South  Africa. 
In  addition,  it  falls  only  during  the  summer  months  (October  to 
March)  in  most  areas,  and  the  teed  problem  is  serious,  during  the 
dry  winter  months  (table  2).    Moreover,    the  rains  are  chiefly  of 
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the  thunderstorm  type.  This  causes  serious  loss  of  moisture  through 
run-off,  loss  of  soil  from  erosion,  and  the  depositing  of  silt  causes 
loss  of  storage  capacity  in  irrigation  reservoirs. 

Table  2. — Rainfall:  Normal  seasonal  distribution  at  seven  stations,  southern 

Africa 


Month 

Malmes- 
bury, 

Union  of 
South 
Africa 

Pretoria, 

Union  of 

South 

Africa 

Salisbury, 
Southern 
Rhodesia 

Mazabuka, 
Northern 
Rhodesia  • 

Beira, 
Mozam- 
bique 

Morogoro, 
Tangan- 
yika 

Eldama 
Ravine, 
Kenya 

Inches 

0.4 

.4 

.5 

1.1 

2.6 

3.1 

2.6 

2.5 

1.9 

1.3 

.8 

.5 

Inches 

5.7 

4.4 

3.9 

1.3 

.7 

.1 

.3 

.5 

.6 

2.7 

4.6 

4.4 

Inches 

6.1 

5.2 

6.0 

1.0 

.3 

.0 

.0 

.0 

.3 

1.3 

3.3 

6.7 

Inches 

9.2 

2.0 

4.9 

.3 

.0 

.0 

.0 

.0 

.0 

.4 

2.3 

8.3 

Inches 

12.6 

11.0 

11.2 

4.4 

2.6 

1.2 

1.1 

1.1 

.8 

1.6 

5.1 

9.7 

Inches 

3.2 

3.4 

5.2 

6.3 

2.0 

.9 

.3 

.4 

1.2 

1.2 

2.0 

3.7 

Inches 
1. 1 

1.9 

March 

3.8 

April 

6.5 

May 

6.2 

June 

4.3 

July.. 

4.9 

5.2 

2.6 

2.6 

3.2 

December 

1.7 

Total 

17.7 

29.2 

30.2 

27.4 

62.4 

29.8 

44.0 

1  Season  of  July  1927  to  June  1928,  which  was  fairly  normal. 

Normals  are  averages  over  a  long  period.  Note  the  dry  winter  months  (April  or  May  to  September) 
except  at  the  extreme  southwest  (Malmesbury)  and  at  the  Equator  (Kenya).  October,  November,  and 
December  are  corn-planting  months;  April,  May,  and  June  are  corn-harvesting  months.  In  Kenya  corn 
is  planted  in  November  (short-rains  crop)  or  in  February  and  March  (long-rains  crop)  and  requires  8  or  9 
months  to  reach  maturity.    Malmesbury  is  in  a  winter  wheat  area  where  corn  is  not  grown. 

Crop  production  is  precarious  west  of  the  20-inch-rainfall  line 
which,  extending  northward  from  Port  Elizabeth,  delimits  the  larger 
part  of  the  Union  of  South  Africa.  Arid  areas  with  less  than  5  inches 
of  rainfall  per  year  cover  a  considerable  part  of  northwestern  Cape 
Province  in  the  Union  and  of  Bechuanaland.  Rainfall  along  the 
eastern  edge  of  the  plateau  and  along  the  eastern  coast  amounts  to  30 
or  40  inches  per  year  (as  in  our  own  Midwestern  States)  and  in  the 
more  mountainous  areas  amounts  to  50  or  60  inches.  These  rains, 
especially  in  the  coastal  mist  belt,  are  less  frequently  torrential 
thunderstorms.  Most  of  the  agricultural  production  is  in  the  eastern 
areas. 

Along  the  southwestern  coast  of  South  Africa  the  rains  fall  during 
the  winter  months  (March  to  September)  instead  of  during  the  sum- 
mer months — typical  elsewhere  in  South  Africa.  This  makes  live- 
stock grazing  more  precarious  and,  as  in  southern  California,  facili- 
tates the  production  of  deciduous  fruits  and  winter  grains. 

In  Uganda,  Kenya,  and  parts  of  Tanganyika  (closer  to  the 
Equator)  the  rainfall  is  more  evenly  distributed  throughout  the  year 
and,  in  the  principal  agricultural  areas,  amounts  to  40  to  60  inches 
per  year. 

Temperature  conditions  also  affect  the  agriculture  of  south  and  east 
Africa.  Generally  speaking,  they  are  more  favorable  than  moisture 
and  soil  conditions.  Freezing  temperatures  occur  at  night  on  most 
of  the  high  plateau  during  the  winter  months  of  June,  July,  and 
August,  but  the  sunny  winter  days  are  warm  enough  to  make  central 
heating  of  residences  unnecessary.  The  destruction  of  fruit  by  frosts 
rarely  occurs,  but  citrus-fruit  production  is  possible  only  at  the  lower 
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elevations.  Snow  seldom  falls  except  in  the  mountains  of  the  winter- 
rainfall  area  near  Capetown,  and  grazing  lands  are  seldom  snow- 
covered. 

In  east  Africa  frosts  rarely  occur  and  snows  never  fall  except  in 
the  mountains.  Summer  shade  temperatures  on  the  high  plateau 
seldom  reach  90°  F.,  but  the  direct  rays  of  the  sun,  especially  within 
20°  of  the  Equator  and  at  the  higher  elevations  are  intense.  Along 
the  coast  and  along  the  lake  shores  of  east  Africa,  summer  tempera- 
tures rise  above  100°  and  the  climate  is  tropical. 

Variations  in  elevation,  therefore,  give  rise  to  marked  variations  in 
climate.  In  the  Union  of  South  Africa  the  coastal  sugarcane  area  is 
only  200  miles  from  an  inland  area  which  is  too  cold  for  corn.  In 
Kenya  one  may  pass  from  the  tropical  area  of  coconuts,  cotton,  and 
coffee  to  the  temperate  area  of  wheat  and  corn  within  a  relatively 
short  distance. 

The  countries  located  on  or  near  the  Equator  have  the  disadvantage 
of  fewer  hours  of  daylight  during  the  summer  season.  In  those 
countries  the  summer  days  are  no  longer  than  the  winter  days.  This 
retards  plant  growth  in  the  summer  months  as  compared  with  sum- 
mer growth  in  areas  farther  from  the  Equator,  where  summer  days 
are  longer.  In  Kenya  it  requires  8  or  9  months  for  corn  to  reach 
maturity. 

Hailstorms  interfere  seriously  with  the  growing  of  crops  in  the 
high  plateau  of  South  Africa  and  make  orchard  production  particu- 
larly hazardous.  Corn  crops  are  also  subject  to  considerable  damage 
although  the  areas  affected  may  be  a  small  part  of  the  total  in  any 
year. 

Locusts  cause  serious  injury  to  crops  in  east  Africa,  but  European 
settlement  in  south  Africa  is  sufficiently  close  to  permit  the  destruc- 
tion of  most  of  the  young  hoppers  before  they  swarm.  Only  rarely 
do  flying  swarms  invade  the  Union  of  South  Africa  in  sufficient 
numbers  to  cause  extensive  damage  but  constant  vigilance  by  Gov- 
ernment officers  is  necessary  to  kill  the  young  hoppers  which  result 
from  eggs  laid  by  invading  swarms.  In  east  Africa  locust-breeding 
grounds  are  too  extensive  to  be  effectively  controlled  by  the  small 
European  population,  and  locust  damage  to  crops  is  a  serious 
impediment  to  agricultural  development. 

The  field  and  orchard  crops  are  subject  to  most  of  the  same 
insects  and  diseases  that  occur  in  the  United  States  and,  in  addition, 
serious  damage  to  fruit  crops  is  caused  by  false  codling  moth  and 
fruit  flies.  Jassids  (leaf  hoppers)  cause  serious  reduction  in  cotton 
crops,  but  resistant  varieties  and  strains  are  being  developed.  To- 
bacco worms  are  not  found. 

The  livestock  industry  is  seriously  handicapped  by  various  dis- 
eases. Among  sheep  the  blowfly  is  a  constant  source  ot  loss.  Among 
cattle,  tick-borne  diseases  commonly  occur,  and  in  most  areas  weekly 
dipping  is  compulsory  by  law.  The  tsetse  fly  renders  a  large  part 
of  the  Rhodesias  and  east  Africa  useless  for  cattle  grazing.  Foot- 
and-mouth  disease  has  recently  occurred  in  Southern  Rhodesia  and 
a  few  parts  of  the  Union  of  South  Africa.  Rinderpest  decimated 
the  herds  of  cattle  and  wild  game  in  1898  and  still  occurs  in  Tan- 
ganyika. Many  authorities  believe  that  the  veterinarian  holds  the 
key  to  the  future  agriculture  of  south  and  east  Africa, 
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Human  diseases,  especially  malaria  and  African  sleeping  sickness, 
have  impeded  European  settlement  in  some  of  the  tropical  parts  of 
south  and  east  Africa,  but  the  high  plateaus  are  remarkably  health- 
ful. Modern  control  measures  have  minimized  this  disease  factor 
that  has  been  retarding  settlement. 

CROPS  AND  LIVESTOCK 

Most  of  south  and  east  Africa  is  grazing  land  and,  because  of 
natural  conditions,  will  so  continue.  Only  5  percent  of  the  land  in 
the  farms  of  Europeans  in  the  Union  of  South  Africa  is  in  crops 
(6.4  percent  including  fallow  land,  orchards,  vineyards,  and  timber 
plantations).  In  the  native  reserves  the  percentage  is  even  lower. 
In  the  other  south  and  east  African  countries  the  percentage  in  crops 
is  extremely  small.  The  crop  areas  are  usually  scattered  and  unlike 
as  to  products  grown. 

At  the  extreme  southern  tip  of  the  continent,  in  the  vicinity  of 
Capetown,  is  located  an  intensive  deciduous-fruit  industry  which  out- 
weighs in  importance  the  deciduous-fruit  production  of  all  other 
African  areas  south  of  the  Equator.  Most  of  the  wheat  and  all  of 
the  Turkish  tobacco  production  of  the  Union  of  South  Africa  is  also 
produced  in  this  one  limited  area.  The  fact  that  the  rain  falls  dur- 
ing the  winter  months  is  the  determining  factor  in  locating  these 
industries  in  this  area. 

The  citrus-fruit  areas  are  more  widely  scattered.  The  principal 
orange-growing  districts  are  located  at  the  lower  elevations  near  Port 
Elizabeth  in  eastern  Cape  Province  and  north  and  east  of  Johannes- 
burg in  Transvaal  Province,  but  secondary  areas  are  located  in 
Natal  and  in  southwestern  Cape  Province.  Outside  of  the  Union, 
citrus  production  is  of  minor  importance.  There  are  two  citrus- 
growing  areas  in  Southern  Rhodesia — one  near  Salisbury  in  the 
north-central  part  and  the  other  on  the  railroad  near  the  Mozam- 
bique border.  This  latter  area  extends  eastward  into  Mozambique 
but  is  of  minor  importance.  One  other  area  in  Mozambique,  located 
near  Lourenco  Marques,  produces  oranges  and  grapefruit  for  export. 

Tobacco-producing  areas  are  widely  scattered  from  the  Equator  to 
the  southern  end  of  the  continent  but  the  three  most  important  areas 
are  located  in  Southern  Rhodesia  near  Salisbury,  in  the  southern 
end  of  Nyasaland  and  in  the  northern  part  of  the  Union.  There  are 
also  several  less-important  tobacco-growing  areas  in  the  Union  at 
various  points  along  the  eastern  edge  of  the  plateau.  Most  of  the 
Rhodesian  tobacco  is  flue-cured ;  the  Nyasaland  tobacco  is  fire-cured ; 
and  the  Union-grown  tobacco  is  air-cured.  These  distinctions  are 
attributable  partly  to  the  difference  in  soil  and  partly  to  the  inclina- 
tions and  the  technical  skill  of  the  growers.  Nearly  all  of  the  tobacco 
grown  in  Southern  Rhodesia  and  the  Union  is  grown  by  European 
farmers,  whereas  most  of  the  tobacco  grown  in  Nyasaland  is 
produced  by  natives. 

Cotton  is  not  grown  extensively  in  the  Union  or  Southern  Rho- 
desia, although  there  are  a  few  cotton-growing  areas  in  the  northern 
part  of  the  Union,  especially  at  low  elevations  where  temperatures 
are  relatively  high.  Cotton  production  is  somewhat  more  important 
in  the  lowland  areas  of  Nyasaland,  Mozambique,  and  Tanganyika. 
But  none  of  these  countries  produce  a  quantity  of  cotton  that  is  of 
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international  significance.  Uganda,  on  the  other  hand,  is  preemi- 
nently a  cotton-growing  country  and  has  recently  (1932)  increased 
its  production  to  233,000  bales  of  478  pounds  net  weight. 

Corn  is  an  important  crop  in  all  these  countries.  It  constitutes  a 
major  item  in  the  diet  of  natives  and,  in  Southern  Rhodesia  and  the 
Union  of  South  Africa,  it  constitutes  an  important  item  in  export 
trade.  Conditions  of  soil,  moisture,  and  temperature  have  brought 
about  a  relatively  high  concentration  of  corn  production  in  certain 
areas.     In  the  Union  this  area  covers  much  of  southern  Transvaal 


Figure    2. — Decreases    in    rural    population    occurred    throughout    the    principal    wool- 
producing  areas. 

and  northern  Orange  Free  State.  In  Southern  Rhodesia  the  corn 
production  is  chiefly  concentrated  around  Salisbury,  in  the  north- 
central  portion. 

Wheat  is  important  in  only  two  areas  which,  strangely,  are  at  the 
two  opposite  ends  of  the  territory  considered.  The  Union  grows 
enough  wheat  for  its  own  consumption,  nearly  all  of  which  is  pro- 
duced in  the  vicinity  of  Capetown.  Kenya,  on  the  Equator,  grows  a 
smaller  quantity  of  wheat,  but  it  is  sufficient  for  export  to  neighbor- 
ing countries  and  occasionally  for  more  distant  exportation.  The 
possibility  of  growing  wheat  on  the  Equator  is  due  to  the  moderate 
temperatures  caused  by  the  high  elevation  of  the  central  plateau  in 
Kenya,  combined  with  an  ample  rainfall  during  the  winter  months. 
Between  these  two  widely  separated  wheat-growing  areas  the  rain- 
fall occurs  during  the  summer  months,  and  winter- wheat  production 
is,  generally  speaking,  not  feasible. 
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Tropical  and  subtropical  crops  are  grown  along  the  lowlands  of 
the  east  coast,  and  to  some  extent,  near  the  interior  lakes  of  the  Rift 
Valley.  Sugarcane  is  especially  important  in  the  vicinity  of  Durban 
in  Natal  Province  of  the  Union.  Coconuts  are  grown  along  the  east 
coast  from  Mozambique  to  Kenya.  Sisal  is  an  important  crop  in  the 
eastern  part  of  Tanganyika.  Tea  and  coffee  are  grown  on  the  moun- 
tain slopes  of  Angola,  Nyasaland,  Tanganyika,  and  Kenya. 

Food  crops  are  grown  by  the  27,000,000  natives  in  these  13  coun- 
tries for  their  own  consumption.     In  the  southern  and  drier  areas 


Figure  3. — Rural  population  increased  in  northern  Transvaal,  in  northern  Cape  Province, 
and  around  the  cities  of  Johannesburg,  Bloemfontein,  Port  Elizabeth,  and  Capetown. 
The  remarkable  increase  in  the  Lichtenburg  district  was  partly  due  to  the  sudden 
development  of  alluvial  diamond  diggings. 

corn  and  kafir  constitute  the  principal  native-grown  crops.  In  Mo- 
zambique, and  to  some  extent  in  the  more  northern  countries,  natives 
grow  considerable  quantitie3  of  peanuts.  In  the  vicinity  of  Lake 
Victoria  rice  and  plantains  are  important  native  crops.  In  other 
areas  casava  and  millet  are  important  items  in  the  native  diet.  The 
combined  acreage  of  native-grown  crops  is  exceedingly  small  in  rela- 
tion to  the  total  area.  The  extent  of  forest  land  is  also  insignificant. 
Over  95  percent  of  the  land  is  used  for  grazing  livestock. 

Wooled  sheep  are  important  only  in  the  Union  of  South  Africa. 
Within  the  Union  the  production  of  wool  is  highly  concentrated  in 
the  grazing  lands  of  the  high  plateau  east  of  the  20-inch-rainfall 
line.  West  of  this  line  conditions  are  too  arid  to  support  even  sheep 
except  in  limited  numbers.  Rural  population  has  been  decreasing  in 
some  areas   (figs.  2  and  3).     In  the  northern  part  of  the  Union 
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and  northward  the  temperatures  are  too  high  and  the  character  of 
the  vegetation  is  unsuitable  for  the  successful  production  of  wool 
except  in  a  few  isolated  areas. 

Cattle  are  more  important  numerically  than  sheep.  Cattle  are 
commonly  found  throughout  the  sheep-grazing  lands  of  the  Union 
except  in  the  more  arid  portions.  Cattle  are  preeminently  suitable 
for  the  utilization  of  the  grazing  lands  which  extend  northward 
from  the  wool-producing  area.  In  these  13  south  and  east  African 
countries  there  are  about  30,000,000  head  of  cattle  as  compared  with 
about  45,000,000  head  of  sheep.  The  cattle  industry  has  not  yet 
acquired  international  importance  chiefly  because  most  of  the  cattle 
are  owned  by  natives  who  consider  their  cattle  as  measures  and  evi- 
dences of  wealth  to  be  used  primarily  for  the  payment  of  lobola 
in  the  acquisition  of  wives  rather  than  as  articles  of  ordinary 
commerce. 

Nonwooled  sheep  suitable  for  production  of  mutton  are  to  be 
found  in  the  more  arid  portion  of  the  wool-growing  area  and  in 
the  cattle-producing  areas,  which  are  too  warm  or  too  thickly  covered 
with  thorn  bush  to  make  the  production  of  wool  possible.  Common 
goats  are  also  associated  geographically  with  nonwooled  sheep,  es- 
pecially among  the  natives.  Angora  goats  for  the  production  of 
mohair  are  concentrated  in  a  small  area  near  Port  Elizabeth  in  the 
Union  of  South  Africa  and  among  the  natives  in  Basutoland.  Sheep 
for  the  production  of  karakul  skins  are  more  important  than  any 
other  class  of  sheep  or  goats  in  South-West  Africa. 

POLITICAL  SUBDIVISIONS 

That  part  of  Africa  which  is  located  south  and  east  of  the  Belgian 
Congo  is  commonly  designated  as  south  Africa  and  east  Africa  or, 
more  simply,  southern  Africa.  It  consists  of  13  countries,  of  which  the 
Union  of  South  Africa,  at  the  extreme  south,  is  the  most  important. 

UNION  OF  SOUTH  AFRICA 

The  Union  of  South  Africa  comprises  four  Provinces — Cape, 
Orange  Free  State,  Transvaal,  and  Natal,  which  were  independent 
political  units  prior  to  1910  (fig.  4).  In  many  respects  the  four 
Provinces  may  be  likened  to  States  comprising  the  United  States 
of  America.  The  Union  of  South  Africa  is  a  Dominion  in  the  Brit- 
ish Empire,  coordinate  with  Canada  and  Australia.  In  land  area 
and  general  characteristics  it  is  similar  to  the  States  of  Texas,  New 
Mexico,  and  Arizona,  taken  together.  The  similarity  is  even  closer 
if  southern  California  is  included  and  east  Texas  excluded  from  the 
area  compared. 

There  are  four  important  coastal  cities,  Capetown,  Port  Elizabeth, 
East  London,  and  Durban.  There  are  three  important  inland  cities — 
Johannesburg,  Pretoria,  and  Bloemfontein.  All  of  these  cities  are  in 
the  southern  or  eastern  part  of  the  Union,  where  most  of  the  agricul- 
tural, mining,  and  commercial  activities  of  the  Union  are  found. 
The  coastal  cities  are  chiefly  commercial.  Johannesburg  is  concerned 
chiefly  with  gold  mining.  Pretoria  is  the  administrative  capital  and 
Capetown  the  legislative  capital.  The  cities  are  populated  chiefly 
by  Europeans  of  English  or  Dutch  extraction. 
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There  are  almost  100,000  farmers  in  the  Union ;  most  of  them  are  of 
Dutch  descent,  especially  in  Orange  Free  State  and  Transvaal  Prov- 
inces. There  are  three  times  as  many  natives  in  the  Union  as  there 
are  Europeans.  Many  of  the  natives  live  in  cities,  employed  there  by 
Europeans,  and  many  live  on  European  farms  either  as  squatters  who 
give  a  certain  amount  of  labor  for  living  privileges  or  as  employed 
wage  laborers,  but  most  of  the  natives  live  in  native  reserves  located 
chiefly  east  of  Basutoland,  in  Natal,  and  in  Transvaal. 


u     i    1 — 

UNION 


Figure  4. — Agricultural  production  is  most  important  in  the  eastern  half  of  the  Union 
of  South  Africa  and  along  the  south  coast,  as  indicated  roughly  by  the  location  of  the 
railroads.  Basutoland  and  Swaziland  are  native  territories  not  under  the  Union 
government. 

BASUTOLAND,  SWAZILAND,  AND  BECHUANALAND 

There  are  three  native  protectorates — Basutoland,  Swaziland,  and 
Bechuanaland — adjacent  to  but  not  a  part  of  the  Union  of  South 
Africa.  With  minor  exceptions  these  protectorates  are  not  open  to 
European  settlement.  They  are  administered  by  the  British  Govern- 
ment and  not  by  the  Union.  There  are  only  about  2,000  Europeans 
in  each  protectorate,  and  most  of  these  are  traders  not  engaged  in 
farming.  Basutoland  and  Swaziland  are  mountainous  or  hilly  and 
have  ample  rainfall,  but  Bechuanaland  is  a  high,  arid  plateau.  The 
native  population  per  1,000  acres  in  these  three  protectorates  is  66,  26, 
and  1,  respectively.  Natives  are  mainly  interested  in  livestock,  chiefly 
cattle,  but  they  grow  large  quantities  of  corn  and  kafir  for  their  own 
consumption  and  occasionally  for  sale.  Basutoland  natives  also  pro- 
duce considerable  quantities  of  wheat,  wool,  and  mohair. 
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SOUTH-WEST  AFRICA 

South-West  Africa  is  a  mandated  territory  under  the  administra- 
tion of  the  Union  of  South  Africa.  It  is  two-thirds  as  large  as  the 
Union,  but  the  climate  is  arid,  especially  in  the  southern  part,  where 
annual  rainfall  is  less  than  10  inches.  Parts  of  the  territory  are 
mountainous.  Malaria  is  prevalent  in  the  northern  part,  which  is 
the  only  section  that  has  more  than  20  inches  of  rainfall.  As  a  re- 
sult, population  and  agricultural  production  are  relatively  unimpor- 
tant. The  chief  commercial  interest  is  in  mining.  Both  the  Euro- 
pean and  native  populations  are  small. 


SOUTHERN 
RHODESIA 


Figure  5. — Native  reserves  in  Southern  Rhodesia  occupy  22  percent  of  the  land  area. 
Tsetse-fly  infestation  bars  cattle  from  the  northern  part.  The  southern  and  western 
parts  are  arid.     Crop  production  centers  around  Salisbury. 


SOUTHERN    RHODESIA 

Southern  Rhodesia  is  a  self-governing  colony  of  the  British  Em- 
pire. It  is  slightly  larger  than  the  State  of  New  Mexico.  It  is  di- 
vided into  32  districts  (fig.  5).  A  portion  of  each  district,  with  one 
exception,  is  set  aside  exclusively  as  native  reserve;  the  aggregate  area 
in  these  reserves  is  22  percent  of  the  land  area.  The  western  half  of 
the  colony,  commonly  known  as  Matabeleland,  is  semiarid,  but  the 
eastern  part,  commonly  known  as  Mashonaland,  has  30  to  40  inches 
of  rainfall  and  even  more  than  this  along  the  eastern  border,  which 
is  mountainous.     The  Zambesi  River  constitutes  the  northern  border 
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of  the  colony  and  the  Limpopo  River  the  southern  border.  There  is 
very  little  agriculture  in  the  Zambesi  Valley  on  account  of  the  tsetse 
fly.  The  southern  part  of  the  colony  is  too  arid  for  anything  except 
cattle  grazing.  The  principal  European  farming  area  is  on  the  cen- 
tral high  plateau.  Mining  is  important  in  the  colony,  but  agricul- 
tural interests  predominate.  Southern  Rhodesia  was  first  settled  by 
Europeans  in  1890,  and  by  1932  the  European  population  was  only 
51,000  as  compared  with  approximately  1,000,000  natives. 


Figure  6. — European  settlement  in  Northern  Rhodesia  is  concentrated  in  the  south-central 
and  southeastern  areas.  Tsetse  fly  and  sleeping  sickness  bar  settlement  from  a  large 
part  of  the  country.  Native  reserves  cover  a  large  part  of  the  area  suitable  for 
settlement. 

NORTHERN  RHODESIA 

Northern  Rhodesia  is  a  British  possession  that  is  not  self-govern- 
ing. It  is  about  equal  in  size  to  the  combined  acreage  of  the  States 
of  Arizona,  Utah,  and  Nevada.  About  half  the  total  area  has  been 
set  aside  as  native  reserves  (fig.  6).  It  is  bounded  on  the  south  by 
the  Zambesi  River  and  on  the  northwest  by  the  Congo  Basin.  The 
territory  is  better  suited  for  agriculture  than  its  proximity  to  the 
Equator  (8°  to  18°  south  latitude)  would  indicate  because  its  eleva- 
tion is  approximately  3,000  to  4,000  feet.  The  normal  rainfall  in  the 
higher  northwestern  portion  is  50  to  55  inches,  gradually  decreasing 
to  25  inches  in  the  southern  portion.  Most  of  the  settled  area  receives 
normally  30  to  40  inches  of  rainfall,  most  of  which  occurs  during 
the  summer  months  November  to  April.  Of  55  reporting  stations, 
11  had  maximum  temperature  of  105°  F.  or  more  during  the  year 
1929-30  while  several  stations  reported  frost  during  the  winter 
months. 
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Northern  Rhodesia  has  been  settled  by  Europeans  within  the  last 
25  years.  In  1931  there  were  1,372,000  natives  in  the  country,  repre- 
senting a  considerable  increase  since  1921.  In  1931  there  were  only 
14,000  Europeans,  most  of  them  connected  with  copper  mining  near 
the  Congo  border.  There  are  only  about  400  European  farmers  in 
the  territory.  Most  of  them  are  situated  along  the  railroad,  which 
extends  across  the  narrow  part  of  Northern  Khodesia,  but  a  number 
are  in  the  tobacco  area  of  Fort  Jameson  in  the  vicinity  of  the  Nyasa- 
land  border.  The  farm  area  is  less  than  0.5  percent  of  the  total 
land  area,  and  the  crop  area  is  only  one-tenth  of  this.  Some  farms 
have  been  temporarily  abandoned  while  the  owners  are  working  at 
the  copper  mines.  In  the  present  condition  of  the  agricultural  depres- 
sion no  more  Government  lands  are  being  offered  for  sale.  Northern 
Ehodesia  is  less  likely  to  become  internationally  important  in  the 
agricultural  realm  than  are  the  other  countries  here  considered  be- 
cause of  its  small  European  population,  the  occurrence  of  serious 
human  diseases,  and  the  inland  location,  which  makes  exportation 
too  costly. 

NYASALAND 

Nyasaland  is  a  small  country  bordering  on  Lake  Nyasa  on  the  west 
and  south  (fig.  7).  It  is  almost  as  large  as  the  State  of  North  Caro- 
lina and  is  densely  populated  by  about  1,200,000  natives.  Europeans 
and  Asiatics  number  only  about  3,000.  Nyasaland  is  mountainous 
except  in  the  southern  part.  Frosts  occur  at  the  higher  elevations. 
The  cotton-  and  tobacco-producing  area  is  concentrated  in  the  south- 
ern part,  but  with  the  extension  of  railway  facilities  this  area  is 
reaching  northward. 

MOZAMBIQUE 

Mozambique,  also  called  Portuguese  East  Africa,  lies  along  the  east 
coast  from  about  10°  to  27°  south  latitude.  It  is  divided  into  9  dis- 
tricts, 2  of  which  are  under  the  administration  of  the  chartered  com- 
pany, Companhia  de  Mocambique.  The  remainder  are  under  the 
direct  administration  of  the  Portuguese  Colonial  Government 
although  the  2  most  northern  districts  were  formerly  under  the  ad- 
ministration of  another  chartered  company  (fig.  8).  The  colony  is 
larger  than  the  combined  areas  of  the  South  Atlantic  States.  It  is 
densely  populated  by  natives.  The  nonnative  population,  consisting 
of  Portuguese,  East  Indians,  and  people  of  mixed  blood,  numbered 
35,751  in  1928,  of  whom  about  23,000  were  living  in  the  towns  of 
Lourenco  Marques,  Beira,  Mozambique,  Inhambane,  Quelimane,  Tete, 
and  Porto  Amelia.  Most  of  the  nonnatives  are  located  in  the  south- 
ern part,  near  Lourenco  Marques  or  Beira,  the  two  ports  reached  by 
rail  from  the  interior. 

The  principal  agricultural  areas  have  a  rainfall  of  30  to  40  inches, 
most  of  which  falls,  as  in  the  Union,  during  the  summer  months, 
November  to  April.  The  colony  is  mountainous  along  the  western 
border,  where  the  climate  is  temperate.  Tropical  conditions  prevail 
along  the  coast.  Near  the  mouth  of  the  Zambesi  River  sugar  is 
important.  Along  the  coast,  north  of  the  river,  coconuts  and  sisal 
predominate.  South  of  the  river  corn,  cotton,  and  some  citrus  fruits 
are  grown.  Extension  of  the  cultivation  of  crops  is  hampered  by 
the  existence,  throughout  most  of  the  colony,  of  tsetse  fly,  which 
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makes  it  impossible  to  keep  work  oxen.  In  1929-30  there  were  only 
1,094  farmers  in  Mozambique.  Their  farm  area  represented  only 
2.5  percent  of  the  total  land  area;  and,  of  this,  less  than  one-tenth 
was  in  cultivation. 


Figure  7. — Agricultural  settlement  in  Nyasaland  is  concentrated  in  the  southern  part. 

ANGOLA 

Angola,  known  also  as  Portuguese  West  Africa,  is  situated  on  the 
west  coast  of  Africa  between  Belgian  Congo  and  South-West  Africa 
and  lies  between  6°  and  18°  south  latitude  (fig.  9).  In  the  northern 
part,  merging  into  the  Congo  Basin,  is  dense  tropical  forest.  The 
southern  part  is  dense  thorn-bush  country  and  sandy  desert.     The 
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south  coastal  area,  extending  30  to  100  miles  inland,  is  also  dry  and 
unsuitable  for  agriculture.  But  the  high  plateau  area  at  4,000  to 
6,000  feet  altitude  is  well  watered  and  has  a  few  settlements  of 


MOZAMBIQUE 

(PORTUGUESE    LAST  AFRICA) 

POLITICAL  BOUNDARIES 

AND    PRINCIPAL 

AGRICULTURAL 

AREAS 


■  Coconuts  •  500  hectares  1 1.236  acres  ) 

•  Sisal  •  2 SO  hectares  (  6/6  acres  I 

•  Cotton  '250  hectares  (  616  acres) 

•  Suaarcone  •  2S0  hec  tores  (616  acres  ) 

•  Corn  -250  hector**  (616  ocrts  ) 


Figure  8. — Agricultural  production  in  Mozambique  is  concentrated  in  the  vicinity  of  the 
towns  Lourenco  Marques,  Inhainbane,  Beira,  Mozambique,  and  Porto  Amelia.  Consider- 
able sugar,  corn,  and  sisal  are  produced  around  and  north  of  the  mouth  of  the  Zambesi 
River. 

European  farmers.  The  entire  colony  is  one-sixth  as  large  as  the 
United  States  but  is  populated  by  only  about  45,000  Europeans  and 
2,650,000  natives.    Most  of  the  Europeans  live  in  the  coastal  towns, 

96389°— 35 2 
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Luanda,  Lobito  Bay,  and  Benguela.  At  the  higher  elevations  the 
temperatures  are  moderate,  and  rainfall  is  more  favorable.  Most  of 
the  rain  falls  during  the  summer  months,  October  to  May,  with  maxi- 
mum rainfall  around  April.  Progress  in  the  colonization  of  the 
country  has  been  slow,  but  the  recent  (1931)  completion  of  a  rail- 
road from  Benguela  to  the  copper  mines  of  Northern  Rhodesia  some- 
what facilitates  inland  development  and  has  stimulated  corn 
production. 


Figure  9. — Agricultural  production  in  Angola  is  concentrated  along  the  western  border. 
Sugar,  cotton,  and  coffee  are  found  in  the  north  and  cattle  in  the  south. 

TANGANYIKA 

Tanganyika,  formerly  German  East  Africa,  is  also  very  large. 
It  is  situated  close  to  the  Equator  (2°  to  11°  south  latitude)  but 
because  of  high  elevation  in  part  of  the  territory  opportunities  are 
afforded  for  the  production  of  diverse  crops  (fig.  10).  The  principal 
agricultural  activities  are  along  the  Indian  Ocean  or  in  the  vicinity 
of  Lake  Victoria,  Lake  Tanganyika,  and  Lake  Nyasa,  along  the 
western  border.  A  railroad  crosses  the  country  from  Dar-Es-Salaam 
on  the  coast  to  Kigoma  on  Lake  Tanganyika,  and  most  of  the 
European  settlement  is  along  this  railroad.     In  1928  the  estimated 
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population  of  the  territory  was  4,500  Europeans,  4,107,000  natives, 
and  15,000  Asiatics  and  mixed  people.  The  annual  rainfall  was 
between  40  and  65  inches  in  the  northeast  corner,  40  to  80  inches  in 
the  southeast  corner,  and  40  to  60  inches  along  the  western  border. 
The  central  portion  is  semiarid.  Most  of  the  rain  falls  during  the 
summer  months,  November  to  April,  although  along  the  eastern 
coast  rainfall  is  heavy  during  the  winter  months,  May  to  October. 
Sisal,  copra,  and  cotton  are  grown  along  the  east  coastt   rice  and 


Figure  10. — In  Tanganyika  cotton  and  sisal  are  important  in  the  northern  coastal  area, 
dry-land  grains  in  the  central  area,  and  cotton  and  rice  in  the  northwestern  portion. 

cotton  in  the  lake  areas,  and  coffee  and  tea  in  the  mountainous  areas. 
Corn,  kafir,  millets,  and  peanuts  are  the  principal  crops  grown  by 
natives  throughout  the  territory. 

KENYA 

Kenya  is  located  on  the  Equator,  but  owing  to  the  high  elevation 
of  the  inland  plateau,  grain  crops  represent  an  important  part  in  the 
agricultural  program  (fig.  11).  Throughout  most  of  the  colony  the 
annual  rainfall  averages  less  than  40  inches,  and  in  the  northeastern 
part  rainfall  is  less  than  20  inches.  There  are  three  areas  with 
fairly  heavy  rainfall,  however — the  coastal  area  near  Mombasa,  with 
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more  than  40  inches,  the  central  plateau  area  around  Nairobi,  with 
40  to  60  inches,  and  the  small  area  around  the  northeastern  part  of 
Lake  Victoria,  where  the  rainfall  is  above  60  inches.  The  eastern 
coastal  area  is  devoted  to  coconut  and  sisal  production  and  the  Lake 
Victoria  area  to  coffee,  tea,  sugar,  and  sisal,  but  the  central  area, 


Figure  11. — European  settlement  and  crop  production  in  Kenya  are  concentrated  on  the 
high  lands  along  the  railroad  from  Nairobi  to  the  Uganda  border. 

extending  northwestward  toward  Uganda,  produces  considerable 
quantities  of  corn  and  wheat  at  elevations  of  5,500  and  6,500  feet. 
Kenya  is  considerably  larger  than  the  State  of  California;  but  a 
considerable  part  has  been  set  aside  for  native  reserves,  and  only 
5,206,264  acres  were  in  occupied  farms  in  1933.  This  is  only  3.6 
percent  of  the  land  area.  Of  this,  less  than  one-tenth  is  in  crops.  In 
1932  there  were  only  2,102  farms  occupied  by  Europeans.  The  total 
European  population  in  1926  was  12,529,  as  compared  with  2,736,000 
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natives  and  41,140  others.  The  European  settlements  are  chiefly  on 
high  inland  plateaus  where  rainfall  averages  25  to  35  inches  per 
year.  Unlike  the  rainfall  in  the  other  countries  here  considered, 
the  rainfall  is  well  distributed  throughout  the  year  except  in  the  dry 
season  during  November,  December,  and  January.  Kenya  possesses 
superior  possibilities  for  agricultural  development. 

UGANDA 

The  British  protectorate,  Uganda,  is  located  on  the  north  side  of 
Lake  Victoria  at  the  headwaters  of  the  Nile  (fig.  12).  It  is  about  as 
large  as  the  States  of  North  Carolina  and  South  Carolina.  It  is 
rather  densely  populated  with  natives,  but  there  are  very  few  Euro- 
peans and  practically  none  of  them  are  farmers.  Native  population 
is  concentrated  in  areas  lying  around  Lake  Victoria  and  are  largely 
concerned  with  the  production  of  cotton  for  sale  to  European  and 
Asiatic  traders.  The  rainfall  in  northeastern  Uganda  is  less  than  40 
inches.  Most  of  the  protectorate  has  40  to  60  inches  of  rainfall, 
whereas  three  areas  have  60  to  80  inches,  one  along  the  west  shore  of 
Lake  Victoria,  one  near  the  southern  end  of  Lake  Albert,  and  the 
third  and  most  important  area,  along  the  northern  extension  of  the 
railway  which  penetrates  the  east-central  part.  The  semiarid  por- 
tions in  the  northern  half  of  the  protectorate  are  used  chiefly  by  the 
natives  for  grazing  cattle,  sheep,  and  goats.  The  same  is  true  of  the 
southwestern  corner  of  the  protectorate.  The  important  cotton  areas 
are  north  and  northeast  of  Lake  Victoria.  The  development  of  the 
native  cotton  industry  in  Uganda  is  indicative  of  what  may  occur  in 
other  countries  where  the  native  population  is  large  but  as  yet  on 
only  a  self-sufficing  basis. 

FOREIGN  TRADE 

Most  of  the  foreign  trade  of  the  13  countries  in  southern  Africa 
centers  in  nonagricultural  commodities.  In  each  instance  imports 
consist  chiefly  of  textiles,  metals,  metal  manufactures,  and  gaso- 
line ;  foodstuffs  and  alcoholic  beverages  are  less  important.  Exports 
consist  chiefly  of  gold,  diamonds,  copper,  zinc,  asbestos,  and  other 
mined  products,  but  this  is  not  uniformly  true  throughout  all  13 
countries.  Agricultural  exports  predominate  from  Nyasaland, 
Mozambique,  Tanganyika,  Kenya,  and  Uganda. 

The  foreign  trade  of  the  Union  of  South  Africa  is  more  important 
than  that  of  the  other  12  countries  combined.  In  1932  exports,  in- 
cluding gold  specie,  were  valued  at  $318,548,000  (converted  at  par  of 
exchange),  not  including  ship  stores  nor  small  exports  by  land  to 
South-West  Africa,  Southern  Rhodesia,  Northern  Rhodesia,  and  the 
three  native  protectorates  (table  3).  Of  this  total,  79  percent  con- 
sisted of  mined  products,  chiefly  gold,  12y2  percent  of  livestock  prod- 
ucts, chiefly  wool;  and  8  percent  of  crops,  chiefly  fruit,  sugar,  and 
corn.  Imports  in  1932  were  $149,006,000  (converted  at  par  of  ex- 
change), not  including  small  imports  from  South-West  Africa, 
Southern  Rhodesia,  Northern  Rhodesia,  and  the  three  native  pro- 
tectorates. Imports  consisted  chiefly  of  textiles,  metals,  and  metal 
manufactures. 
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South-West  Africa  in  1930  had  total  exports  of  $12,780,777  (con- 
verted at  par  of  exchange),  consisting  chiefly  of  diamonds,  copper, 
and  vanadium.  Its  agricultural  exports  consisted  chiefly  of  hides 
and  skins,  livestock,  and  butter.     Its  imports  amounted  to  $10,318,352 


I  I  I  1 

Uganda 

CROP  AND  LIVESTOCK  PRODUCTION,  1932  AND 
AVERAGE   ANNUAL  RAINFALL 


»  Cottle  -20.000  head 
"  Sheep  -2O.00O  head 
t  Goats  =20,000  head 
m  Millet  =20.000  acres 
o  Cotton  =20,000  acres 

♦  Corn     ■    5,000  acres 

•  Coffee-    5,000  acres 
Sugarcane  -  5,000  acres 


Remaining  crops  indicated  by  name  only.  Relative  amounts  not  known 


Figure    12. — Cotton   production   in   Uganda    is   concentrated    around   Lake   Victoria   and 
livestock  production  in  the  north  and  the  extreme  southwest. 

(converted  at  par  of  exchange)  and  consisted  chiefly  of  metals, 
metal  manufactures,  textiles,  gasoline,  and  certain  foodstuffs.  Most 
of  the  trade  of  South-West  Africa  is  with  the  Union  of  Africa  and 
the  United  Kingdom. 
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Table  3. — Foreign  trade:  Union  of  South  Africa,  1931-32 

EXPORTS   TO   OVERSEAS   COUNTRIES 


Commodity- 

1931 

1932 

Unit 

Quantity  1 

Value  2 

Quantity  • 

Values 

Livestock  products: 

Wool      

Pound 

do 

236,  648, 924 

5,  442, 883 
34, 889,  052 
21, 978,  404 
21,  760,  302 

6,  541,  270 
5, 847, 445 

1,000  dol. 
27,742 
1,115 
3,586 
1,915 
1,140 
1,416 
1,579 
537 

372,  660,  575 
6, 434,  774 
41,  693,  439 
18,  570,  204 
16, 076,  428 
7, 015,  700 
5,  321,  684 

1,000  dol. 
31,927 

464 

do 

2,496 

Cattle  hides  .           .      _  .  . 

do 

1,230 

Meats  (fresh)              .    .    .  _ 

do 

776 

Butter,  cheese,  condensed  milk 

do 

1,611 
1,180 

307 

39,030 

39,991 

Short  ton 

do 

Box        ...  ... 

Crops: 

Sugar,  molasses,  and  treacle 

193,  397 

249,  295 

1,837,385 

2,  012,  733 

10,  216,  266 

2,  009,  249 

7,067 

3,881 

4,144 

2,424 

950 

177 

717 

292 

213 

3,231 

250 

182,508 
418,  197 
1, 896,  929 
2,  530, 434 
13,  338,  075 
4,  334,  975 

6,435 

Grain  (chiefly  corn)  and  grain  products. 

5,702 

4,584 

do 

3,140 

Fruit,  dried 

Pound 

do 

1,468 

Fruit,  preserves,  jams,  jellies 

349 
669 

Cotton ... 

Pound 

do 

3, 126, 322 

307,  424 

173, 082,  547 

1, 159, 416 

102, 149 

169, 023,  839 

85 

Tobacco    -.  

62 

Wattle  bark  and  extract 

do •-- 

2,399 
330 

Total,  crops..      ...  .  . 

23,346 

25,223 

Fine  ounce 

Mined  products— principal  items: 
Gold___ 

8,941,259 

184,830 
33,  678 
17,390 
2,195 
2,415 
2,658 

11,202,649 

231,  576 
4,448 

Gold  specie 

Diamonds 

Metric  carat. 

100  pounds 

Short  ton 

1,  768,  738 

198,  851 

1, 049,  151 

819,864 
198,  570 
720,236 

9,517 

Copper.. 

1,843 
1,415 
1,343 

Platinum,  asbestos,  tin. 

Total 

243,166 

250, 142 

Miscellaneous. ...    ..  . 

9,325 

3, 192 



Total  exports,  including  gold  specie. . 

314, 867 

318,  548 

IMPORTS  FROM    OVERSEAS   COUNTRIES 


Metals  and  metal  manufactures ...  ... 

67,364 
69,925 
16, 495 

20,001 
10,800 
10, 114 
40,273 

44,630 

Textiles,  yarns,  fibers,  apparel 

41,  363 
11,858 

Oils,  waxes,  resins,  paints,  varnish 

Foodstuffs  (chiefly  coffee,  tea,  rice,  fish, 
wheat)     -. -. . 

11,717 

Drugs,  chemicals,  fertilizers. ... 

8,598 

Books,  paper,  stationery. .  .    

6,962 

All  other     .      .         . 

23,  878 

Total 

234,972 

149,006 

1  Quantities  exported  in  1932  include  considerable  quantities,  especially  of  wool,  which  would  have 
been  exported  during  the  latter  part  of  1931  except  for  exchange  difficulties  following  the  abandonment  of 
the  gold  standard  by  England  in  September  1931. 

2  Values  converted  at  $4.8665  per  pound  sterling. 

Union  of  South  Africa,  Trade  and  Shipping  (46). 3  [This  (46)  and  other  italic  numbers  in  parentheses  in 
text  and  footnotes  refer  to  Literature  Cited,  p.  338.] 


Southern  Rhodesia,  in  1932,  exported,  including  re-exports,  com- 
modities valued  at  $26,217,057  (converted  at  par  of  exchange). 
Most  of  the  exports  consisted  of  gold,  but  asbestos,  coal,  tobacco, 
corn,  and  oranges,  were  also  exported.  Exports  were  destined 
chiefly  for  the  United  Kingdom,  Northern  Rhodesia,  and  the  Union 
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of  South  Africa.  Imports  in  1932  were  $20,790,306  (converted  at 
par  of  exchange) ,  consisting  chiefly  of  textiles,  metal  manufactures, 
gasoline,  wheat,  sugar,  tea,  and  alcoholic  beverages.  Imports  were 
chiefly  from  the  United  Kingdom,  the  Union  of  South  Africa,  the 
United  States,  and  Canada. 

Northern  Rhodesia  in  1929  exported,  including  re-exports,  com- 
modities valued  at  $4,510,384  (converted  at  par  of  exchange)  consist- 
ing chiefly  of  copper,  zinc,  tobacco,  hides  and  skins,  and  corn.  The 
United  Kingdom  and  nearby  countries  were  the  principal  destina- 
tions. Imports  in  1929  were  valued  at  $17,858,347  (converted  at 
par  of  exchange),  chiefly  metals  and  metal  manufactures  for  the 
mining  industry,  textiles,  and  certain  foodstuffs.  Imports  were 
chiefly  from  the  United  Kingdom,  the  United  States,  and  Germany. 

From  Nyasaland  exports,  including  reexports,  in  1932  were 
$3,839,659  (converted  at  par  of  exchange),  chiefly  tobacco,  tea,  and 
coffee  shipped  to  the  United  Kingdom.  Imports  in  1932  were 
$3,603,084  (converted  at  par  of  exchange),  chiefly  cotton  and  metal 
manufactures  from  the  United  Kingdom. 

From  Mozambique  exports  in  1932  were  $9,055,806  (converted  at 
par  of  exchange),  chiefly  gold  specie,  vegetable  oils,  cotton,  sisal, 
sugar,  corn,  and  fruits.  Imports  in  1932  were  $13,589,412  (converted 
at  par  of  exchange) ,  consisting  chiefly  of  textiles,  metals,  and  metal 
manufactures.  Most  of  the  imports  were  from  the  Union  of  South 
Africa,  Great  Britain,  and  Portugal.  Exports  were  destined  chiefly 
for  Portugal,  the  Union  of  South  Africa,  and  France. 

Angola  in  1930  exported  commodities  valued  at  $10,542,688  (con- 
verted at  par  of  exchange),  chiefly  diamonds,  corn,  coffee,  sugar,  and 
fish.  Imports  in  1930  were  $11,068,222  (converted  at  par  of  ex- 
change), chiefly  textiles,  vehicles,  gasoline,  wine,  flour,  and  olive  oil, 
from  Portugal,  the  United  Kingdom,  Germany,  and  the  United 
States. 

Tanganyika  in  1932  exported  commodities  valued  at  $10,658,355 
(converted  at  par  of  exchange),  consisting  chiefly  of  sisal,  coffee, 
cotton,  hides,  copra,  and  rice.  The  principal  destinations  were 
United  Kingdom,  Belgium,  Uganda,  and  Germany.  Imports  in  1932 
were  $9,748,291  (converted  at  par  of  exchange),  chiefly  textiles,  ce- 
ment, metals  and  metal  manufactures,  tobacco,  sugar,  flour,  and 
alcoholic  beverages,  most  of  which  were  imported  from  the  United 
Kingdom,  India,  and  Japan. 

Kenya  and  Uganda  in  1932  exported  commodities  valued  at  $21,- 
927,768  (converted  at  par  of  exchange),  of  which  $11,100,399  (at 
par)  was  from  Kenya  and  $10,827,369  (at  par)  from  Uganda.  The 
exports  consisted  chiefly  of  cotton,  coffee,  corn,  sisal,  and  hides  and 
skins.  Exports  were  chiefly  to  the  United  Kingdom  (39  percent)  and 
other  British  possessions  (44  percent).  Imports  into  the  two 
countries  in  1932  were  $23,722,105  (converted  at  par  of  exchange), 
consisting  chiefly  of  cotton  textiles,  gasoline,  and  machinery.  Im- 
ports were  chiefly  from  the  United  Kingdom  (39  percent),  British 
possessions  (24  percent),  and  Japan  (11  percent). 

Foreign -trade  statistics  are  not  separately  compiled  for  the  three 
native  protectorates  Basutoland,  Swaziland,  and  Bechuanaland. 

The  confusion  in  foreign  exchange  rates  during  recent  years  often 
makes  it  necessary  to  convert  foreign  currency  into  American  cur- 
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rency  at  par  of  exchange  although  actually  the  rates  of  exchange 
vary.  Tables  4  and  5  show  the  actual  exchange  rates  between  the 
Union  of  South  Africa  and  the  United  States  since  1918.  Between 
1919  and  1925  the  South  African  currency  was  depreciated  approxi- 
mately to  the  same  extent  as  English  sterling.  The  Union  of  South 
Africa  did  not  depart  from  the  gold  standard  with  England  in 
September  1931,  although  the  other  British  countries  in  southern 
Africa  did.  However,  since  January  1933  the  currency  of  the  Union 
of  South  Africa  has  also  been  depreciated  approximately  to  the  same 
extent  as  English  sterling. 

Table  4. — Exchange  rates:  Average  value  of  the  Union  of  South  African  pound 
in  United  States  dollars,  by  months,  January  1930-December  1933  * 


Month 


January. 
February 
March.. _ 

April 

May 

June 


1930 


$4.85 
4.84 
4.84 
4.84 
4.84 
4.84 


1931 


$4.83 
4.83 
4.83 
4.84 
4.84 
4.84 


$4.71 
4.71 
4.75 
4.73 
4.80 
4.80 


1933 


$3.46 
3.41 
3.40 
3.54 
3.89 
4.09 


Month 


July 

August 

September. 
October. .. 
November. 
December . 


$4.84 
4.85 
4.84 
4.84 
4.83 
4.83 


1931 


$4.83 
4.83 
4.71 
4.82 
4.68 
4.71 


1932 


$4.78 
4.78 
4.77 
4.76 
4.78 
4.79 


$4.44 
4.49 
4.61 
4.61 
5.09 
5.06 


1  Noon  buying  rate  for  cable  transfers  payable  in  foreign  currencies.  Par  of  exchange,  based  upon  the 
gold  content  of  the  two  currencies  is  $4.8665  per  pound  (24.3  cents  per  shilling).  The  buying  rate  is  the  price 
paid  by  the  bank  for  South  African  pounds  and  is  usually  slightly  below  par.  The  selling  rate  is  the  price 
charged  by  the  bank  for  South  African  pounds  and  is  usually  slightly  higher  than  par. 

January  1930-February  1933,  from  Statistical  Year-book  of  the  League  of  Nations,  1932-33  (16);  March- 
December  1933,  quotations  of  Federal  Reserve  Board. 


Table  5. 


-Exchange  rates:  Average  value  of  the  Union  of  South  African  pound 
in  United  States  dollars,  annual,  1918-33 


Year 

Exchange 
value 

Year 

Exchange 
value 

Year 

Exchange 
value 

1918 

$4.77 
4.44 
3.63 
3.88 
4.39 

1924 

$4.54 
4.84 
4.84 
4.84 
4.84 
4.83 

1930 

$4.84 

1919-. 

1925 

1931 

4  81 

1920 

1926  .. 

1932 

4  77 

1921.. 

1927 

1933 

4.15 

1922. 

1928 

1923 

4.51 

1929 

1918-23,  computed  from  quotations  on  the  South  African  pound  in  London  and  the  British  pound  in 
New  York;  1924-33  from  Statistical  Year-book  of  the  League  of  Nations,  1932-33  (16). 

WOOL 


INTERNATIONAL  SIGNIFICANCE 

The  Union  of  South  Africa  is  primarily  a  grazing  country  similar 
in  extent  and  general  characteristics  to  the  States  of  Texas,  New 
Mexico,  and  Arizona.  Only  5  percent  of  the  land  is  in  crops  and  a 
negligible  part  in  forests.  The  great  majority  of  it  is  grazing  land. 
The  value  of  grazing,  measured  in  terms  of  output,  was  estimated  at 
the  low  prices  of  1932  to  be  $57,000,000  for  sheep  and  $74,000,000 
for  cattle,  but  much  of  the  latter  represents  grazing  for  work  oxen. 
Commercially,  sheep  are  more  important  than  cattle.  Wool  is  the 
most  important  agricultural  product  in  the  Union  and  is  second  only 
to  gold  among  its  exports  (table  3).  In  1932  exports  of  gold  and 
gold  specie  were  $236,000,000,  wool  exports  $32,000,000,  and  total 
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overseas  exports  $319,000,000.  During  the  years  1924  to  1929  when 
wool  prices  were  high,  the  value  of  wool  exports  was  2  or  3  times 
the  1932  figure. 

The  Union  of  South  Africa  is  one  of  the  principal  wool-producing 
countries  of  the  world.  Its  annual  production  of  slightly  more 
than  300,000,000  pounds  represents  10  percent  of  the  world  produc- 
tion, excluding  those  of  Russia  and  China,  and  its  annual  exports  are 
about  14  percent  of  the  total  world  exports.  Its  production  is  almost 
equal  to  that  of  the  United  States  or  Argentina  and  is  greater  than 
that  of  New  Zealand  but  is  only  about  one-third  as  great  as  Austra- 
lian production.  Most  of  the  wool  from  the  Union  of  South  Africa 
is  fine  Merino,  and  for  this  kind  of  wool  the  Union  of  South  Africa 
is  second  in  importance  only  to  Australia. 

The  Union  has  an  area  equal  to  our  three  large  Southwestern 
States,  Texas,  New  Mexico,  and  Arizona,  but  it  has  five  times  as 
many  sheep  as  there  are  in  those  States.  The  further  development 
of  wool  production  in  the  Union  would  have  a  profound  influence 
on  world  prices  for  wool,  especially  of  the  finer  types.  Prior  to  1930, 
20  to  35  percent  of  the  combing  and  clothing  wool  consumed  in  the 
United  States  was  imported  largely  from  Australia  but  partly  from 
the  Union  of  South  Africa.  Even  in  1932,  when  wool  imports  were 
greatly  reduced,  some  wool  of  these  types  was  imported  from  these 
countries.  The  conclusion  is  inescapable  that  American  wool  in- 
terests are  affected  by  wool  production  in  the  Union  of  South  Africa. 

Of  the  13  countries  in  south  and  east  Africa — 11  British  and 
2  Portuguese — only  the  Union  of  South  Africa  and  the  small  native 
protectorates,  Basutoland  and  Swaziland,  farthest  from  the  Equator, 
are  important  wool  producers.  The  others  are,  in  the  main,  too 
warm  for  wooled  sheep.  Exports  from  Basutoland  and  Swaziland 
move  through  Union  ports  so  that  separate  treatment  of  these  coun- 
tries here  is  not  necessary. 

TREND  OF  PRODUCTION  IN  THE  UNION  OF  SOUTH  AFRICA 

During  the  five  wool  seasons  ended  in  1933,  production  in  the  Union 
of  South  Africa  has  been  slightly  in  excess  of  300,000,000  pounds  per 
year.  Production  in  the  next  few  years  is  expected  to  be  somewhat 
smaller  owing  to  the  unusual  drought  during  1932-33.  The  1934-35 
clip  is  estimated  to  be  only  245,000,000  pounds,  the  smallest  since 
1925-26.  Production  is  not  expected  greatly  to  exceed  300,000,000 
pounds  even  after  the  effects  of  the  drought  have  been  overcome. 
Several  facts  lead  to  the  conclusion  that  the  rapid  expansion  in  wool 
production  which  has  characterized  the  last  25  years  has  come  to  an 
end.  As  grazing  lands  are  becoming  overstocked  and  the  carrying 
capacity,  in  some  cases,  is  being  impaired,  the  sheep  are  more  likely 
to  suffer  from  drought  than  in  earlier  years.  The  efforts  to  improve 
the  carrying  capacity  of  the  grazing  lands  for  sheep  offer  little 
hope  of  rapid  or  material  improvement.  Most  of  the  sheep  are 
improved  Merinos  which  are  already  producing  almost  as  much  wool 
per  sheep  as  is  possible  without  altering  the  fineness  of  the  wool.  In 
the  future,  more  sheep  and  lambs  will  be  slaughtered  for  meat  to  sup- 
ply the  increasing  per  capita  local  consumption  and  the  newly  de- 
veloped export  demand  for  lamb.    To  some  extent  sheep  will  give 
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way  to  cattle  in  the  northern  areas  where  they  compete  for  the  use 
of  grazing  land.  This  will  be  particularly  true  while  work  oxen  are 
more  economical  than  tractors  in  the  corn  belt,  and  Avhile  the  export 
of  chilled  beef  is  more  profitable  than  the  export  of  wool.  Wool 
production  in  the  Union  of  South  Africa  has  reached  approximately 
its  maximum  level  of  production,  although  production  will  vary  from 
year  to  year,  depending  upon  rainfall,  the  price  of  wool,  the  price 
of  cattle,  and  the  extent  to  which  shearing  of  short  wools  at  the  end 
of  the  season  draws  upon  the  following  year's  production. 

Wooled  sheep  were  introduced  into  Cape  Province  during  its  early 
colonial  days,  but  the  commercial  developments  date  only  from  about 
1840  (fig.  16).  In  1904  the  Union  had  11,820,000  wooled  and 
4,502,000  nonwooled  sheep.  By  1911  these  numbers  were  practically 
doubled.     By  1930  wooled  sheep  had  more  than  doubled  again,  while 
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Figure  13— Number  of  Sheep,  Goats,  and  Cattle,  Union  of  South  Africa 

1911-33. 


Wooled  sheep  have  increased  in  number  until  recently  while  nonwooled  sheep  have 
decreased.  Cattle  have  increased  at  the  same  rate  but  not  in  identical  years.  Goats 
have  decreased,  Angora  goats  rapidly  and  common  goats  slowly.  Grazing  lands  are  now 
more  largely  used  for  wooled  sheep  and  cattle  than  formerly. 

nonwooled  sheep  had  receded  to  the  1904  number.  The  most  spec- 
tacular increase  in  number  of  wooled  sheep  occurred  between  1920 
and  1930,  even  exceeding  a  similar  expansion  in  the  United  States 
during  that  period  (fig.  13).  In  1  year,  1929-30,  wooled  sheep  num- 
bers increased  9  percent,  and,  in  fact,  12  percent  in  Cape  Province. 
Between  1924  and  1930  they  increased  62  percent.  Since  1931  the 
number  has  declined,  chiefly  because  of  drought  and  low  wool  prices. 
The  total  number  will  probably  not  exceed  50,000,000  for  many  years 
to  come. 

Most  of  the  sheep  in  the  Union  are  located  in  the  grazing  lands 
surrounding  mountainous  Basutoland  excepting  that  the  area  east  of 
Basutoland,  being  native  reserve,  is  given  over  mostly  to  cattle  (figs. 
14  and  15).  The  northern  part  of  this  semicircular  sheep  area  blends 
into  the  cattle  area,  and  there  both  sheep  and  cattle  are  found  in 
large  members.  West  of  the  20-inch-rainfall  line  (a  line  running 
north  from  Port  Elizabeth  to  Mafeking)  the  rainfall  is  so  low  that 


28       TECHNICAL   BULLETIN    46  6,   XT.   S.   DEPT.   OF   AGRICULTURE 

the  natural  grazing  consists  only  of  karoo  bushes  of  various  kinds. 
In  this  large  area  sheep  are  much  fewer  per  100  acres,  and  there  are 
practically  no  cattle,  but  there  is  a  large  tonnage  of  wool.  An  irreg- 
ular belt  bordering  the  20-inch-rainfall  line  is  mixed  veld,  both 
karoo  bushes  and  grass,  used  chiefly  for  sheep.  The  grassland  areas 
south  of  Basutoland  were  formerly  used  chiefly  for  cattle,  but  after 
being  closely  grazed  the  grass  covering  has  so  changed  in  character 
that  it  is  now  used  chiefly  for  sheep. 

Competition  for  the  use  of  grazing  land  lies  not  only  between  sheep 
and  cattle  but,  especially  in  the  drier  sheep  areas,  between  wooled 
sheep,  nonwooled  sheep,  Angora  goats,  and  common  goats  (table  8). 
The  original  sheep  in  south  Africa  were  fat-tailed  and  were  covered 


Figure  14. — Wooled  sheep  are  produced  mostly  around  Basutoland,  where  rainfall  is 
above  20  inches  per  year  and  where  grazing  consists  of  grass  or  grass  and  karoo  bush 
combined. 

with  coarse  hair  instead  of  wool.  There  are  still  a  few  such  sheep, 
but  the  principal  nonwooled  sheep  are  now  of  an  improved  mutton 
breed,  the  Blackhead  Persian.  These  sheep  have  short  hair  (like 
that  of  a  fox  terrier  dog),  a  black  head  and  neck,  and  an  entirely 
white  )3ody  with  an  immense  fat  tail  and  rump.  They  can  thrive  on 
grazing  land  too  dry  and  too  poor  to  carry  Merino  sheep  successfully. 
They  furnish  a  considerable  part  of  the  lamb  and  mutton  consumed. 
About  '20  percent  of  the  sheep  and  lambs  slaughtered  at  Johannes- 
burg are  Persians  or  Persian-Merino  crosses.  There  are  large  num- 
bers of  crossbred  Persian-Merino  sheep  from  which  the  commercial 
Cape  skin  is  obtained.    These  sheep  are  particularly  common  among 
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the  natives  (blacks).  Where  grazing  conditions  are  too  adverse  for 
either  type  of  sheep,  common  goats  which  are  used  for  skins  can  exist. 
There  are  enormous  numbers  of  these  goats,  especially  among  the 
natives.  Angora  goats  producing  mohair  are  more  exacting  in  their 
environment.  Nearly  all  of  them  are  concentrated  in  one  dry  area 
lying  back  of  Port  Elizabeth ;  they  have  been  displaced  by  Merino  or 
Blackhead  Persian  sheep  in  most  other  areas. 

English  breeds  of  strong- wooled  ( coarse- wooled)  sheep — Suffolk, 
Romney  Marsh,  Corriedale,  Border  Leicester,  and  Dorset  Horn — 
occur  in  small  numbers  in  the  areas  of  Natal  and  eastern  cape  Prov- 
inces that  have  more  rainfall.  Their  chief  importance  is  for  the 
production  of  crossbred  lambs  for  export. 


Figure   15. — Nonwooled   sheep  are   raised   mostly   in   the   arid   west   and   in   the    native 

reserves. 

The  number  of  sheep  enumerated  by  the  1930  farm  census  of  the 
Union  was  48,358,349,  mostly  Merinos  owned  by  Europeans  (table  6). 

The  production  of  wool  in  the  Union,  as  reported  by  the  annual 
agricultural  census,  increased  from  approximately  130,000,000 
pounds  in  1919-20  to  250,000,000  pounds  in  1929-30  (table  7). 
These  figures  are  less  than  exports  would  indicate.  During  the  10 
years  ended  in  1930  production  totaled  1,778,000,000  pounds,  while 
exports  totaled  2,313,000,000  pounds.  This  average  annual  overrun 
of  53,500,000  pounds,  amounting  to  30  percent,  is  more  than  can  be 
accounted  for  by  wool  from  Basutoland,  Swaziland,  Southern 
Rhodesia,  Bechuanaland,  and  South-West  Africa.  Difference  in 
carry-over,  divided  over  the  10  years,  would  be  insignificant  and 
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would  probably  tend  to  accentuate  the  larger  exports.  Pulled  wool 
and  other  wool  not  originating  on  farms  would  account  for  a  small 
part  of  the  overrun.  The  census  enumerations  are  too  low,  chiefly 
because  of  underestimates  by  the  farmers.  On  the  other  hand,  a 
considerable  quantity  of  wool  is  exported  on  the  5,000,000  Merino 
sheepskins  annually  exported. 


Table  6. 


-Sheep,  lambs,  and  goats:  Classification  on  farms, 
Africa,  August  31,  1930 


Union  of  South 


Owned  by 
Europeans 

Owned  by  natives 

Class 

On  farms 
owned  by 
Europeans 

On  native 
reserves 

Total 

Wooled  sheep: 

Number 

37,  768,  977 

12,  364 

1,  520,  718 

117,  783 

Number 

Number 

Number 

Crossbreeds2 -  .  - 

Wooled  Persians 3 

Total        

39, 419, 842 

328, 324 

4, 163, 995 

*  43,  912, 161 

Non wooled  sheep: 

Blackhead  Persians ..  _ 

2,  267, 108 

1, 448,  868 

14,  650 

Total        

3,  730,  626 

204,  621 

510,  941 

*  4,  446, 188 

43, 150,  468 

532,  945 

4,  674,  936 

8  48,  358,  349 

Sheep  shorn,  1929-30. . . .-.  . 

»  34,  923,  371 
2, 076,  480 
1,  574,  334 

997,  724 
86, 966 

3,  079,  428 
139,  471 

6,  153,  632 
1,  800,  771 

i  Probably  about  5,000  Suffolk,  5,000  Corriedale,  and  1,000  Romney  Marsh — not  all  purebred. 

2  Chiefly  Merino-Blackhead  Persian  crosses. 

3  A  coarse-wooled  breed  distinct  from  Blackhead  Persian. 

*  As  in  previous  years,  18  percent  of  the  Merinos  and  24  to  26  percent  of  the  other  wooled  breeds  were 
lambs.     Merino  wethers  are  kept  for  wool  production;  other  wethers  are  sold  for  lamb  and  mutton. 

fi  Namaquas  and  Ronderibs— the  former  spotted,  with  short  hair,  long  legs,  and  long  tapering  tail;  the 
latter  white  or  cream-colored,  with  long  silky  hair,  large  body,  legs  not  so  long,  and  tail  broad  as  the  rump, 
turning  up  or  twisting  at  the  point. 

6  Chiefly  in  northwestern  Cape  Province;  used  for  Karakul  lambskins. 

7  28  percent  of  Blackhead  Persians,  27  percent  of  the  Africanders,  and  1 6  percent  of  the  Karakuls  were  lambs. 

8  Not  including  108,516  wooled  and  52,952  nonwooled  sheep  estimated  in  towns. 

9  Average  production  7.14  pounds  per  sheep  shorn,  according  to  census  enumeration. 

Union  of  South  Africa,  Agricultural  Census  (48,  report  IS),  and  Official  Yearbook  (4.7,  no.  IS,  p.  858). 
Table  7. — Wool  production  in  the  Union  of  South  Africa  1919-20  to  1929-30 


Year  ended  Aug.  31— 

Cape 

Orange 
Free  State 

Transvaal 

Natal 

Total 

1919-201      

Pounds 
66,  924,  450 
66, 833, 137 
71, 349, 877 
72,  045,  812 
77, 674,  058 
81, 189,  510 
91,  256,  894 
101,  615, 124 
108,  982,  700 
119,216,472 
133, 163,  303 

Pounds 
44, 827,  650 

47,  373,  558 
47, 895,  218 
44,  344,  880 

48,  076,  833 
52,  475,  098 
51,713,737 
61,911,823 
71,  562,  029 
73, 957,  585 
76,  535,  029 

Pounds 
14, 484, 950 
15, 812, 392 
15, 147,  762 
15,271,370 

15,  910,  541 

16,  741, 184 

17,  759,  762 
22,  400, 139 

26,  379, 104 

27,  708,  839 
27,  823,  893 

Pounds 
5,  798, 830 
5, 909,  932 
5,  660,  092 

5,  555,  523 

6,  204,  061 
6,  563,  542 
7,191,117 
8, 182,  939 

10,  000,  270 
11,121,528 
11,919,837 

Pounds 
132,  035,  880 

1920-21 J            

135,  929,  019 

1921-221 

140,  052,  949 

1922-23.    .- 

137,  217,  585 

1923-24 

147,  865,  493 

1924-25                      

156,  969,  334 

1925-26                       

167,921,510 

1926-27                  

194,110,025 

1927-28     

216,  924,  103 

1928-29 

232,  004,  424 

1929-30                      

249,  442,  062 

1  Year  ended  Apr.  30. 

Union  of  South  Africa,  Official  Yearbook  (47,  Yearbook  IS,  p.  354);  census  enumeration. 
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Most  of  the  product  is  Merino  wool.  The  so-called  ''  crossbred  " 
wool  in  South  Africa  consists  chiefly  of  kempy,  coarse,  and  colored 
wools  from  Merinos  having  more  or  less  Persian  or  Africander 
blood.  In  certain  areas  where  feed  conditions  are  more  favorable 
there  is  a  tendency  to  produce  big-bodied  sheep  producing  large 
fleeces  of  "  strong  "  wool  60's  to  64's  instead  of  wool  of  64's  to  70's 
fineness.    Market  demand  during  1931-32  accentuated  this  tendency. 

The  drift  toward  Merinos  and  Blackhead  Persians  and  away  from 
the  other  breeds  is  clearly  shown  by  the  census  classifications  of 
European-owned  sheep  (table  8). 

Most  of  the  Union's  sheep  are  in  Cape  Province.  In  1930,  Cape 
had  53  percent,  Orange  Free  State  29  percent,  Transvaal  12  percent, 
and  Natal  6  percent  of  the  wooled  sheep.     These  proportions  did  not 
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Figure  16.— Trend  of  Wool  Exports  by  Ports.  Union  of  South  Africa,  as 
Reported  by  Port  Elizabeth  Wool  and  mohair  buyers'  Association, 

1840  TO  1931. 

Wool  exports  date  from  1840  at  Port  Elizabeth.  Since  1885  exports  have  been  about 
equally  important  from  Port  Elizabeth,  East  London,  and  Durban,  except  just  after  the 
Boer  War.  ,  Exports  increased  rapidly  after  1905.  The  3-year  moving  averages  have 
been  centered. 


vary  appreciably  during  the  period  1911  to  1930,  although  total 
numbers  expanded  from  22,000,000  to  44,000,000.  With  respect  to 
nonwooled  sheep  in  1930,  Cape  had  81  percent,  Orange  Free  State  5 
percent,  Transvaal  8  percent,  and  Natal  6  percent,  but  these  propor- 
tions have  not  been  constant  between  1911  and  1930.  Nonwooled 
sheep  in  Orange  Free  State  and  Transvaal  have  become  relatively 
less  important,  but  in  Cape  and  Natal  relatively  more  important. 
These  changes  were  conspicuous  in  the  years  1925  and  1930.  The 
total  number  of  nonwooled  sheep  decreased  between  1911  and  1930 
from  8,800,000  to  4,500,000.  The  decrease  was  particularly  abrupt 
in  1915,  1920,  and  1925.  The  decrease  in  nonwooled  sheep  has  been 
less  marked  in  Cape  Province  than  elsewhere  because  in  many  of  the 
arid  western  portions  the  grazing  is  too  meager  to  support  Merinos. 
In  Natal  the  smaller  decrease  in  numbers  is  associated  with  native 
ownership  in  Zululand, 
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Table  8. — Sheep:  Number  in  the  Union  of  South  Africa,  classified  by  breed, 
census  years,  1911,  1921,  1925,  1926,  and  1930 

WOOLED  SHEEP  AND  LAMBS 


Breed 

1911 

Apr.  30, 
1921 

Aug.  31, 
1925 

Aug.  31, 
1926 

Aug.  31, 
1930 

European-owned : 

Merinos.  -  ...  .      ...... 

Number 

Number 
23,  426,  530 

(2) 
1,  680,  460 

(2) 

Number 

26,  521,  484 

20,  504 

1,  728,  074 

269,  515 

Number 

29,  472,  530 

16,819 

1,  942,  498 

252,  589 

Number 

37,  768,  977 

12,  364 

1,  520,  718 

117,  783 

English  breeds.. .    ..  . 

Cross-breeds1 .. 

Wooled  Persian 

Total 

25, 106,  990 

28,  539,  577 

31,  684,  436 

39,  419,  842 

Total,  including  native-owned  3 

21, 842,  215 

27,  757,  213 

32,  153,  221 

35,  377,  744       44,  020,  677 

NONWOOLED  SHEEP  AND  LAMBS 


1911 

Apr.  30, 
1921 

Aug.  31, 
1925 

Aug.  31, 
1926 

Aug.  31, 
1930 

European-owned : 

Blackhead  Persian     . 

Number 

Number 

986,  870 
2,  424, 190 
(4) 

Number 
1, 193,  203 
1, 876,  874 
12,  439 

Number 

1, 154, 908 

1,  730,  355 

(4) 

Number 
2,  267, 108 
1,  448,  868 
14,  650 

Total 

3,  411,  060 

3,  082,  516 

2,  885,  263 

3,  730,  626 

Total,  including  native-owned  3 

8,  814,  444 

3,  972,  299 

3,611,211 

3,  642,  501 

4,  499, 140 

1  Mostly  Merino-Blackhead  Persian  crosses. 

2  Included  with  crossbreeds. 

3  Including  sheep  in  towns,  enumerated  in  some  years,  estimated  in  others. 
*  Not  enumerated. 

Union  of  South  Africa,  Agricultural  Census  1921, 1925, 1926, 1930  (48) . 

In  periods  of  low  wool  prices,  interest  shifts  to  Persians  for  pro- 
ducing lambs,  whereas  in  periods  of  high  wool  prices  the  reverse  is 
true.  In  1930-33  there  arose  a  sudden  interest  in  producing  cross- 
bred lambs  for  export.  This  enterprise  may  be  used  as  a  refuge  in 
periods  of  low  wool  prices. 

The  annual  increase  in  sheep  obviously  depends  chiefly  upon  the 
number  of  lambs  raised,  the  number  of  sheep  that  die,  and  the  num- 
ber slaughtered.  By  studying  the  weather  and  price  factors  as  they 
affect  these  changes,  the  current  changes  in  sheep  numbers  may  be 
approximated  well  in  advance  of  official  estimates.  The  chief  vari- 
able is  the  size  of  the  lamb  crop;  the  least  important  is  slaughter- 
ings. On  the  basis  of  40,000,000  wooled  and  nonwooled  sheep  in 
the  Union,  about  18,000,000  are  ewes,  12,000,000  wethers  and  rams, 
and  10,000,000  lambs.  The  number  of  sheep  and  lambs  annually 
slaughtered  in  abattoirs  is  about  3,000,000,  and  the  number  slaugh- 
tered on  farms  and  in  native  reserves,2  2,500,000.  If  4.000,000  lambs 
are  used  to  replace  death  losses,  500,000  are  left  to  increase  the  size 
of  flocks.  This  accounts  for  a  lamb  crop  of  10,000.000  and  indicates 
a  lambing  percentage  of  about  55  percent.3  In  individual  years  the 
lamb  crop  may  vary  as  much  as  2,000,000  from  this  figure. 

2  Agricultural  census  returns  show  the  number  of  sheep  and  goats  slaughtered  in 
abattoirs  in  1929-80  to  be  2,648,231 ;  those  slaughtered  on  farms  (excluding  native 
locations)  in  1929-30,  2,113,682.  Until  recently,  about  5,000,000  Merino  sheepskins  and 
2,000,000  other  sheepskins  have  been  exported  annually. 

3  The  1929-30  census  reported  only  8,400,000  lambs  on  European  farms  Aug.  31,  1930. 
indicating  a  total,  including  native  reserves,  of  about  9,000,000  lambs,  but  this  does  not 
represent  all  the  lambs  raised  during  the  year. 
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Actually,  according  to  annual  census  enumerations,  the  number 
of  sheep  has  decreased  as  much  as  600,000  in  a  year  when  the  total 
was  only  31,000,000  and  has  increased  as  much  as  3,650,000  in  a  year 
when  the  total  was  36,000,000.  With  present  numbers  now  close  to 
42,000,000,  an  increase  as  much  as  4,000,000  might  be  expected  in  an 
exceptionally  favorable  year.  In  recent  years,  however,  increased 
slaughterings  and  heavier  death  losses  have  stopped  any  further  in- 
crease in  numbers.  In  1933  official  estimates  indicate  a  decline  in 
2  years  of  7,000,000  sheep,  especially  as  a  result  of  drought  and  low 
prices. 

Comparison  with  the  United  States  is  significant.  In  the  United 
States  there  were  53,000,000  sheep  in  1932,  of  which  36,000,000  were 
ewes  and  only  a  small  number  were  wethers.  Slaughterings,  chiefly 
of  lambs,  were  about  25,000,000  or  about  four  times  as  many  as  in  the 
Union.  Death  losses,  including  lambs,  were  about  8,000,000 — con- 
siderably more  than  in  the  Union. 

The  annual  slaughter  in  abattoirs  of  sheep,  lambs,  and  a  few  goats, 
has  almost  doubled  during  the  last  10  years  (table  9).  Returns  from 
39  abattoirs  which  slaughtered  68  percent  of  total  abattoir  sheep 
slaughterings  in  1929-30,  indicate  that  abattoirs  slaughtered  in 
1932-33  about  3,350,000  sheep,  lambs,  and  goats,  as  compared  with 
2,600,000  3  years  previously.  Consumption  in  South  Africa  has 
shifted  decidedly  from  beef  to  mutton  and  lamb  during  the  3  years 
since  1930.  This  is  operating  to  check  any  further  expansion  in  sheep 
numbers.  In  addition,  an  export  trade  in  frozen  lamb  is  developing 
which  will  possibly  operate  in  the  same  direction.  As  many  as 
1,000,000  fat  lambs  per  year  have  been  estimated  as  available  for 
export. 

The  areas  in  which  rainfall  is  considered  ample  to  enable  lambs 
to  reach  35  pounds  dressed  weight  within  20  weeks  are  the  wheat 
districts  of  western  and  eastern  Cape  Province  and  the  corn  dis- 
tricts of  northeastern  Orange  Free  State,  southern  Transvaal,  and 
parts  of  Natal  and  Griqualand  East.  Small  irrigated  areas  growing 
alfalfa  might  be  added  to  this  list. 

Johannesburg  dealers  stated  in  1932  that  more  Persians  were  ar- 
riving at  market  as  lambs  and  more  Merinos  as  young  wethers  or 
ewes.  This  indicates  that  the  grazing  lands  are  fully  stocked  and 
that  farmers  are  endeavoring  to  limit  their  sheep  numbers. 

The  occurrence  of  drought  and  sheep  diseases  causes  wide  annual 
variations  in  death  losses  (table  10).  Such  losses,  including  a  small 
number  of  goats,  varied  during  the  8  years  ended  in  1929-30  between 
3,000,000  and  7,000,000  head,  according  to  census  reports.  The  esti- 
mates since  1929-30  are  those  of  the  livestock  inspectors  of  the  South 
African  Department  of  Agriculture.  They  indicate  that  in  1930-31 
sheep  losses  totaled  1.908,564  and  goat  losses  423,642.  Sheep  losses 
from  sickness  were  1,237,403,  from  drought  438,423,  from  vermin 
100,000,  and  by  being  stolen  132,658.  Goat  losses  from  these  causes 
were  259,554,  108,397.  30,772,  and  24,919,  respectively.  In  1931-32 
drought  conditions  became  more  severe.  Total  sheep  losses  rose  to 
2,330,693  (including  705,000  lost  through  drought  and  1,293,000 
through  disease)  and  goat  losses  to  486,645.  In  1932-33  the  Union  ex- 
perienced one  of  the  worst  droughts  on  record.  Losses  due  to  drought 
were  2,252,000  sheep  and  290.000  goats.    Losses  from  disease  were 
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1,252,000  sheep  and  289,000  goats.  Lamb  crops  were  poor  in  many 
areas,  death  losses  were  heavy,  and  abattoir  slaughterings  were  at  a 
high  level.  The  number  of  sheep  has  stopped  increasing  and,  in 
fact,  there  has  actually  been  a  decrease.  The  South  African  De- 
partment of  Agriculture  estimated  that  during  the  2  years  ended  June 
30,  1933,  wooled  sheep  had  decreased  3,600,000  head  and  that  non- 
wooled  sheep  had  decreased  4,000,000  head  while  goats  decreased 
slightly.  Death  losses  continued  at  a  high  rate  during  1933-34  even 
after  the  drought  was  broken. 

Table  9. — Number  and  indexes  of  animals  slaughtered  in  all  abattoirs  in  the 
Union  of  South  Africa,  1918-19  to  1929-30 


Year  ended  June  30 


Sheep, 

lambs, 

and  goats 


Cattle  2 


Calves 


Index  numbers  (1929-30=  1,0CC) 


Hogs 


Sheep, 

lambs, 

and 

goats 


Cattle 


Calves 


Hogs 


1918-19- 
1919-20- 
1920-21- 
1921-22-. 
1922-23-- 
1923-24- 
1924-25-. 
1925-26- 
1926-27.. 
1927-28- 
1928-29- 
1929-30- - 
1930-31  *. 
1931-32  3_ 


Number 
1, 939, 994 
2,  089,  420 
2,  016,  077 
2,  445,  352 
2,  371,  454 


369,  497 
251,  544 
247,  209 
400,  649 
612,  101 
568,  836 


1933: 


Quarterly  «  ■ 


Third  quarter- 
Fourth  quarter- 


First  quarter.-- 
Second  quarter. 
Third  quarter.  _ 
Fourth  quarter . 


589,  785 
589,  721 

601,  479 
616,  074 
562,  441 
435,  584 


Number 
350,  212 
366,  932 
330,  420 
312,  544 
381,  285 
445,  350 
494,  857 
538,  795 
569,  9C4 
577,  027 
590,  304 
581,  955 

*  385,  235 

•  31 1,984 


84,  252 
82,508 

81,  902 
96,  275 
102,  994 
97,294 


Number 
15, 128 
16,  585 
15,  692 
20,  803 
24, 163 
28,  294 
30,  573 
32,  718 
36,  869 
41,719 
41,634 
42,  353 


Number 
147,  309 
166,  805 
117,  729 
123,  133 
163,  456 
159,  562 
158,  742 
174,  019 
221,  648 
218,  058 
204,  378 
196,000 


734 
790 

7(13 
925 

897 
896 
852 
850 


972 
1,000 


602 
631 
568 
537 
655 
765 
850 
926 
979 
992 
1,014 
1,000 


357 
392 
371 
491 
571 
668 
722 
773 
871 
985 
983 
1,000 


752 

851 

601 

628 

834 

814 

810 

888 

1,131 

1,113 

1,043 

1,000 


8,725 
10,329 

8,291 
9,685 
10, 156 
10,  543 


43,  619 
45, 122 

39,  414 
49, 807 
52,113 


1,308 
1,308 


1,334 
1,366 
1,247 


777 
761 


756 

888 
950 


922 
1,092 

877 
1,024 
1,074 
1,115 


1.043 

1,078 

942 
1,190 
1,246 
1,123 


i  Sheep  slaughtered  for  farm  consumption  on  European  farms  were:  1917-18,  2,390,650;  1920-21,  2,382,287; 
1924-25,  1,968,495;  and  1929-30,  2,113,682.    South  African  Department  of  Agriculture  and  Census  Reports. 

2  Cattle  slaughtered  for  farm  consumption  on  European  farms  were:  1917-18,  43,657;  1920-21,  45,912; 
1924-25,  80,954;  and  1929-30,  62,601.    South  African  Department  of  Agriculture  and  Census  Reports. 

3  Returns  from  29  abattoirs.  Slaughtering  of  cattle,  1929-30,  represents  71  percent  of  total  cattle  slaugh- 
tered in  abattoirs. 

*  Oxen  and  cows  slaughtered. 

8  Returns  from  39  abattoirs.  Slaughterings  for  1929-30  represent  the  following  proportions:  Sheep,  68 
percent;  cattle,  75  percent;  calves,  89  percent;  and  hogs,  83  percent— of  all  sheep,  cattle,  calves,  and  hogs, 
respectively,  slaughtered  in  abattoirs. 

e  Index  numbers  based  on  one-fourth  of  1929-30  slaughterings  at  the  same  abattoirs. 

Union  of  South  Africa,  Office  of  Census  and  Statistics,  Official  Yearbook;  monthly  bulletins,  October 
1930  to  April  1933. 

A  mapping  of  the  districts  officially  declared  drought  stricken 
in  each  year  1926-33,  inclusive,  shows  that  more  of  the  principal 
wool  areas  were  drought  stricken  in  June  1933  than  at  any  other 
time  during  this  period  and  the  drought  was  still  spreading  (fig.  17). 
Several  districts  in  the  areas  of  Orange  Free  State  which  are  most 
heavily  stocked  with  sheep  were  declared  drought-stricken  in  1933 
for  the  first  time  within  this  period.  This  proved  to  have  a  pro- 
nounced influence  on  the  quantity  and  quality  of  the  following  wool 
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clips.  The  only  important  sheep  areas  not  declared  drought  stricken 
by  June  1933  were  in  the  vicinity  of  Port  Elizabeth  and  the  dis- 
tricts extending  northeastward  from  Basutoland.  Many  of  these 
districts  are  declared  drought  stricken  every  year,  but  the  sheep  num- 
bers in  those  arid  districts  are  of  minor  importance.  Beaufort  West 
and  Victoria  West  districts  have  been  the  core  of  a  drought-stricken 
area  in  each  of  the  8  years  studied.  In  1926  the  drought  belt  ex- 
tended north  and  south  through  these  districts,  in  1927  and  1928  in  a 
large  circle  around  these  districts,  in  1929  west  and  south,  in  1930  and 
1931  north  and  south,  and  in  1932  and  1933  both  westward  and  east- 
ward. Droughts  affected  the  important  wool  areas  south  of  Basuto- 
land slightly  in  1926,  severely  in  1927  and  1928,  slightly  in  1929,  and 
severely  in  1932-33.  The  Orange  Free  State,  excepting  for  the 
more  western  districts,  has  been  practically  free  from  drought  except 
for  1932-33.  The  Natal  sheep  areas  have  been  free  from  drought 
except  in  1926-27  and  1931-32.  Natal  was  only  slightly  affected  by 
the  1933  drought.  Southern  Transvaal  and  northern  Free  State  were 
drought  stricken  in  1933  for  the  first  time  within  this  8-year  period 
except  for  the  3  or  4  districts  which  were  affected  in  1926-27.  Con- 
sidering the  Union  as  a  whole,  drought  was  unusually  severe  in 
1927  and  1933  and  very  moderate  in  1930. 

Table  10. — Sheep  and  goats:  Losses  in  the  Union  of  South  Africa,  1922-23  to 

1929-30 


Died  from  disease,  drought,  and  exposure 

Missing  or 
killed  by 
vermin, 

Year  ended  Aug.  31 

Owned  by 
Europeans 

Native-owned 

Total 

On  farms 
occupied  by 
Europeans 

On  reserves, 
etc. 

Owned  by 
Europeans 

1922-23 

Number 
5,  297, 680 
3,  328,  002 
3,416,916 
2, 020,  461 
3,  606, 927 
3, 997,  322 

2,  667,  466 

3,  225,  456 

Number 

(') 

(') 

0) 

39,053 

93,163 
114,581 

95,429 
122,307 

Number 
792, 644 
718, 978 
803,449 
307, 819 
590, 197 
786,  963 
562, 146 
756,343 

Number 
6, 090,  324 
4, 046,  980 
4, 220,  365 
2,  367,  333 
4,  290,  287 
4, 898, 866 
3, 325, 041 
4, 104, 106 

Number 

2  855, 112 
2  708,  303 

1923-24 

1924-25 

480,  515 

1925-26  3 

2  453,  519 
514,  577 
515,058 
437,263 
471,  347 

1926-27 

1927-28 

1928-29 

1929-30 

1  European  farms  include  particulars  of  these  native  losses. 

2  Includes  number  stolen. 

3  Sheep  only. 

Agricultural  census  reports. 


After  the  map  shown  in  figure  17  was  prepared,  on  May  5,  1933, 
the  drought-stricken  area  extended  northward  to  include  Barkly 
West  and  southward  to  include  Beaufort  West,  Middleburg  Cape, 
and  a  part  of  Willowmore  district. 

In  several  areas  of  the  Union  the  numbers  of  sheep  are  limited 
by  the  prevalence  of  the  disease  called  heartwater  which  is  carried 
by  the  bont  tick.  It  is  customary  in  these  areas  to  graze  the  lands 
with  cattle  and  nonwooled  sheep,  dipping  them  regularly  for  a  few 
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years  until  the  lands  have  been  freed  of  all  ticks.  It  has  been  gen- 
erally held  that  Merino  sheep  could  not  be  dipped  at  7-day  intervals 
over  a  period  of  12  months  and  that  the  introduction  of  Merino 
sheep  must  be  postponed  until  the  lands  are  tick-free.  Kecent  ex- 
periments at  the  Bathurst  Experiment  Station,  between  Port  Eliza- 
beth and  East  London,  however,  seem  to  show  that  Merino  sheep 
can  be  dipped  weekly  in  arsenite  of  soda  over  a  period  of  12  months 
without  suffering  harmful  effects,  although  the  fleece  loses  in  attrac- 
tiveness and  appearance  and  depreciates  slightly  in  value.  The  fleece 
was  not  affected  as  regards  greasy  weight,  indicating  that  the  dipping 


Figure  17. — The  western  karoo  is  drought-stricken  nearly  every  year.  Occasionally  the 
drought  extends  eastward  into  the  principal  wool-producing  areas,  as  in  1932  and 
1933. 

process  was  not  instrumental  in  washing  out  and  removing  the  im- 
purities from  the  fleece,  but  rather  served  to  distribute  them  along 
the  entire  length  of  the  staple.  This  was  probably  the  cause  of  the 
unattractive  appearance.  The  wool  from  arsenite-dipped  sheep  had 
slightly  less  tensile  strength.  The  English  firm  that  scoured  and 
combed  the  wools  reported  that  the  wool  from  the  undipped  sheep 
in  the  experiment  was  made  into  tops  worth  2d.  (4  cents)  per  pound 
(approximately  8  percent)  more  than  the  wool  from  the  dipped 
sheep.  This  is  approximately  equivalent  to  a  difference  of  Id.  (2 
cents)  per  pound  in  the  grease  for  50-percent-yielding  wool.  Those 
who  conducted  the  experiment  conclude  that  the  loss  in  value  of  the 
wool,  due  to  dipping,  is  not  sufficiently  serious  to  justify  the  con- 
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tinuation  of  the  practice  of  using  cattle  and  nonwooled  sheep  for  a 
preliminary  period  of  years  before  introducing  Merinos.  But  the 
relatively  higher  prices  now  obtained  for  beef  and  mutton  will  prob- 
ably prevent  widespread  response  among  farmers  to  these  findings. 

The  Veld  Research  Station  at  Fauresmith  in  the  western  part  of 
Orange  Free  State,  where  rainfall  is  about  13  inches  per  year,  is 
studying  different  kinds  of  karoo  bushes  and  is  growing  seeds  for 
multiplication  and  distribution  by  the  agricultural  schools.  By  the 
sowing  of  karoo-bush  seeds  of  the  proved  varieties  on  bare  spots 
or  where  inferior  kinds  predominate,  the  important  karoo  district 
which  now  carries  10  to  30  sheep  per  100  acres  might  be  made  able 
to  carry  additional  numbers  or  at  least  the  evil  effects  of  overgrazing 
might  be  remedied.  The  best  farms  in  Fauresmith  district  carry 
50  sheep  per  100  acres,  but  at  the  Fauresmith  Veld  Reserve,  under 
controlled  grazing,  the  best  kinds  of  bushes  have  carried  over  100 
sheep  per  100  acres.  Some  farmers  are  also  beginning  to  grow  salt 
bush,  spineless  cactus,  and  other  drought-resistant  fodder  crops. 
Some  are  providing  additional  drinking  places  so  they  can  further 
subdivide  their  farms  into  camps  for  better  controlled  grazing.  In 
some  cases  carrying  capacity  will  be  moderately  increased. 

Past  relationships  between  wool  production  and  numbers  of  sheep, 
slaughterings,  deaths,  rainfall,  and  wool  exports  are  summarized  in 
table  11. 

TREND  OF  PRODUCTION  IN  ADJOINING  AREAS 

The  wool  industry  of  the  Union  cannot  be  separated  accurately 
from  that  of  the  adjoining  territories  because  the  wool  is  sold  and 
exported  together,  but  it  is  known  that  exports  from  these  terri- 
tories are  not  a  large  part  of  the  total  exports.  In  Basutoland  the 
number  of  sheep  in  each  of  the  6  years  1928  to  1933  was  2.100,000, 
2,149,000,  2,400,000,  2,829,000,  1,949,000,  and  1,885,000,  respectively. 
The  amount  of  wool  shipped  from  Basutoland  to  the  markets  in  the 
Union  in  each  of  the  years  1930  to  1932  was  9,700,000,  9,325,000, 
and  14,525,000  pounds,  respectively.  It  may  be  noted  that  traders' 
returns  for  1932  show  only  11,832,000  pounds  but  these  returns  may 
not  cover  the  precise  year  covered  by  the  official  returns.  The  pro- 
duction of  wool  in  Basutoland  is  somewhat  larger  than  these  figures 
would  indicate  because  in  1931  there  were  exported  11,287  sheep  and 
goats  and  119,619  pounds  of  sheepskins.  In  the  following  year 
the  corresponding  figures  were  7,066  and  43,958,  respectively.  Pro- 
duction in  Basutoland  is  carried  on  exclusively  by  natives  and  is 
somewhat  primitive.  However,  the  Basutoland  administration  has 
authorized  the  employment  of  additional  demonstrators  to  help  the 
natives  in  the  selection  of  their  breeding  sheep,  their  shearing 
methods,  and  the  classification  of  their  wool. 

Swaziland  is  also  chiefly  native  territory.  It  is  commonly  used 
as  grazing  land  during  the  winter  months  for  sheep  brought  from  the 
Union  but  not  sheared  in  Swaziland.  During  the  5  years  1928  to 
1932  exports  of  wool  from  Swaziland  were  10,000,  4,000,  27,000, 
72,000,  and  30,000  pounds,  respectively. 

Bechuanaland  is  too  dry  and  too  far  north  for  wool  production 
and  its  exports  are  insignificant. 
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Table  11. — Wool:  Production,  receipts,  and  exports  in  relation  to  sheep 
numbers,  slaughtering  and  deaths,  and  to  rainfall,  Union  of  South  Africa, 
1918  to  193 4 


Wooled 

sheep  on 

hand  » 

Sheep,  lambs,  and 
goats 

Merino 
sheep- 
skins ex- 
ported * 

Wool 

Rainfall 

Year 

Slaugh- 
tered 
in  abat- 
toirs 1 2 

Died  3 

Produc- 
tion 2  5 

Received 
at  ports  2 

Exported, 

grease 
basis  2  4  e 

average, 
10  sta- 
tions 7 

1918 

Thou- 
sands 
25, 059 
26,009 
24, 764 
27,757 
26,091 
25, 824 
27,  084 
32, 153 
35,  378 
36, 114 
38, 351 
40, 463 
"44,021 
12  46,300 
12  45,  000 
12  42,  000 
12  39,  000 

Thou- 
sands 

Thou- 
sands 

Thou- 
sands 

1,000 
pounds 
166, 610 

1,000 
pounds 

1,000 

pounds 

8 141, 562 

8  209, 806 

8  202,  743 

8 133, 124 

8  305,  594 

180,  993 

184, 479 

175,718 

235,  081 

249, 159 

273, 126 

283,  004 

307,  212 

283,  264 

299,  486 

337,  067 

245,  952 

Inches 
29  83 

1919 

1,940 

2,089 

2,016 

2,445 

2,371 

2,369 

2,252 

2,247 

2,401 

2,612 

2,569 

2,643 

12  2, 900 

12  3,100 

12  3,  350 

12  2,  700 

18.59 

1920 

176, 928 
182, 145 
187,  671 
183,  872 
198, 139 
210,  338 
225,  015 
260,  107 
290,  678 
310,  885 
303,  753 

305,  000 

306,  000 
316,305 
273,  917 

25.66 

1921  „ 

27  80 

1922 

23.71 

1923 

6,945 

4,755 

4,701 

10  2,  821 

4,805 

5,414 

3,762 

4,  575 

13  2,332 

13  2,817 

12  6,000 

12  6, 000 

22.97 

1924     . 

» 4, 844 
9  3,  262 
2,615 
5,025 
5,067 
4,841 
5,313 
3,795 
3,469 
4,081 
3,500 

26  10 

1925. - 

30.71 

1926 

22.85 

1927 

22.24 

1928 

22.53 

1929--. 

30.  27 

1930 

23.04 

1931-. 

293,  202 
12  309,  000 
i<  319,  305 

274,  767 

26.01 

1932 

20.72 

1933- 

20.48 

1934  (preliminary) 

1  From  Union  of  South  Africa,  Official  Yearbook,  (47,  Yearbooks  12:  387;  15:  381-7). 

2  Year  ended  June  30. 

3  From  census  reports  year  ended  Aug.  31,  excludes  lambs,  includes  number  stolen. 

4  From  monthly  issues  of  South  African  Crops  and  Markets. 

6  Includes  production  in  Basutoland,  Swaziland,  and  Bechuanaland  Protectorate.  These  countries, 
chiefly  Basutoland,  produced  about  10,000,000  pounds  in  1929-30.  Production  1919-20  to  1928-29  calculated 
by  increasing  the  census  estimate  of  production  in  the  Union  by  34  percent,  the  average  excess  of  exports 
for  that  period;  Official  Yearbook  13:  354.  The  1929-30  estimate  was  obtained  by  adjusting  exports,  grease 
wool  equivalent,  by  the  difference  in  carry-over  at  the  ports.  The  estimates  of  1930-31  and  1931-32  are 
approximated  from  wool  receipts  at  the  ports.  The  1932-33  estimate  is  that  of  the  South  African  Depart- 
ment of  Agriculture,  lowered  by  3,000,000  pounds  to  reconcile  with  receipts  of  wool  held  up-country  in  the 
2  preceding  years.    The  1933-34  estimate  is  that  of  the  South  African  Department  of  Agriculture. 

«  Only  about  1,000,000  pounds  per  year  are  not  exported.  Not  including  wool  exported  on  skins,  from 
20,000,000  to  24,000,000  pounds  per  year  during  the  3  seasons  1930-31  to  1932-33.    Very  little  is  pulled. 

7  Meteorological  Office. 

8  Office  of  Customs  and  Excise. 

9  South  African  Department  of  Agriculture. 
i°  Sheep  only. 

n  Agricultural  census  enumerations  were  discontinued  after  1930. 

12  Estimates  by  American  Agricultural  Attached 

13  South  African  Department  of  Agriculture  estimates,  year  ended  June  30,  excludes  lambs,  includes 
number  stolen. 

m  Including  about  3,000,000  pounds  calculated  receipts  not  by  rail,  considering  exports  and  carry-over 
(grease  basis) . 

Wool  production  in  South-West  Africa  is  also  unimportant.  The 
climate  is  unfavorable  for  the  production  of  wool.  Most  of  the  sheep 
are  either  of  the  nonwooled  type  grown  for  mutton  purposes  or 
Karakul,  raised  for  lamb  skins,  and  the  tendency  is  definitely  in  those 
directions  rather  than  toward  wool  production.  In  1931  there  were 
269,000  Merino  sheep  and  406,000  Karakul  sheep  from  which  97,000 
pelts  were  exported. 

In  Southern  Rhodesia  the  climate  is  too  warm  and  the  thorny 
bush  growth  is  unsuitable  for  the  successful  production  of  wool, 
except  along  the  mountainous  and  well-grassed  eastern  border.  Else- 
where the  sheep  are  either  unimproved  native  sheep  or  Blackhead 
Persians.  On  the  eastern  border  Merino  sheep,  especially  rams,  have 
been  introduced  during  recent  years,  and  the  native  nonwooled  sheep 
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have  been  bred  up  to  satisfactory  wool  production.  In  1932  there 
were  about  20,000  Merino  sheep  around  Chipinga  and  Melsetter,  and 
the  number  was  rapidly  increasing.  The  district  can  support  be- 
tween 200,000  and  300,000  sheep.  The  wool  from  the  sixth  genera- 
tion of  improved  sheep  grades  60  to  64  percent  clean  scoured  weight. 
Rainfall  is  heavy  (50  to  60  inches  per  year),  and  the  sheep  cannot 
be  bred  and  selected  for  density  of  wool.  Southern  Rhodesia  im- 
ports annually  about  25,000  to  30,000  sheep  for  mutton,  and  the  east- 
ern border  looks  with  favor  upon  crossbred  Merino-Corriedale  or 
Merino-Romney  Marsh  to  supply  this  demand.  If  this  development 
takes  place,  about  2,000,000  to  3,000,000  pounds  of  wool  of  60's 
quality  will  be  exported  annually  through  Beira.  Conditions  are 
exceptionally  favorable  on  the  eastern  border.  The  carrying  capacity 
of  the  grass  is  75  to  200  sheep  per  100  acres,  in  addition  to  4  or  5 
cattle.  Native  labor  costs  about  15  shillings  per  month,  including 
rations  of  corn  meal  and  meat,  the  latter  often  shot  on  the  farm. 
Land  is  worth  about  15  shillings  per  acre.  Lambing  occurs  during 
April  and  May,  at  the  end  of  the  summer  rains.  Shearing  is  done 
during  September  and  October,  before  the  heavy  summer  rains 
begin. 

The  number  of  sheep  in  Southern  Rhodesia  is  gradually  increasing, 
but  will  never  be  large.  Between  1928  and  1930  the  number  of 
European-owned  sheep  increased  from  80,000  to  91,000.  Of  the 
latter,  20,000  were  classed  as  Merinos.  The  others  were  nonwooled, 
either  native  sheep  or  Blackhead  Persian.  Between  1928  and  1930 
the  number  of  native-owned  sheep  decreased  from  280,000  to  269,000. 
None  of  these  sheep  were  classed  as  Merinos. 

Rhodesian  wool  was  formerly  shipped  to  Durban  for  sale,  but  in 
recent  years  it  has  been  consigned  direct  to  London.  In  1932-33 
Rhodesian  wool  sold  at  the  London  auctions  at  prices  ranging  from 
8  to  914  pence  (16  to  19  cents  at  par)  per  pound.  These  prices  com- 
pared favorably  with  prices  paid  for  Australian  wool.  The  high 
clean  content  is  probably  a  factor  contributing  to  the  favorable  price. 

CORRELATION  ANALYSIS  OF  CHANGES  IN  SHEEP  NUMBERS 

The  number  of  sheep  in  the  Union  seems  to  be  definitelv  limited 
by  the  amount  of  rainfall  (fig.  18).  Among  the  45  karoo-bush  dis- 
tricts, where  the  normal  rainfall  varies  from  4  to  22  inches,  the  num- 
ber of  sheep,  lambs,  and  goats  per  100  farm  acres,  excluding  those  on 
native  reserves,  varied  in  1930  from  6  to  36  head.  The  number  of 
sheep  increased  from  one  district  to  another  at  an  average  rate  of  1.19 
head  for  every  additional  inch  of  normal  rainfall.4  Among  30  grass- 
covered  districts  in  the  northern  part  of  Orange  Free  State,  where 
the  normal  rainfall  varied  from  16  to  36  inches,  the  number  of  sheep, 
lambs,  and  goats  per  100  farm  acres  varied  in  1930  from  18  to  56, 
while  the  number  of  cattle  varied  from  2  to  14.  It  is  estimated  that 
sheep  increased  from  one  district  to  another  at  an  average  rate  of  1.66 
head  for  every  additional  inch  of  normal  rainfall,  consideration  being 
given  to  the  influence  of  the  number  of  cattle  (fig.  19),  which  reduces 

4Y  =  2.8-fl.l9  X.  Standard  error  of  estimate,  corrected  for  number  of  observations, 
4.5;  coefficient  of  correlation,  corrected,  +.76. 
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the  number  of  sheep  below  what  it  would  otherwise  be  at  the  average 
rate  of  1.36  head  for  every  additional  head  of  cattle.5  The  plotted 
evidence  indicates  that  in  the  districts  having  16  to  26  inches  of  nor- 
mal rainfall  the  number  of  sheep  increases  2.2  for  every  additional 
inch  while  between  26  and  36  inches  the  average  increase  is  only  0.6 
head  per  inch  of  rainfall.  Similarly,  among  16  adjoining  districts  of 
southern  Transvaal  the  number  of  sheep  per  100  farm  acres  varied 
from  8  to  50  while  cattle  numbers  varied  from  3  to  11.  Sheep  num- 
bers increased  from  one  district  to  another  at  an  average  rate  of  1.48 
sheep  for  every  additional  inch  of  normal  rainfall  with  very  little 


correction  for  the  number  of  cattle/ 


Among  the  38  districts  of 


Figure  18. — The  number  of  sheep  (including  a  few  goats)  per  100  farm  acres  ranges 
from  0  to  28  in  the  dry  western  karoo,  where  almost  no  cattle  occur ;  from  1  to  10  in 
the  cattle  districts  of  northern  Transvaal ;  and  from  40  to  70  in  the  principal  sheep 
and  cattle  districts  around  Basutoland. 

southern  Orange  Free  State  and  eastern  Cape  Province  the  number 
of  sheep  is  not  materially  reduced  by  larger  numbers  of  cattle  where 
the  rainfall  is  the  same.7 

Annual  variations  in  rainfall  have  a  significant  effect  upon  in- 
creases and  decreases  in  the  number  of  sheep  and  goats.  The  per- 
centage changes  in  the  number  of  sheep  and  goats  were  correlated 

s  y  =  9.90  + 1.66  (rainfall)— 1.36  (cattle);  standard  error  of  estimate,  corrected  for 
number  of  observations,  8.5  ;  coefficient  of  multiple  correlation,  corrected,  0.55. 

6  Y=— 16.13+1.485  (rainfall) +0.226  (cattle)  ;  standard  error  of  estimate,  corrected  for 
number  of  observations,  8.3  ;  coefficient  of  multiple  correlation,  corrected,  0.77. 

7  Y=46.2-.6  (rainfall) +7.6  (cattle);  standard  error  of  estimate,  corrected,  9.7; 
coefficient  of  multiple  correlation,  corrected,  0.80. 
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with  rainfall  of  the  preceding  calendar  year,  with  the  average  price 
of  wool  during  the  preceding  year  ended  June  30,  and  with  concur- 
rent percentage  changes  in  cattle  numbers  (fig.  20).  The  number  of 
sheep  and  goats  decreased  between  1918  and  1930  whenever  the  rain- 
fall at  10  selected  stations  averaged  less  than  21  inches  during  the 
previous  calendar  year,  while  increases  occurred  at  a  diminished  rate 
as  the  average  rainfall  increased  from  21  to  30  inches.  Decreases 
occurred  when  wool  prices  during  the  preceding  season  were  below 
14  pence  (28  cents  at  par)  per  pound  and  increases  in  sheep  numbers 
were  associated  with  prices  from  14  pence  to  21  pence  (43  cents  at 
par).    Decreases  occurred  when  the  number  of  cattle  increased  simul- 


Figure  19. — Cattle  compete  for  the  use  of  grazing  lands  except  in  dry  western  parts  of 
Cape  Province.  They  displace  sheep  in  northern  Transvaal ;  cattle  and  sheep  occur 
together  in  the  districts  around  Basutoland,  where  the  number  of  cattle  per  100  farm 
acres  commonly  ranges  from  3  to  6  in  eastern  Cape  Province  and  from  7  to  12  north 
and  east  of  Basutoland. 

taneously  more  than  3  percent,  but  otherwise  the  number  of  sheep 
increased  slightly.  Percentage  changes  in  the  number  of  sheep  and 
goats  varied  from  a  decrease  of  8.77  percent  to  an  increase  of  10.59 
percent,  a  total  spread  of  over  19  percent.  The  final  residuals,  after 
allowing  for  rainfall,  wool  prices,  and  percentage  changes  in  cattle 
numbers,  were  less  than  1  percent  in  all  years,  except  in  1924  and 
1927  (4  and  4%  percent).  The  estimated  decrease  in  the  number  of 
sheep  and  goats  since  1930  is  attributable  in  the  first  instance  to  low 
wool  prices  and,  in  1933,  to  a  serious  drought.    The  number  of  sheep 
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Figure  20.— Effect  of   Rainfall  and  Wool  Prices  on  Total  Sheep  and 
Goat  Numbers,  Excluding  Native  Reserves,  Union  of  South  Africa. 

The  number  of  sheep  is  increased  by  rainfall  of  21  to  30  inches,  by  wool  prices  of  15 
pence  per  pound  or  more,  and  by  decreases  in  the  number  of  cattle.  A  forecast  is  possible 
from  these  curves. 

and  goats  since  1930  can  be  approximated  by  reference  to  figure  20, 
when  rainfall  and  price  data  are  available.  However,  it  is  prob- 
able that  the  effect  of  rainfall  on  the  percentage  change  in  the  num- 
ber of  sheep  from  year  to  year  will  depend  to  some  extent  on  the 
level  of  sheep  numbers. 
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METHODS  OF  PRODUCTION 

About  60  percent  of  the  ewes  are  bred  around  the  month  of  De- 
cember for  autumn  lambing  around  the  month  of  May.  Autumn-born 
lambs  are  better  able  to  resist  internal  parasites  during  the  spring 
months  and  usually  grow  into  larger  and  stronger  sheep  than  spring- 
born  lambs.  However,  in  the  colder  areas  spring  lambing  is  neces- 
sary. In  the  Karoo  area  of  Cape  Province  70  percent  of  the  lambs  are 
born  during  the  autumn  months,  March  to  June,  and  30  percent  during 
the  spring  months  September  to  November.  In  the  contiguous  area  of 
western  Transvaal  60  percent  are  born  from  March  to  May  and  40 
percent  during  September  and  October.  In  eastern  Transvaal  and 
eastern  Cape  Province  only  25  percent  are  born  during  March  to 
May  and  75  percent  during  September  and  October.    In  Natal  the 


Figure  21. — Typical  sheep-grazing  country,  northeastern  Orange  Free  State.     These 
Merinos  had  not  yet  been  shorn  on  December  18. 

lambing  season  continues  through  all  but  the  summer  months;  45 
percent  are  born  from  March  to  May,  25  percent  from  June  to 
August,  and  30  percent  from  September  to  October.  The  same  is 
true  of  the  important  Orange  Free  State  Province,  where  the  per- 
centage of  the  lamb  crop  born  each  month,  from  March  to  Novem- 
ber, is  4,  9, 19, 17,  9, 16, 16,  6,  and  4,  respectively.  In  the  unimportant 
western  Cape  Province  (in  the  winter-rainfall  area),  winter  lamb- 
ing is  the  rule.  Lambing  begins  a  few  weeks  after  the  first  rains  in 
May  (10  percent  of  the  lambs),  and  most  of  the  lambs  (85  percent), 
are  dropped  before  the  heavy  rains  of  July  and  August,  and  only 
5  percent  of  the  lambs  are  born  during  the  spring  months  September 
and  October. 

Spring  lambing  is  practiced  in  the  grass-veld  areas  in  the  eastern 
parts,  where  rainfall  is  high  and  winters  are  cold.  There  are  dis- 
tricts in  this  area,  such  as  Barkly  East,  where  90  percent  of  the 
lambs  are  born  in  the  spring.    Autumn  lambing  is  the  rule  in  the 
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dry  western  areas,  where  the  success  of  spring  lambing  depends  on 
the  uncertain  spring  rainfall. 

Blackhead  Persian  sheep  occur  chiefly  in  the  drier  western  dis- 
tricts and  lamb  usually  at  the  same  time  as  Merinos,  but  if  good 
spring  rains  fall,  these  and  other  fat-tailed  sheep  will  often  produce 
both  autumn  and  spring  crops  in  the  same  year,  or  at  least  three 
lamb  crops  in  2  years. 

Wool  is  shorn  to  a  certain  extent  in  every  month  of  the  year  in 
southern  Africa,  but  the  spring  shearing,  September  to  December, 
represents  the  largest  part  of  the  annual  clip.     In  Orange  Free  State 


Figure  22. — In  the  dry  areas  of  western  Cape  Province  farms  average  well  above  5,000 
acres  in  size ;  in  the  principal  sheep  and  cattle  areas  they  average  between  1,000  and 
2,000  acres.  Farms  smaller  than  1,000  acres  rarely  occur  except  near  cities  and  along 
the  coastal  sugar  belt. 

it  is  customary  to  delay  shearing  until  December  or  January,  partly 
in  order  to  allow  early  summer  rains  partially  to  clean  the  dust- 
laden  fleeces. 

During  March,  April,  and  May  many  wool  growers  shear  short 
wools  of  6  and  8  months'  growth.  This  is  especially  common  in 
the  areas  troubled  with  grass  seeds,  which  work  their  way  through 
the  wool  and  through  the  skin  of  the  sheep,  and  where  the  blowfly  is 
a  serious  pest,  and  in  the  native  territories.  The  practice  varies  with 
the  variations  in  the  margins  between  long-wool  and  short-wool 
prices  and  the  grower's  judgment  as  to  the  future  price  of  wool. 
These  variations  cause  corresponding  variations  in  the  total  annual 
clip,  because  in  a  year  when  short  shearing  increases,  the  clip  repre- 
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sents  in  some  cases  iy2  year's  growth  of  wool.  This  was  true  in 
1931-32. 

April  and  May  are  also  the  months  when  most  of  the  lamb's  wool 
is  sheared  and  marketed.  In  those  months  65  to  70  percent  of  the 
lambs  are  a  year  old. 

The  claim  that  the  Karoo  sheep  areas  are  overstocked  is  borne  out 
by  experiments  at  Grootfontein  (near  Middleburg,  Cape  Province), 
where  6,500  sheep  were  formerly  carried  on  the  farm  of  25,000  acres, 
of  which  all  but  200  acres  of  irrigated  land  is  sheep-grazing  land 
consisting  of  mixed  karoo  bush  and  short  grass.     The  number  of 


Figubb  23. — Average  values  exceed  $10  per  acre  only  around  Capetown  and  in  a  broad 

belt  around  Basutoland. 

sheep  has  now  been  reduced  to  4,500  head  consisting  of  2,000  ewes, 
1,000  hamels  (wethers),  and  1,500  lambs.  The  practice  here  is  to 
lamb  during  March,  April,  and  May  and  to  sell  the  surplus  sheep 
either  after  lambing  or  after  the  shearing  which  occurs  6  months 
later.  The  wethers  are  usually  sold  at  the  age  of  3  years  or 
younger.  Experiments  are  proving  that  the  death  losses  during 
years  of  drought  can  be  greatly  reduced  by  growing  reserve  fields  of 
spineless  cactus  and  salt  bush.  One  lot  of  sheep  was  fed  10  to  12 
ounces  of  alfalfa  hay  per  head  per  day  while  consuming  10  to  20 
pounds  (average  16  pounds)  of  pulped  cactus  per  day,  eaten  at  will. 
These  sheep  had  received  no  water  for  12  months  and  had  gained  in 
condition.  A  second  lot  of  sheep  had  also  gained  in  condition  dur- 
ing the  12  months  without  any  water  whatever  on  a  ration  of  3 
pounds  of  salt  bush  and  about  16  pounds  of  pulped  cactus  per  day. 
A  third  lot,  fed  unpulped  cactus  leaves,  would  consume  only  10  to 


46        TECHNICAL   BULLETIN    4  6  6,    U.    S.    DEPT.    OF   AGRICULTURE 

12  pounds  per  day  and  compared  unfavorably  in  condition  with  the 
other  two  lots.  Various  kinds  of  salt  bush  are  valuable  for  sheep 
feed,  but  the  one  used  here  is  the  tall  bushy-growing  species  called 
old  man  salt  bush  (Atriplex  nivmmularia) . 

At  Grootfontein,  lamb  crops  of  70  to  90  percent  are  obtained  when 
counted  at  the  age  of  1  month.  Death  losses,  excluding  those  of 
new-born  lambs,  average  3%  percent  among  the  sheep  of  all  ages. 
Most  of  the  deaths  occur  among  old  ewes  in  poor  condition  during 
the  periods  of  cold  rains  following  drought.  At  Grootfontein,  dogs 
and  theft  account  for  considerable  losses.  Jackal  losses  have  been 
eliminated  by  proper  fencing. 

A  typical  wool  producer  in  the  Karoo  district  runs  about  2,000 
sheep  on  4,000  acres  (fig.  22).  The  average  production  of  wool  from 
sheep  and  lambs  on  European-owned  farms  during  the  12  months 
ended  August  31,  1929,  was  6.7  pounds.  Assuming  an  average  pro- 
duction of  7  pounds,  2,000  sheep  would  produce  14,000  pounds  of 
wool  which,  at  1932  prices,  would  bring  only  about  $1,400.  The  sale 
of  old  ewes,  surplus  lambs,  and  the  skins  of  dead  and  slaughtered 
sheep  would  bring  about  $500  more.  Thus  the  gross  income  was  only 
about  $1,900.  from  which  must  be  paid  the  following:  wages  of  the 
white  by woner  or  working  foreman,  $300 ;  two  native  laborers,  $200 ; 
shearing  at  2  cents  per  sheep,  $40;  freight  on  wool  and  skins,  ap- 
proximately $150;  salt,  fencing,  windmill  repairs,  etc.,  $100;  interest 
on  50  percent  of  the  value  of  the  land  ($5  to  $10  per  acre)  $200  (fig. 
23).  The  balance  of  approximately  $900  was  available  for  the 
food,  clothing,  housing,  and  education  of  the  farmer  and  his  family. 

Those  farmers  who  were  more  heavily  in  debt  or  whose  wool  did 
not  sell  for  an  average  of  10  cents  per  pound  were  in  a  position  even 
worse  than  that  indicated  by  the  foregoing  figures.  Since  wool  has 
been  selling  for  many  years  at  prices  2  or  3  times  as  high  as  those 
obtainable  in  1932,  it  is  apparent  that  producers  were  required  to 
exercise  most  rigid  economy  from  1930  to  1933. 

QUALITY  CHARACTERISTICS  OF  SOUTH  AFRICAN  WOOL 

Revised  standards  for  classifying  wool  clips  were  compiled  by 
G.  J.  Schuurman,  principal  sheep  and  wool  officer  for  the  Union, 
and  were  adopted  at  the  annual  meeting  of  the  National  Wool 
Growers'  Association.  The  A  standard,  designed  for  clips  of  more 
than  10  bales,  carries  with  it  the  right  to  use  the  Springbok  brand. 
The  B  standard,  for  clips  of  10  bales  or  less,  does  not.  The  grade 
descriptions  are  shown  in  table  12. 

The  actual  methods  of  classing  and  the  quantity  of  wool  falling 
in  each  quality  class  have  been  determined  by  analyzing  Port  Eliza- 
beth auction  catalogs  of  October  5  and  10,  November  1,  15,  and  29, 
and  December  13,  during  the  long- wool  season ;  also  those  of  May  2, 
9,  16,  and  22,  during  the  short-wool  season  of  1932-33  (table  13). 

South  African  wool  growers,  marketing  through  the  Boere  Saam- 
werk  Beperk  at  Port  Elizabeth,  usually  make  about  7  classes  of  wool 
if  they  have  30  bales  or  more  in  the  consignment.  They  usually 
make  4  or  5  classes  of  20-  to  29-bale  consignments  and  usually  only  4 
classes  of  13-  to  19-bale  consignments.     In  no  case  were  more  than 

13  classes  represented  in  any  one  consignment.     There  were  a  few 
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Table  12. — Grade  descriptions  of  South  African  ivool 
A  STANDARD,  FOR  MORE  THAN  10  BALES 


Class 

vt^H^wM.        Minimum 
Fineness           length 

Characteristics 

Fine  super  combing  (FC) 

Super  combing  (ESC) 

Strong  combing  of  super  length 

(SSC). 

70  or  finer 

64-70 

60-64 

64-70 

64-70 

Inches 
2 

2% 
2% 

2 

2M 

Lightest  conditioned,  sound,  attractive. 
Do. 
Do. 

Do. 

Second  combing  (CC) . 

(In  all  of  above  classes  mushy,  tender,  and 
sandy  locks  must  be  taken  out.) 
Heavier  conditioned,  sound. 

Hoggets  (H) 

Light  conditioned,   sound,   good   quality 

(from  sheep  not  previously  shorn) . 
Most  attractive  lambs'  wool. 

Shorter  and  less  attractive  lambs'  wool. 

Fine  mediums  (FM) 

Mediums  (M) , .    ...  ... 

70  or  finer... 
64-70 

Lightest  conditioned,  most  attractive 
Do. 

Shorts  (S) 

All  shorter  and  less  attractive  fleeces. 

Coarse  shorts  (XS)            

Below  64 

All  coarse  short  wool. 

Outsortings: 

Combine,  bellies,  and  pieces 

(CBP). 
Bellies  and  pieces  (BP) 

Coarse    bellies    and     pieces 

64  or  finer.  __ 

do 

Below  64. 

ii 

Bulkiest  and  cleanest  pieces  and  broken 

fleeces. 
Shorter  and  heavier  bellies  and  pieces  or 

short  fleeces. 
Sometimes  matched  with  XM. 

(XBP). 
Backs  (BKS) 

Earthy,  tender,  or  mushy  backs  taken  from 

Locks  (LOX) 

fleeces. 
Locks  and  dried  urine-stained  wool  exclu- 

Coarse wool  (XM) 

Below  60.... 
Below64.... 

2H 
Below   2% 

sive  of  dags. 

Tender  (TDR)_. 

Low   tensile   strength.    May   be   classed 
with  backs. 

Rams(RA).   

Burry  and  seedy  (BUR) 

Classed  separately  only  if  not  numerous. 

Dead  wool  (DEAD) 

Taken  from  dead  animals  or  skins. 

B  STANDARD,  FOR  10  BALES  OR  LESS 

First  fleeces  (F) 

Lightest  conditioned,  longest,  best  Merino 

quality;  sound  fleeces. 
Next-best  sound  fleeces  of  Merino  quality. 

Second  fleeces  (FF) 

Lambs  (L).._ 

All  lambs'  wool  (but  not  hoggets) . 

All  bellies  and  pieces  of  Merino  quality. 
Coarse,    hairy,    britches;    neckfolds    and 

Outsortings: 

Bellies  and  pieces  (BP) 

Coarse    bellies    and    pieces 

(XBP). 
Backs  (BKS) 

bellies.    Sometimes  matched  with  XM. 
Very  earthy,  tender,  or  mushy  backs  taken 
from  fleeces. 

Locks  (LOX) 

dags. 

lots  of  unclassed  wool.  The  methods  of  classing  are  not  very  dif- 
ferent for  the  early-season  and  late-season  wools,  although  the  pro- 
portions falling  in  each  class  vary. 

The  classes  most  frequently  made  are  ESC,  C,  SSC,  LOX,  and 
various  combinations  of  bellies  and  pieces.  Late  in  the  season  shorts 
are  most  important. 

During  the  long- wool  season,  the  wool  according  to  weight  was 
about  50  percent  first  fleeces,  12  percent  seconds  and  mediums,  16  per- 
cent bellies  and  pieces,  6  percent  hoggets  and  lambs,  8  percent  locks, 
arid  (until  December)  5  percent  short  wools.  The  remaining  per- 
centage was  chiefly  backs,  burry,  and  rams'  wool. 

During  the  short-wool  season  the  wool  weight  cataloged  was  about 
10  percent  first  fleeces,  23  percent  seconds  and  mediums,  13  percent 
bellies  and  pieces,  10  percent  hoggets  and  lambs,  6  percent  locks,  30 
percent  short  wools,  and  8  percent  backs,  rams,  etc. 
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Most  of  the  wool  classes  are  about  64  in  fineness  and,  except  during 
the  short-wool  season,  2  to  3  inches  in  length.  About  10  percent  is 
70's  quality  or  finer.  (70's  wool  has  16  or  17  crimps  per  inch  and  60's 
wool,  10  or  11.)  Clean  yield  varies  from  35  to  55  percent  of  grease- 
wool  weight  and  averages  43  percent. 

The  average  South  African  clip  is  approximately  14  bales  per  farm. 
This  means  that  in  the  clip  of  average  size  or  less,  if  it  is  properly 
classed,  there  will  be  one  or  more  classes  of  wool  made  up  of  two  bales 
or  less.  These  so-called  "  star  lots  "  are  sold  in  a  separate  auction  room, 
and  it  is  generally  believed  that  star  lots  sell  for  a  noticeably  lower 
price,  grade  for  grade,  than  do  the  larger  lots  sold  in  the  main  auc- 
tion room.  To  avoid  having  star  lots,  many  farmers  make  less  than 
the  proper  number  of  classes  of  wool,  and  irregularity  of  the  wool  in 
each  class  is  the  result.  Because  of  the  extra  expense,  the  solution  to 
the  problem  does  not  seem  to  be  reclassification  at  the  markets.  A 
better  solution  is  interlotting,  whereby  several  growers  combine  their 
small  quantities  of  well-classed  wool  to  make  up  sizable  quantities  of 
each  class.  In  carrying  this  out,  several  cooperating  farmers  em- 
ploy one  gang  of  shearers  who  pass  from  one  farm  to  the  next.  Com- 
munity ownership  of  shearing  and  sorting  equipment  is  also  possible. 
Specialization  of  work  among  the  laborers  and  collaboration  between 
the  farmers  contribute  to  improved  classing.  Progress  in  this  direc- 
tion is  impeded  by  lack  of  uniformity,  uncertainty  as  to  the  yield  of 
the  different  wools,  and  a  subconscious  feeling  on  the  part  of  each 
grower  that  his  wool  is  better  than  his  neighbor's.  But  the  National 
Wool  Growers'  Association  is  making  notable  progress  in  the  adop- 
tion of  standard  classes  and  classing  methods.  The  adoption  of  in- 
terlotting practices  may  gradually  come  about  in  South  Africa  as  it 
has  in  other  countries.  The  result  will  be  higher  prices  to  small 
producers  and  lower  costs  of  sorting  wool  at  the  mills. 

METHODS  OF  MARKETING 

Wool  is  skirted,  classed,  and  pressed  into  bales  at  the  shearing 
sheds.  The  number  of  classes  into  which  the  wool  is  sorted  may  be 
only  3  or  4  in  the  case  of  small  producers,  or  it  may  be  as  many  as  13 
in  the  case  of  large  producers  who  have  enough  wool  to  make  full 
bales  of  the  minor  classes.  The  bales  are  stenciled  with  the  designa- 
tion of  the  producer,  the  broker,  the  class  of  wool  contained,  and,  if 
quality  regulations  have  been  met,  the  Springbok  brand. 

The  bales  vary  in  weight,  but  they  average  about  335  pounds. 
Low-yielding  dust-laden  karoo  wools  weigh  much  more  per  bale  than 
do  high-yielding  wools  from  the  grass-veld  areas.  Locks  (lox) 
weigh  heaviest  of  all,  about  500  pounds  per  bale.  Seconds,  often 
heavy  with  dust,  average  about  350  pounds,  and  top  fleeces  320  pounds 
or  less.  Minor  classes  of  wool,  insufficient  to  make  a  bale,  are  packed 
in  grain  bags  holding  about  one-eighth  bale.  These  bags  of  wool  are 
consolidated  into  bales  when  they  reach  the  coastal  markets. 

The  bales  of  wool  are  usually  hauled  to  the  railroad  by  spans  of  10 
to  16  oxen  hauling  15  bales  per  load.  Very  little  wool,  except  that 
produced  by  natives,  is  sold  at  interior  points.  It  is  nearly  all  trans- 
ported by  rail  for  sale  at  Capetown,  Port  Elizabeth,  East  London, 
or  Durban.    A  small  quantity  is  marketed  at  Mossel  Bay  (fig.  24). 
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All  wool  is  customarily  sent  to  the  ports  soon  after  shearing,  but  in 
1930-31,  owing  to  unfavorable  marketing  conditions,  about  11,000,000 
pounds  of  wool  were  held  up  in  the  country  and  marketed  during  the 
following  season. 

At  the  port  markets  the  selling  brokers  maintain  large  wool  ware- 
houses where  the  producers'  consignments  are  stored  awaiting  sale 
and  shipment.  The  selling  brokers  prepare  auction  catalogs  of  the 
wool  to  be  offered  at  each  sale,  and  the  buying  brokers,  prior  to 
the  auction,  pass  from  one  lot  of  bales  to  the  next  slitting  them  open 
enough  to  withdraw  some  wool  for  inspection.  The  buying  broker 
estimates  the  probable  clean  yield  of  the  wool,  usually  between  40  and 
50  percent,  and  judges  of  its  fineness,  length,  uniformity,  tensile 
strength,  and  freedom  from  objectionable  matter  such  as  grass  seeds 
or  marking  paint,  and  other  quality  characteristics.     On  the  basis  of 


Figure  24. — Wool  arriving  at  the  railroad,  Orange  Free  State,  December  20. 

his  daily  advice  as  to  price  limits  sent  him  from  his  overseas  office, 
he  marks  in  his  catalog  the  limit  up  to  which  he  is  willing  to  bid 
at  the  auction. 

There  are  about  67  wool-selling  brokers  in  the  Union  of  South 
Africa  handling  about  1,000,000  bales  of  wool.  The  principal  ones 
are  producers'  cooperative  organizations  which  in  the  aggregate  sell 
about  40  percent  of  the  annual  clip.  These  are  the  Boere  Saamwerk 
Beperk,  the  Farmers'  Cooperative  Wool  and  Produce  Union,  and  the 
Kooperatiewe  Wolmaatskappy  Beperk.  They  each  have  $250,000 
to  $1,000,000  of  assets.  The  selling  brokers  at  each  market  are 
organized  into  an  association  for  the  joint  use  of  facilities  and  the 
ready  exchange  of  information. 

There  are  about  75  wool-buying  brokers  in  the  Union  of  South 
Africa,  but  most  of  the  wool  is  bought  by  15  or  20  of  them,  usually 
representing  two  or  more  overseas  wool  firms.  Some  are  French, 
some  German,  some  Belgian,  and  some  Japanese,  but  most  of  them 
are  English.  The  buying  brokers  at  each  market  are  also  organized 
into  an  association. 
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Most  of  the  wool  is  sold  at  auction  (table  14)  although  a  certain 
quantity  is  sold  by  private  negotiation.  At  Durban  the  selling 
brokers  maintain  a  rule  that  all  wool  must  first  be  offered  at  auction 
but  if  the  highest  bid  is  below  the  seller's  reserve  price  the  wool  is 
declared  unsold  and  may  be  sold  subsequently  by  private  negotia- 
tion. At  the  other  markets,  especially  at  East  London,  a  consider- 
able quantity  is  sold  privately  without  being  offered  at  auction. 
A  movement  is  now  being  agitated  to  require  by  legislation  the  adop- 
tion of  the  Durban  plan  at  all  markets.  Opponents  of  the  proposal 
claim  that  specialty  wools,  for  which  the  number  of  bidders  is  some- 
times only  one  or  two  cannot  be  sold  advantageously  except  by 
private  negotiation. 

Table  14. — Wool:  Quantity  offered  for  sale  and  percentage  sold  at  auction  at  all 
markets  in  the  Union  of  South  Africa,  1931-32  and  1932-33 


Year  and  week 
ended— 

Capetown 

Port  Elizabeth 

East  London 

Durban 

Bales 
offered 

Percent- 
age sold  * 

Bales 
offered 

Percent- 
age sold » 

Bales 
offered 

Percent- 
age sold  I 

Bales 
offered 

Percent- 
age sold  i 

1931-32 
July  23  to  June  3 

1932-33 
July  25 

Number 
60,070 

Percent 
65 

Number 
264,  293 

Percent 
50 

Number 
142, 794 

Percent 
46 

Number 
205, 985 

330 
302 

Percent 

77 

51 

75 

Sept.  10 

770 

3,528 
4,606 
4,934 
4,758 
4,515 
4,799 
5,521 
1,361 
6,884 
5,260 
2,377 
1,063 
289 
453 
388 

97 
87 
76 
82 
89 
80 
87 
81 
83 
85 
91 
73 
78 
54 
79 
97 

5,182 
10, 830 
10, 106 
10,  215 

7,818 
10,961 
12,520 
12,665 

10,  211 
12,  373 

11,  737 
12, 823 
10,462 

7,048 
5,822 
2,376 

88 
82 
73 

70 
74 
72 
65 
75 
75 
75 
62 
62 
56 
65 
71 

Sept.  17.  

Sept.  24 

2,041 
1,492 
1,508 
2,791 
4,420 
6,870 
9,784 
13, 936 
13,  447 
13, 148 
12,991 
12,272 
8,162 
3,107 

67 
70 
78 
81 
72 
63 
72 
70 
80 
71 
66 
59 
65 
63 

Oct.  1 

1,690 
766 
4,637 
3,445 
6,570 
8,743 
11,408 
12,384 
12,680 
11,  430 
12,850 
12,225 
10,690 

79 

Oct.  8 

89 

Oct.  15 

88 

Oct.  22 

94 

Oct.  29 

88 

Nov  5  2      - 

90 

Nov  12     

87 

Nov   19     

90 

Nov.  26 

82 

Dec.  3 

89 

Dec.  10    --     -- 

83 

Dec  17 

92 

Dec  24 

93 

Dec.  31    -- 

4,177 
6,703 
8,346 
8,338 
7,188 
5,103 
2,740 

691 
1,170 

830 
1,290 

830 
1,120 
1,820 
1,005 
2,529 
5,073 
3,  .580 
1,350 
2,512 

81 
74 
68 
66 
46 
52 
59 
61 
46 
51 
50 
55 
56 
67 
60 
63 
57 
72 
69 
71 

5,080 
18, 950 
18,  490 
20,600 
19,800 
17.300 
7,410 
6,230 
6,290 
2,270 
1,170 
2,500 
1,540 
1,700 
1,706 
1,342 
2,489 
1,340 

90 

Jan. 14  

933 
934 

86 
97 

7,282 
8,396 
8,111 
8,450 
9,759 
5,367 
2,073 
2,868 
2,561 
1,500 
2,282 
2,594 
2,737 
2,355 
2,084 
4,761 
5,  531 
4,791 
4,134 
3,250 
3,017 

75 
81 
72 
60 
59 
68 
57 
67 
54 
60 
60 
71 
78 
74 
71 
74 
82 
83 
80 
78 
81 

93 

Jan.  21  

92 

Jan. 28  

92 

Feb.  4 

201 
408 
230 
292 
431 
197 
1,247 
1,362 
910 
1,154 
448 
459 
513 
610 
252 
292 
452 
719 

93 
72 

88 
75 
91 
68 
85 
66 
90 
92 
93 
95 
89 

100 
95 

100 
98 
97 

66 

Feb.  11 

85 

Feb.  18 

77 

Feb.  25 

91 

90 

Mar.  11.  

77 

Mar.  18     

91 

Mar.  25 

87 

Apr.  1 

90 

Apr.  8    ...     -  

90 

Apr.  15 

88 

Apr.  22 

87 

Apr.  29 

88 

May  6..   -  — 

95 

May  13 

May  20 

1,100 

95 

May  27 

Total 

C3,  550 

84 

247,  052 

71 

172,  364 

62 

247,  457 

87 

1  Many  bids  are  privately  accepted  after  each  sale,  sometimes  at  a  compromise  figure. 

2  Mossel  Bay,  4,677  bales  offered;  95  percent  sold. 
Department  of  Agriculture,  Union  of  South  Africa. 
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At  Durban  there  is  one  place  for  auctioning  the  wool  but  with 
separate  rooms  for  main  lots  and  for  star  lots  (lots  consisting  of  only 
one  or  two  bales).  The  same  is  true  at  East  London.  At  Port 
Elizabeth  and  Capetown  there  are  two  auction  places  between  which 
the  successive  sales  are  alternated.  At  the  appointed  minute  in  the 
afternoon  the  auction  begins,  each  selling  broker  usually  selling  his 
concern's  list  of  lots  in  the  catalog  and  then  yielding  the  hammer 
to  the  next  selling  broker.  Each  buying  broker  has  his  appointed 
seat.  Bidding  is  done  with  almost  machine-gun  rapidity  so  that  a 
catalog  of  500  lots  may  be  sold  within  an  hour.  Unless  the  highest 
bid  price  equals  or  exceeds  the  seller's  reserve  price  the  lot  is  declared 
not  sold.  It  is  again  offered  at  a  later  auction  unless  it  is  sold  by 
private  negotiation  following  the  auction. 

The  slitted  bales,  if  sold,  are  sewed  up  and  compressed  for  ocean 
shipment.  There  is  always  a  moderate  quantity  of  sold  wool  await- 
ing shipment  in  the  warehouses  during  the  marketing  season,  but  it 
is  usually  exceeded  by  the  number  of  unsold  bales  of  wool. 

During  the  1930-31  season  the  South  African  Wool  Brokers'  Asso- 
ciation, cooperating  with  the  Wool  Council,  adopted  the  policy  of 
rationing  the  market,  that  is,  limiting  the  quantities  that  might  be 
offered  for  sale  in  each  market  each  week.  The  purpose  was  to  avoid 
temporary  periods  of  glutted  markets  and  demoralized  prices.  In 
1931-32  only  Durban  rationed  the  marketings,  and  even  then  it  was 
only  for  a  short  period.  The  rationing  in  1930-31  also  involved 
minimum  prices  which  selling  brokers  would  accept  for  the  impor- 
tant grades  of  wool. 

A  small  quantity  (5,000  to  10,000  bales)  of  wool  from  the  Union 
of  South  Africa  is  customarily  consigned  to  London  for  sale  at  the 
London  auctions  without  first  being  offered  at  South  African  auc- 
tions. There  is  a  gain  in  moisture  content  en  route  to  England,  but 
storage  charges,  handling  charges,  and  the  risks  of  price  decline  are 
higher  on  direct  consignments  to  England.  There  is  no  marked 
tendency  for  direct  sales  in  London  to  increase  in  volume. 

COSTS  OF  MARKETING 

The  cost  of  marketing  wool  from  the  Union  of  South  Africa  as 
determined  during  the  1931-32  season  was  7.54  cents  per  pound 
from  the  post-auction  pressing  to  the  buyer's  warehouse  in  Brad- 
ford, England;  but  of  this,  5.15  cents  was  for  foreign  exchange  at 
unusually  high  rates  (table  15).  With  English  and  South  African 
exchange  rates  near  par,  as  in  1933,  the  cost  would  be  only  2y2  cents 
per  pound,  of  which  ocean  freight  is  more  than  half.  The  margin 
between  the  producer  and  the  Bradford  warehouse  is  slightly  more 
than  2y2  cents  because  of  the  cost  of  railage  to  the  ports  and  the  cost 
of  selling.  The  cooperative-selling  agencies  never  charge  producers 
for  storage  of  wool.  Some  of  the  private  brokers  also  give  free 
storage,  but  others  charge  3  pence  (6  cents)  per  bale  per  month  after 
the  first  month. 

In  November  1930  the  South  African  Shipping  Board  obtained 
a  reduction  in  ocean  freight  rates  to  Europe  on  wool,  mohair,  hides, 
and  skins.  The  South  African  Conference  lines  reduced  rates  on 
grease  wool  from  three-fourths  pence  (1%  cents),  less  7^  percent 
to  one-half  pence  (1  cent)  per  pound.     The  rate  on  fleece  wool  is 
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1V4  cents  per  pound,  that  on  scoured  wool  iy2  cents  per  pound,  and 
for  mohair  the  rate  is  the  same  as  for  grease  wool.  Ports  to  which 
the  foregoing  rates  apply  are  London,  Southampton,  Calais,  Dun- 
kirk, Antwerp,  Amsterdam,  Rotterdam,  Blumenthal,  Bremen,  Dal- 
menhorst,  Hamburg,  Wilhelmsburg,  Liverpool,  Manchester,  Glas- 
gow, Hull,  Avonmouth,  Genoa,  and  Marseilles.  When  optional 
ports  of  discharge  are  required,  an  additional  rate  of  one-sixteenth 
pence  (one-eighth  cent)  per  pound  is  made.  This  additional  charge  is 
made  if  the  options  are  entered  on  bill  of  lading,  whether  the  option 
is  exercised  or  not.  The  charge  for  reconsigning  without  previously 
designating  optional  destination  is  one-fourth  cent  per  pound.  Not- 
withstanding the  foregoing,  optional  destinations  are  permitted 
without  additional  charge  for  the  ports  of  Hamburg,  Bremen, 
Blumenthal,  Dalmenhorst,  and  Wilhelmsburg. 

Table  15. — Wool:  Cost  of  Marketing,  Union  of  South  Africa,  1931-32  1 


Item 


Unit 


Rate  per 

unit 


Cost  at  Bradford 


Total 


Per 

pound 


Marketing  and  shipping  expense  to  Bradford: 

Pressing  and  remarking  bales 

Wharfage  (gross  weight) 

Shipping  2 

Lighterage 

Agency  fee 

Bills  of  lading,  stamps,  and  entries 

Marine  insurance,  6  percent,  and  stamps. .. 
Ocean  freight 


Bale 

100  pounds. 
800  pounds. 
do— ... 


Bale. 


Dollars 
1.22 
.16 
1.03 
.30 
.12 


Pound. 


Commission  for  selling 

Exchange  and  stamps  on  60-day  bill- 


Total 

Cost  of  wool  in  South  Africa. 


3.01^ 

Percent 
*3 
29^6 


Dollars 
71.78 
36.11 
30.66 
8.52 
7.18 
2.43 
8.05 
282.  12 


67.80 
1,106.91 


Cents 
0.33 
.17 
.14 
.04 
.03 
.01 
.04 
1.31 


.32 
5.15 


1,621.56 
2, 179.  16 


7.54 
10.14 


Total  cost  of  wool  at  Bradford. 


3, 800.  72 


1  Actual  consignment  of  59  bales,  21,495  pounds,  although  the  weight  varies  between  successive  charges. 
Conversions  at  par  of  exchange. 

2  800  pounds  =  1  shipping  ton. 

3  The  South  African  Conference  lines  charge  one-half  pence  (1  cent)  per  pound  for  grease,  wool,  mohair, 
and  skins;  three-fourths  pence  for  scoured  wool.  Additional  charges  apply  to  optional  ports  not  designated 
in  Europe. 

4  Wool  buyers  at  the  ports  of  the  Union  of  South  Africa  usually  represent  2  or  more  firms  and  operate  on 
a  buying  commission  of  1H  percent  of  the  first  cost  of  wool. 

Report  issued  by  Orange  Free  State  Agricultural  Union  and  Orange  Free  State  Wool  Growers'  Associ- 
ation with  advice  of  I.  S.  Fourie,  Grey's  University  College. 


If  the  wool  is  consigned  to  London  there  is  a  charge  of  about  0.7 
cent  per  pound  for  the  consolidated  charges  of  the  Port  of  London 
Authority.  This  includes  landing,  wharfage,  housing,  12  weeks' 
rent  from  breaking  bulk  of  ship,  mending,  weighing,  sampling,  sup- 
plying landed  weights,  certificates  of  damage  and  survey,  warrants 
if  required,  taring,  piling,  unpiling  and  housing  to  show  floor  and 
piling  lots  for  show,  carding,  showing,  filling  in  loose  wool,  breaking 
down,  reweighing,  remending,  striking  down  and  repiling  to  lots  for 
delivery,  and  delivery  to  land  conveyance. 

The  margins  between  London  prices  and  South  African  prices  con- 
firm these  cost  estimates.  In  March  1932,  when  the  cost  of  foreign 
exchange  was  about  25  percent,  the  margin  between  auction  prices  at 
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the  two  places  was  7  to  8  pence,  clean-scoured  basis,  or  about  3  to 
4  pence  (6  to  8  cents),  grease  basis.  Wool  tops  of  comparable  grade 
were  about  5  to  9  pence  above  the  clean-scoured  price  of  wool.  Ex- 
pressed on  a  gold  basis  for  clean  content  of  the  wool,  buyers  in 
South  Africa  can  pay  about  15  or  20  cents  less  than  the  Bradford 
price  of  tops.  It  is  on  this  basis  that  buyers  determine  their  South 
African  prices.  It  follows  that  a  small  percentage  change  in  Brad- 
ford prices  results  in  a  large  percentage  price  change  in  South 
Africa. 

PRICES 

Owing  to  the  fact  that  about  99%  percent  of  wool  produced  in 
the  Union  of  South  Africa  is  exported,  wool  growers  have  felt  the 
full  effect  of  the  world  depression  except  as  they  have  been  subsidized 
by  the  Government.  Prices  fell  steadily  during  the  1931-32  season. 
Prices  were  somewhat  improved  at  the  beginning  of  the  1932-33 
season  but  they  declined  at  the  height  of  the  season,  December,  and 
remained  about  as  low  as  in  the  previous  year  until  almost  the  end 
of  the  season.  Expressed  in  depreciated  currency,  there  was  a  ver- 
tical rise  of  about  40  percent  in  South  African  prices  when  the  Union 
abandoned  the  gold  standard  at  the  end  ol  1932.  This  was  of 
enormous  advantage  to  wool  growers,  especially  since  the  export 
subsidy  of  1931-33  was  not  discontinued,  but  on  a  gold  basis  prices 
remained  around  20  cents  per  pound,  clean-scoured  basis,  during 
most  of  the  1932-33  season. 

Table  16  shows  the  spread  between  prices  for  the  various  grades 
of  wool  throughout  two  seasons.  The  prices  are  converted  to  clean- 
scoured  basis  on  the  assumption  of  45  percent  clean  yield.  They  are 
expressed  in  American  cents.  This  conceals  the  vertical  rise  of  40 
percent  (South  African  currency)  which  occurred  when  the  Union 
abandoned  the  gold  standard  at  the  end  of  1932  (tables  17  and  18). 

Table  16. — Wool:   Auction  prices  per   pound,    Union  of   South  Africa,   clean- 
scoured  basis,  by  new  standard  types,  season  1931-32  and  1932-33  ■ 


Year  and  week  ended 

FSC  > 

ssc 

FC 

C 

S 

LL 

CBP 

BP 

1931-32 
Sept.  19 

Cents 
26 
32 
30 
32 
30 
26 

25-26 
24 
24 
24 
26 
25 

24-26 
24 
24 
24 
24 
24 
24 
24 

20-22 
21 

20-22 

20-22 

Cents 

25 

26-30 

26-28 

28-29 

26-28 

21-22 

20-22 

20-22 

21-22 

21-22 

23-25 

22-23 

21-23 

21 

21 

21 

21 

21 

21 

21 

18-20 

19 

19-20 

19-20 

Cents 

Cents 

24 

24-28 

24-27 

27 

25-26 

20-21 

19-21 

20-21 

20-21 

20-21 

22-23 

21-22 

20-22 

20 

20 

20 

20 

20 

20 

20 

17-18 

18 

18-19 

18-19 

Cents 
16-18 
18-20 

Cents 
"22" 

Cents 

20 

22 

23 

24-26 

22 

18-20 

18-20 

18-20 

18-20 

18-20 

20 

20 

18-20 

20 

20 

20 

19 

17-19 

Cents 

Oct.  3  . 

29 
28 
20 
28 
24 
24 
22 
23 

22-23 

24-25 
23 

22-23 
22 
22 

21-22 
21 
21 
21 
21 

19-20 
19 

19-20 

19-20 

16-18 

Nov.7      

22 

Nov.  14  

14-24 
16-20 
17-24 
15-24 
16-22 
16-22 
16-22 

26" 

~~~18~ 

18-20 

Nov.  21   

18-20 

Dec.  5 

16-18 

Dec.  12 

16-18 

Dec.  19. 

16 

Dec.  26 

16 

Jan.9 

18 

Jan. 16 

18 

Jan. 30    _ 

18 

17 

Feb. 6 

16-18 

Feb.  13. 

19 
18 
16 
15 

18 

Feb.  20-.- 

16 

Feb.  27 

16 

Mar.  12 

Mar.  19 

16 

Apr.  2 

17-18 

17-18 

12-14 

13 

14 

14 

14 

Apr.  9 

14 

Apr.  16  - 

14 

16 

14 

14-15 

15 

14-17 

Apr.  23 

12 

Apr.  30  - 

12 

May  7 

13 

1  Converted  at  prevailing  rates  of  exchange. 
3  Fine  super  combing,  70*8  warp. 
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Table  16. — Wool:  Auction  prices   per  pound,    Union  of  South  Africa,   clean- 
scoured  basis,  by  new  standard  types,  season  1931-32  and  1932-33 — Contd. 


Year  and  week 
ended 

FSC2 

ESC 

ssc 

FC 

C 

FM 

CC 

S 

LL 

L 

CBP 

BP 

1932-33 

Sept.  10 

Sept.  17 

Sept.  24 

Cents 

27 
26 

Cents 
26 
25 
26 
24 
23 
21-22 
18-22 
20 
22 
22 
22 
22 
22 
21 

Cents 
24 
23 
23 
23 
22 
21 

18-22 
20 
21 
21 
20 
21 
21 
21 

Cents 
26 
26 

Cents 
24 

Cents 
23 

Cents 
20 
22 

Cents 
17 
22 

Cents 
21 

Cents 
17 

Cents 
23 
23 
23 
21 
21 
20 
19 
19 
20 
19 
19 

Cents 
20 
20 

20 
20 
19 
19-20 
18 
18 
20 
18 
19 

'"if 

17 
17 
16 
16 
17 
18 
18 

20 

Oct.  1 

"~23~ 
22 
21 
21 
22 
22 
15 
21 
21 
21 
21 

22 
22 

"~2\ 
19 
22 
21 
20 
20 
20 
20 

20-21 

21 
20 

19 

19 
18-19 

Oct.  8 

24 
23 
22 
22 
23 
24 
23 
23 

Oct.  15 

Oct.  29    

17 

Dec.  3 ... 

17 

Jan. 14 

Jan.  28 

20 
20 

20 
19 

""19 

18 
18 

Feb.  4 

18 

Feb. 11 

Feb.  18 

Feb.  25— 

23 

18 
17 

18 

19 
18 

16 

Mar.  25 

16 

Apr.  1 

15 
15 

Apr.  8 

Apr.  15 

Apr.  22— 

15 
16-17 

Apr.  29 

2  Fine  super  combing,  70's  warp. 


Table  17. — Wool:   Quantity  and  value  of  exports   from   the   Union  of  South 
Africa,  average  1909-10  to  1913-lJt,  annual  1918-19  to  1933-3^ 


Quantity  exported 

Export 
value 

Year  ended  June  30 

Grease  wool 

Scoured 
wool 

Grease  wool  equivalent 
as  calculated  by- 

Average 
price  per 
pound  of 
grease  wool 
exported 

Author 

South 
African 
Depart- 
ment of 

Agri- 
culture 2 

Average  1909-10  to  1913-14  ..  .. 

1,000  pounds 

1,000  pounds 

1,000  pounds 

1,000  pounds 
151,942 

1,000  pounds 
sterling 
4,494 

Pence 3 

7.1 

1918-19                  .     .-  -  

209,  806 
202,  743 
133,  124 
305,  594 
180,  993 
184,  479 
175,  718 
235,  081 
249, 159 
273.  127 
283,  004 
307,  212 
283,  264 
299,  486 
337,  067 
245,  952 

203, 170 

198, 186 

«  130,  414 

*  301, 155 

178,  268 

182, 140 

173,  492 

232,  702 

247,  208 

5  271, 165 

s  282,  247 

5  306,  379 

s  282,  670 

5  298,  943 

336,  331 

245, 193 

14,  278 
22,585 
5,230 
11,032 
11,465 
14, 110 
14,  616 
13,612 
14,  396 
18, 477 
16,  408 
11,298 
7,475 
5,433 
6,800 
10,  918 

16.8 

1919-20                         ---  

29.6 

1920-21 

9.2 

1921-22                          ---   --- 

8.8 

1922-23                          -  -     

155,  656 
162,  738 
155,012 
212, 972 
231,  010 
254,  875 
265,  662 
288, 144 
«  269,  655 
287,  043 
320,  193 
228,553 

9,045 
7,761 
7,392 
7,892 
6,479 
6,516 
6,634 
7,294 
»  5,  206 
4,760 
6,455 
6,656 

15.9 

1923-24                          

19.0 

1924-25                       -   - - 

20.5 

1925-26                       

14.2 

1926-27                     

14.2 

1927-28                   

16.6 

1928-29                 

14.1 

1929-30            -   

8.9 

1930-31          

6.4 

1931-32     

4.4 

1932-33                ---   

4.9 

1933-34          

10.8 

1  Scoured  wool  converted  to  grease  wool  at  ratio  of  1  to  2.6141  in  1928-29  and  thereafter  as  indicated  bv 
wool  washery  figures;  previously  1  to  2.8.  Scoured  wool  includes  small  quantities  of  washed  wool  exported, 
particularly  during  the  earlier  seasons. 

2  Scoured  wool  converted  to  grease  wool  by  assuming  a  yield  of  40  percent. 

3  Cents  per  pound  are  double  the  pence  per  pound,  or  slightly  less  when  South  Africa  was  off  gold  stand- 
ard, 1919-25,  and  since  January  1933. 

*  The  quantity  of  wool  exported  each  season  closely  approximates  the  production  for  that  season,  except 
for  the  seasons  1920-21  and  1921-22;  because  of  abnormal  market  conditions,  a  considerable  quantity  of  wool 
was  held  over  from  the  1920-21  season  and  exported  the  following  season. 

*  The  estimated  production,  adjusted  for  stocks  on  hand  at  the  end  of  the  season  from  1927-28  to  1931-32, 
is  as  follows:  274,600,000  pounds;  284,500,000  pounds;  303,000,000  pounds;  292,400,000  pounds;  304,700,000 
pounds,  respectively. 

9  Average  weight  per  bale  324  pounds. 

7  Average  weight  per  bale  214  pounds — usually  coarse  and  colored  wool. 

Department  of  Agriculture,  Union  of  South  Africa,  unless  otherwise  stated. 
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Table  18. — Wool:  Declared  value  per  pound,   Union  of  South  Africa,  1910-33 


GREASE  WOOL 


Year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year  i 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

1910 

15 

15 

15 

15 

14 

14 

13 

14 

15 

15 

16 

15 

15 

1911 

14 

14 

14 

14 

14 

13 

13 

12 

13 

13 

14 

14 

14 

1912 

14 

13 

13 

13 

13 

12 

12 

13 

14 

15 

16 

15 

14 

1913 

15 

15 

14 

14 

15 

15 

15 

15 

16 

16 

18 

15 

15 

1914 

14 

15 

15 

14 

16 

15 

16 

16 

14 

14 

15 

13 

15 

1915.  .. 

11 

12 

13 

14 

14 

19 

13 

14 

14 

15 

17 

17 

14 

1916 

19 

19 

18 

19 

19 

21 

18 

17 

22 

23 

30 

31 

22 

1917 

31 

31 

31 

31 

28 

29 

30 

34 

32 

34 

41 

33 

32 

1918 

41 

37 

37 

34 

32 

32 

34 

29 

26 

40 

33 

44 

33 

1919.  .. 

41 

35 

34 

33 

36 

36 

34 

37 

36 

38 

54 

70 

40 

1920 

74 

72 

70 

66 

67 

56 

62 

48 

36 

28 

21 

20 

59 

1921 

18 

21 

17 

14 

13 

13 

14 

13 

14 

16 

18 

17 

16 

1922 

18 

22 

20 

21 

21 

21 

19 

19 

25 

31 

33 

32 

24 

1923 

33 

33 

31 

33 

32 

31 

29 

34 

33 

35 

38 

39 

35 

1924 

40 

40 

39 

40 

37 

34 

31 

35 

38 

46 

47 

46 

42 

1925 

49 

41 

41 

33 

28 

26 

26 

25 

27 

31 

33 

30 

34 

1926 

28 

27 

26 

26 

25 

23 

22 

23 

24 

31 

30 

30 

28 

1927 

29 

27 

27 

27 

36 

24 

25 

30 

35 

34 

36 

33 

31 

1928 

33 

34 

34 

33 

31 

30 

30 

29 

32 

30 

30 

30 

31 

1929 

29 

28 

26 

25 

26 

23 

22 

20 

21 

21 

22 

20 

24 

1930 

18 
11 

16 
11 

18 
13 

14 
13 

14 

11 

15 
12 

14 

11 

17 

16 

15 

13 

15 

1931 

10 
8 

11 
9 

12 

1932_.__ 

9 

7 

8 

1933 

11 

12 

18 

22 

15 

SCOURED  WOOL 


1910 

25 

29 

30 

28 

32 

30 

29 

31 

30 

29 

29 

28 

30 

1911 

29 

28 

27 

29 

28 

29 

26 

29 

27 

27 

26 

29 

28 

1912 

29 

28 

29 

29 

29 

29 

29 

30 

27 

32 

32 

34 

29 

1913 

34 

27 

37 

38 

35 

40 

37 

40 

30 

35 

35 

34 

36 

1914 

38 

37 

42 

35 

42 

40 

39 

36 

29 

32 

31 

31 

37 

1915 

31 

29 

33 

35 

33 

36 

37 

36 

39 

37 

34 

36 

35 

1916 

40 

39 

44 

45 

42 

45 

49 

49 

51 

50 

52 

64 

47 

1917 

64 

60 

61 

60 

68 

65 

67 

77 

86 

81 

81 

75 

74 

1918 

75 

87 

89 

86 

84 

97 

91 

79 

77 

M 

95 

71 

89 

1919 

91 

80 

76 

84 

85 

92 

86 

91 

87 

106 

98 

124 

91 

1920 

104 

140 

136 

131 

119 

113 

96 

88 

79 

78 

62 

59 

111 

1921 

56 

52 

49 

41 

40 

36 

42 

38 

40 

40 

43 

35 

43 

1922 

41 

46 

45. 

44 

44 

48 

53 

46 

59 

54 

68 

66 

49 

1923 

57 

65 

65 

71 

70 

71 

72 

69 

63 

70 

82 

71 

68 

1924 

87 

87 

67 

88 

91 

85 

87 

79 

98 

93 

104 

93 

87 

1925 

98 

83 

97 

80 

92 

74 

67 

67 

56 

63 

78 

59 

74 

1926 

64 

54 

59 

55 

54 

58 

52 

53 

54 

50 

55 

58 

57 

1927 

58 

52 

53 

58 

56 

54 

59 

54 

53 

59 

60 

62 

57 

1928 

62 

68 

67 

69 

66 

67 

64 

61 

68 

68 

58 

59 

64 

1929 

61 

52 

57 

60 

59 

58 

55 

51 

71 

48 

45 

42 

53 

1930 

39 
21 

34 
17 

31 
23 

39 
24 

34 

31 

30 

29 

26 

26 

23 

22 

31 

1931 

•2 

1 

23 
16 

19 

17 

T2 

1932 

18 

16 

17 

1933 

22 

26 

31 

41 

29 

1  Weighted  average. 

Customs  reports  of  weight  and  value  of  wool  exported.     Conversions  at  par. 

SEASONAL  MOVEMENT  OF  WOOL  IN  THE  UNION  OF  SOUTH  AFRICA 

The  wool-marketing  season  in  the  Union  of  South  Africa  extends 
from  July  1  to  June  30.  Little  wool  is  received  at  the  markets 
between  July  1  and  September  1,  but  during  the  4  months,  September 
to  December,  receipts  are  heavy  (fig.  25).  Weekly  receipts  reach 
the  highest  level  around  October  15  at  Capetown,  November  15  at 
Port  Elizabeth,  and  a  week  or  two  later  at  East  London  and  Durban. 
Little  wool  is  received  from  the  middle  of  December  to  the  middle 
of  January.    Then  the  short-wool  season  begins  and  receipts  reach 
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SEPT. 


NOV. 


JAN. 


MAR. 


MAY 


Figure  25.— Wool  receipts.  Weekly,  union  of  South  Africa,  1931-32  and 

1932-33. 

Wool  is  marketed  in  two  distinct  seasons,  before  New  Year  and  after.     The  season  is 
earliest  at  Capetown  and  latest  at  Durban. 

a  peak  during  February  and  March.  A  considerable  quantity  of 
long  wool  (12  months'  growth)  also  arrives  during  this  season.  By 
the  end  of  May  the  weekly  receipts  are  down  to  a  very  low  level. 
The  year  1931-32  was  abnormal  as  to  the  seasonal  distribution 
of  receipts  because  of  foreign-exchange  uncertainties  which  affected 
the  price  outlook. 
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POUNDS 

(millions 


EAST  LONDON 


JULY 


SEPT. 


NOV. 


JAN. 


MAR. 


MAY 


Figure  26— Wool  Exports,  weekly.  Union  of  South  Africa,  1931-32  and 

1932-33. 

Wool  exports  are  largest  froiir  November  to  April.  The  season  is  earliest  at  Capetown 
and  latest  at  Durban. 

Wool  stocks  accumulate  during  the  period  September  to  December 
or  January  or,  as  in  1932,  until  February.  In  1932  over  240,000 
bales  were  at  the  ports  in  February.  Sales  and  exports  then  exceed 
receipts,  and  stocks  diminish.  At  the  end  of  June  stocks  on  hand, 
including  sold  wool  awaiting  shipment,  are  usually  down  to  25,000 
or  50,000  bales,  approximately  the  low  level  of  the  year. 
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Wool  exports  reach  a  peak  about  1  month  later  than  wool  re- 
ceipts, Capetown  earliest  and  Durban  latest  (fig.  26).  There 
is  a  quiet  period  during  early  January  followed  by  an  important 
export  movement  during  February,  March,  and  April.  This  second 
period  is  unimportant  at  Capetown  but  it  is  important  at  the  other 
ports;  in  1932  (an  unusual  season)  it  was  more  important  than 
the  October  to  December  period. 

DESTINATIONS  OF  WOOL  FROM  THE  UNION  OF  SOUTH  AFRICA 

Most  of  the  South  African  wool  is  shipped  to  the  continent  of 
Europe — France,  Germany,  Belgium,  and  Italy,  chiefly  (table  19). 
The  United  Kingdom  receives  about  one-third  as  much  as  the 
continent  of  Europe.  Until  recently,  when  consignments  to  France 
increased,  the  quantity  of  wool  sent  to  the  United  Kingdom  from 
the  Union  of  South  Africa  exceeded  the  quantity  destined  for  any 
other  country.  The  United  States  has  received  little  wool  direct 
from  the  Union  of  South  Africa  during  recent  years,  but  part  oil 
the  wool  shipped  to  the  United  Kingdom  is  reshipped  to  the  United 
States. 


Table  19. — Wool:  Exports  by  country  to  which  exported,  Union  of  South  Africa, 
years  ended  June  30,  1932-33  and  1933-34 


Country  to  which  exported 

Grease  wool 

Scoured  wool 

1932-33 

1933-34 

1932-33 

1933-34 

1,000  pounds 

77, 160 

97,  710 

62,596 

39,  333 

32, 835 

3,365 

2,144 

1,966 

1,892 

429 

104 

572 

92 

1,000  pounds 

54,  745 

56,380 

51,510 

25, 855 

18,  531 

5,983 

620 

4,117 

2,190 

776 

159 

720 

i67 

6,700 

1,000  pounds 

2,412 

436 

1,663 

967 

326 

9 

1,000  pounds 
1,080 

France    _     -     i     -          ...  ._      ' 

210 

938 

276 

Italy                                

265 

25 

Poland 

17 

Netherlands 

198 
210 
168 

44 

175 

375 

Other             

53 

3,259 

Total                  

320, 198 

228,  553 

6,450 

6,656 

South  African  Department  of  Agriculture,  Division  of  Economics  and  Markets. 

GOVERNMENTAL  ASSISTANCE  TO  SOUTH  AFRICAN  WOOL 

GROWERS 

When  England  abandoned  the  gold  standard  in  September  1931 
the  price  of  wool  in  the  Union  of  South  Africa  was  adversely  af- 
fected to  a  serious  degree.  The  South  African  Government,  to 
justify  its  attempt  to  remain  on  the  gold  standard,  granted  a  sub- 
sidy of  10  percent  on  wool  exports  retroactive  to  July  1.  In  Jan- 
uary 1932  this  was  increased,  retroactively,  to  25  percent.  In 
February  1933  this  was  changed  to  a  flat  1  penny  (2  cents)  per  pound, 
and  subsidies  on  wool  from  Basutoland,  Swaziland,  and  Bechuana- 
land  were  discontinued.  Total  subsidy  payments  on  wool,  including 
anticipations  to  March  81 J  1934,  were  £3,752,000— more  than  half  of 
total  export  subsidy  payments. 
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In  August  1930  the  Union  Government  imposed  a  levy  of  1  shil- 
ling (24  cents)  per  bale,  of  which  1  cent  was  to  cover  the  official  in- 
spector's fee  and  the  remainder  was  for  the  creation  of  a  Wool 
Council  and  the  general  improvement  of  the  wool  industry.  In 
February  1932  the  collection  of  all  but  the  inspector's  fee  was  sus- 
pended. During  the  period  of  full  collection  a  sum  of  $333,000 
plus  $28,000  of  accruals  (at  par  of  exchange)  was  collected.  Only 
a  small  part  of  this  fund  was  spent.  The  nature  of  the  work  done 
is  indicated  by  the  list  of  expenditures,  converted  at  par : 

Expenses  of  deputation  to  Australian  Wool  Conference $7,  335 

Research  work,  including  scholarships 9,  697 

Finding  further  markets 4,155 

Wool  schools  for  farmers 646 

Native  Affairs  Department,  propaganda  work 894 

Organization  of  wool  farmers 16,  325 

Wool  association  fees 304 

Expenses  of  Wool  Council  and  committees 13,  478 

Clerical  assistance.. 2,709 

Miscellaneous  expenses 703 

The  Union  Government  has  encouraged  cooperative  organization 
of  farmers,  of  wool  growers  among  others.  The  National  Wool- 
growers'  Association  in  1933  had  238  locals  and  a  total  member- 
ship of  about  12,000. 

A  draft  bill  was  prepared  under  the  initiative  of  the  Wool  Council 
for  the  creation  of  a  National  Wool  Committee.  The  proposed  legis- 
lation was  opposed  by  the  South  African  Wool  and  Mohair  Brokers' 
Association  and  by  many  groups  of  growers  and  was  not  enacted  in 
1933. 

The  proposed  act  provided  for  the  statutory  establishment  of  a  Na- 
tional Wool  Committee  patterned  after  the  Dairy  Control  Board  as 
specified  in  the  Dairv  Industry  Control  Act.  This  would  give  statu- 
tory force  to  the  existing  Wool  Council.  The  National  Wool  Com- 
mittee embracing  the  Wool  Council  would  have  ample  representation 
from  the  selling  trade,  whether  cooperative  or  private,  but  the  major- 
ity control  would  rest  with  producer  representatives.  The  commit- 
tee would  be  authorized  to  take  the  initiative  in  any  measures  aimed 
at  the  control  of  the  marketing  of  the  wool  clip.  The  proposed  bill 
provided  that  the  Governor  General,  on  the  advice  of  the  National 
Wool  Committee,  might  make  regulations  prescribing : 

(1)  The  quantity  and  description  of  wool  which  may  be  offered  at  any  place 
or  places  at  any  time  or  during  any  period  which  he  may  determine ; 

(2)  The  method  or  methods  under  which  the  sale  of  wool  in  the  Union  shall 
be  conducted  and  the  conditions  which  shall  govern  such  sale ; 

(3)  (a)  The  conditions  under  which  a  wool  selling  broker  may  directly  or 
indirectly  operate  as  a  buyer  or  may  provide  facilities  to  other  persons  for  the 
purchase  of  wool ; 

(ft)  The  conditions  under  which  wool  brokers  may  make  or  producers  accept 
advances  on  wool  prior  to  the  delivery  of  such  wool ; 

(o)  The  security  to  be  lodged  by  a  person  engaged  in  the  wool-selling  trade 
over  and  above  the  amounts  specified  in  the  Public  Auction  and  Livestock  Act, 
etc.; 

(d)  The  scale  of  fees  which  wool  brokers  may  charge  producers  or  wool 
buyers ; 

(4)  The  nature  and  form  of  statistical  data  and  information  regarding 
available  stocks,  market  prices  paid  or  ruling  as  may  be  deemed  necessary  from 
time  to  time  which  it  shall  be  compulsory  for  both  sellers  and  buyers  of  wool 
to  supply  for  publication  or  other  special  use  in  the  general  interests  of  the 
industry ; 
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(5)  Generally  for  the  proper  carrying  out  of  the  functions  of  the  National 
Wool  Committee. 

The  proposed  bill  made  provision  for  the  application  of  all  or  any 
of  the  provisions  to  mohair  or  hides  and  skins,  should  the  respective 
interests  petition  that  such  application  be  made. 

The  legislation  was  opposed  by  the  South  African  Wool  and 
Mohair  Brokers'  Association  on  several  grounds: 

(1)  It  places  too  much  control  of  the  wool  trade  in  the  hands  of  the  Minister 
of  Agriculture  and  this  power  might  be  abused. 

(2)  The  majority  control  of  the  wool  committee  is  to  rest  with  the  producers, 
with  the  result  that  brokers  feel  they  might  be  held  responsible  for  the  adoption 
of  policies  which  they  as  a  minority  group  would  oppose. 

(3)  It  gives  the  Government  power  to  require  all  wool  to  be  offered  at  auction 
for  sale.  A  large  percentage  of  the  wTool  shipped  from  East  London,  Port 
Elizabeth,  and  Capetown  is  now  sold  out  of  hand  without  first  being  offered 
at  auction.  These  out-of-hand  sales  are  deemed  necessary  by  some  brokers  in 
the  case  of  specialty  wools  for  which  there  is  a  limited  number  of  buyers. 

(4)  It  gives  the  Government  power  to  determine  the  quantity  of  wool  that 
may  be  sold  at  any  market  during  any  period.  The  wool  trade  holds  that  there 
is  no  individual  or  group  of  individuals  sufficiently  informed  to  be  able  to  use 
this  power  safely,  and  that  any  accumulation  of  unsold  stocks  would  exert  a 
persistently  depressing  influence  on  wool-price  levels. 

(5)  It  enters  the  Government  in  the  field  of  wool-marketing  control  in  a 
way  that  might  lead  to  even  more  serious  disturbance  of  wool-marketing 
organization. 

In  view  of  the  low  prices  for  wool,  the  Union  Government  in 
September  1931  reduced  railage  rates  on  wool  33%  percent.  Under 
the  reduced  rate  the  cost  of  railage  was  65  cents  per  100  pounds  on 
wool  shipped  from  De  Aar  to  Port  Elizabeth  (339  miles),  75  cents 
from  Bloemfontein  to  East  London  (402  miles),  48  cents  from 
Swellendam  to  Capetown  (192  miles),  and  67  cents  from  Bethlehem 
to  Durban  (315  miles). 

Since  1925  the  Union  Government  has  given  a  75-percent  reduction 
on  railage  rates  to  drought-stricken  districts  for  the  purpose  of  re- 
moving livestock  to  better  grazing  areas,  returning  them  to  the 
owner's  farm,  and  for  the  transport  of  feed.  In  1933  the  reduction 
was  made  87%  percent. 

The  1933-34  budget  provides  a  new  form  of  subsidy  to  farmers. 
The  Government  proposes  to  pay  1%  percent  of  the  6  to  8  percent 
interest  charge  now  being  paid  on  farm  mortgages  on  the  condition 
that  mortgage  creditors  will  accept  only  5 -percent  interest  for  the 
duration  of  this  subsidy.  The  farmer's  interest  rate  is  thus  reduced 
to  3%  percent. 

The  Government  Land  &  Agricultural  Bank  had  about  £;L2,000,000 
outstanding  on  mortgages  in  1933.  The  Government  then  extended 
to  the  land  bank  another  £4,000,000  for  making  additional  loans  to 
farmers.  Total  agricultural  credit  in  the  Union  is  close  to 
£100,000,000. 

The  funds  for  subsidizing  agriculture  come  chiefly  from  gold- 
mining  taxation.  Gold  mines,  chiefly  at  Johannesburg,  supply  50  to 
75  percent  of  the  Union's  total  exports.  The  gold  mines  have  pros- 
pered during  the  1931-33  depression  and  have  had  to  bear  a  greater 
share  of  the  cost  of  aiding  agriculture.  Land  taxes  in  the  Union  of 
South  Africa  are  practically  nothing. 
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MOHAIR 
TREND  OF  PRODUCTION 

Mohair  production  is  centered  in  only  three  countries — the  United 
States,  the  Union  of  South  Africa,  and  Turkey.  Total  annual  pro- 
duction is  about  35 ,000,000  pounds,  of  which  one-half  is  produced 
in  the  United  States,  one-fourth  in  South  Africa,  and  one-fourth  in 
Turkey. 

A  century  ago  Turkey  produced  about  1,250,000  pounds  of  mohair 
annually.  In  1857  Turkish  mohair  production  had  more  than 
doubled,  and  production  in  the  Union  of  South  Africa  had  made  a 
very  small  beginning.  By  1890  the  Union  of  South  Africa  was 
producing  over  6,000,000  pounds  and  had  overtaken  Turkey.  By 
1900  South  Africa  and  Turkey  were  each  producing  about  12,000,000 
pounds,  and  the  United  States  had  entered  the  picture  with  about 
1,000,000  pounds.  Between  1900  and  1912  Turkey  continued  to  pro- 
duce about  12,000,000  pounds,  South  Africa  stepped  up  to  23,000,000, 
and  the  United  States  to  4,000,000.  During  the  World  War,  Turkey 
dropped  below  4,000,000  pounds,  and  the  subsequent  increase  be- 
tween 1920  and  1930)  scarcely  carried  production  back  to  10,000,000 
pounds.  Since  1912  South  Africa  has  dropped  back  to  about 
10,000,000  pounds.  On  the  other  hand,  production  in  the  United 
States  steadily  increased  to  19,000,000  pounds  in  1931.  Total  pro- 
duction since  1910  has  remained  remarkably  steady  at  30,000,000  to 
40,000,00  pounds,  except  for  a  short  decline  during  1916  to  1921, 
but  the  production  in  the  Union  of  South  Africa  and  Turkey  has 
dropped  back  to  about  9.000,000  pounds  each,  while  the  United  States 
has  become  the  principal  producer. 

During  1922-23  the  United  States  imported  over  7,000,000  pounds 
of  mohair ;  about  as  much  as  the  American  production.  By  1931-32 
mohair  imports  had  dropped  to  nothing,  and  a  surplus  of  American 
production  had  accumulated,  but  no  American  mohair  was  being 
exported. 

The  Union  of  South  Africa's  loss  of  export  markets  was  due 
partly  to  the  increasing  American  production  and  partly  to  a  decline 
in  the  European  demand  for  mohair.  However,  English  imports  of 
Turkish  mohair  have  declined  much  more  than  imports  of  South 
African  mohair.  A  tremendous  surplus  accumulated  in  South 
Africa  in  1931  and  1932,  so  that  exports  were  no  indication  of  pro- 
duction (table  20).  Mohair  production  in  South  Africa  since  1930 
is  only  known  approximately.  It  has  apparently  decreased  as  prices 
nave  fallen.  In  1932  and  1933  many  reports  were  heard  of  drastic 
reduction  in  the  numbers  of  Angora  goats. 

Angora  goats  were  once  numerous  in  all  four  of  the  Provinces. 
In  1911  Cape  Province  had  78  percent  of  the  Union's  total,  Orange 
Free  State  13  percent,  Transvaal  6  percent,  and  Natal  3  percent.  In 
1930  they  were  much  more  concentrated,  being  94  percent,  3  percent, 
1  percent,  and  2  percent,  respectively,  in  the  four  Provinces. 

About  70  percent  of  the  Angora  goats  of  the  Union  are  now  con- 
centrated in  10  magisterial  districts  centering  around  Jansenville, 
just  west  of  Port  Elizabeth.  Elsewhere  the  number  of  Angora  goats 
has  progressively  declined  and  is  still  declining  (fig.  27).  Angora 
goats  are  being  displaced  by  Merino  sheep,  Blackhead  Persian  (non- 


64        TECHNICAL   BULLETIN    4  6  6,    U.    S.    DEPT.    OF   AGRICULTURE 

wooled)  sheep,  and  even  by  common  goats.  These  10  districts  have 
a  very  low  annual  rainfall,  but  it  is  fairly  well  distributed  through- 
out the  year,  since  the  districts  are  located  between  the  summer-rain- 
fall area  and  the  winter-rainfall  area. 

Table  20. — Angora  goats  and  mohair:  Production  and  exports,  Union  of  South 
Africa,  1917-18  to  1932-33 


Angora 
goats 

Mohair 
production 

Calendar 
year 

Mohair  exports 

Year  ended 

Quantity 

Total 
value 

Value  to 
United 

States 

Apr.  30: 

1917-18 

Thousands 
2  2,  731 
2,240 
2,285 
2,272 
2,285 

2,140 
2,151 
1,831 
1,414 
1,308 
1,578 
1,807 

1,874 
1,735 
1,563 

1,000 
pounds * 
10, 385 
8,099 
8,449 
8,623 
9,455 

8,099 
8,051 
7,880 
5,653 
5,268 
6,269 
7,019 

*  7, 920 

*  6,  443 
4  10,000 

1918 
1920 
1921 
1922 
1923 

1924 
1925 
1926 
1927 
1928 
1929 
1930 

1931 
1932 
1933 

1,000 

pounds 

19,  646 

6,290 

17,129 

25,  793 

14,  988 

13,  666 
11,560 
11, 141 
10,681 

7,704 
10,  038 

6,874 

5,443 
6,435 

15,  743 

Pounds 

sterling 

1, 641, 889 

518, 973 

583,  643 

1, 152,  470 

947,  883 

1, 142, 012 
836,  328 
741,  715 
807,  963 
724, 132 
643,  032 
295,300 

229,061 

95,  451 

330, 118 

Pounds 

sterling 

3  302,  216 

22,404 

59,156 

387, 174 

121, 182 

150,090 
42,  731 

345,  930 
61,  952 
90,152 
67,  676 

1919-20... 

1920-21 

1991-22-.- 

1922-23 

Aug.  31: 

1923-24 

1924-25 

1925-26 

1926-27 

1927-28 

1928-29 

1929-30 

June  30: 

1930-31 

2,895 
3,524 
42,291 

1931-32 

1932-33 

1  Census  enumerations  of  production  are  usually  slightly  low.  During  the  11  years  ended  1928-29  mohair 
exports  exceeded  the  Union's  production  by  1,878,000  pounds  per  year  or  31  percent.  This  cannot  all  be 
explained  by  the  inclusion  of  mohair  from  Basutoland.  Traders'  returns  for  1932  show  only  1,034,000 
pounds  of  mohair  exported  from  Basutoland  in  that  year.  Official  returns  show  1,015,034  pounds  of  mohair 
exported  from  Basutoland  in  1932  as  against  1,241,743  pounds  in  1931. 

2  In  1912  the  number  was  4,395,000. 

3  Year  1919. 

*  South  African  Department  of  Agriculture;  1932-33  represents  some  old  stocks  from  previous  years. 
Received  at  ports.    Estimated  production  1933-34,  8,250,000;  1934-35,  7,500,000. 


Union  of  South  Africa,  Official  Yearbook  (j(7, 
from  Basutoland. 
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-Trend  of  Mohair  Exports  by  Ports,  Union  of  South  Africa, 
1865  to  1930.    (3-year  moving  average  centered.) 


Mohair  exports  increased  rapidly  from  1865  to  1912  and  then  declined  erratically. 
Most  of  the  exports  are  from  Port  Elizabeth.  Data  as  reported  by  the  Port  Elizabeth 
Wool  and  Mohair  Buyers'  Association. 
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An  analysis  of  census  returns  regarding  the  numbers  of  Angora 
goats  in  the  principal  mohair-producing  districts  of  the  Union  for 
the  years  1923  to  1930,  inclusive,  reveals  significant  conclusions 
(table  21). 

(1)  The  decrease  between  1923  and  1927  was  most  pronounced  in  the  western 
districts  of  the  mohair  area. 

(2)  The  increase  in  numbers  between  1928  and  1930  was  confined  to  the 
center  of  the  area  and  was  not  shared  proportionately  by  the  border  districts 
on  the  west  or  the  east. 

(3)  The  number  of  Angora  goats  in  unimportant  districts  has  not  recovered 
proportionately  between  1928  and  1930. 

(4)  The  industry  is  more  than  ever  concentrated  in  the  districts  of  Willow- 
more,  Jansenville,  and  Steytlerville.  These  three  districts  in  1930  contained 
43  percent  of  the  total  for  the  Union,  as  compared  with  33  percent  in  1923. 
Between  1925  and  1927  Angora  numbers  dropped  precipitously  in  all  districts. 

(5)  Between  1927  and  1928  increased  numbers  in  the  central  and  western 
part  of  the  area  were  more  than  offset  by  continued  decreases  in  the  eastern 
districts  of  the  area. 

(6)  Between  1928  and  1930  the  decreases  of  1923  to  1928  were  more  than 
made  up  in  Willowmore  and  Uitenhage,  and  almost  made  up  in  Steytlerville, 
Jansenville,  and   Somerset  East. 

(7)  Since  1928  Angora  numbers  have  increased  in  the  10  principal  Angora 
districts  at  about  the  same  percentage  rate  as  wooled  sheep  and  nonwooled 
sheep — in  the  border  districts  less  rapidly  and  in  the  central  districts  more 
rapidly. 

(8)  Angora  numbers  are  more  sensitive  to  drought  than  to  price  influences. 

Mohair  is  maiketed  in  bales  weighing  approximately  500  pounds. 
A  small  percentage  of  the  mohair  arrives  at  the  South  African 
markets  m  bags  weighing  about  one-eighth  as  much  as  a  bale  of 
mohair. 

There  are  two  clips  of  mohair  each  year.  Winter  hair  arrives 
during  August  to  December;  summer  hair  during  April,  May,  and 
June.  The  twTo  seasons  blend  into  one  another,  and  some  mohair 
is  received  even  during  the  off  seasons  around  January  and  February 
and  in  July.  The  rail  receipts  and  exports  at  four  ports  are  shown 
in  table  22. 

METHODS  OF  MARKETING 

Most  of  the  mohair  farmers  in  the  Union  of  South  Africa  are 
small  producers  who  shear  only  a  few  bales  at  a  time.  They  usually 
sell  to  local  buyers  and  speculators,  but  some,  usually  the  larger 
producers,  consign  their  clips  to  one  of  the  cooperatives  or  to  a 
private  broker  at  the  port.  Occasionally  a  grower  consigns  his  mo- 
hair to  England  to  be  sold  for  his  own  account.  Mohair  from  Basuto- 
land  (Basuto  hair)  is  traded  by  the  natives  to  local  traders  who  sell 
in  one  of  these  ways. 

All  of  the  South  African  mohair  production  is  exported.  Mohair 
is  marketed  chiefly  at  Port  Elizabeth  but  to  some  extent  (chiefly 
Basutoland  mohair)  at  East  London  and  Durban  (table  22).  It  is 
sold  by  wool  brokers,  some  of  whom  specialize  in  mohair.  All  mo- 
hair is  sold  by  private  and  usually  secret  negotiation — never  at 
auction.  In  1932  a  cooperative  mohair-marketing  association  was 
organized — the  South  African  Bokhaar  Boere  Koopertiewe  Maat- 
skappy  (Sabkom) — but  since  the  principal  wool-selling  concerns 
were  also  cooperative  and  also  sold  mohair,  the  need  for  the  new 
association  was  not  altogether  obvious.  The  members  represented 
only  about  one-sixth  of  the  total  mohair  production.    The  associa- 
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tion  acts  only  as  selling  agent,  and  sales  are  actually  executed 
through  brokers  at  the  ports;  but  only  one  of  the  old  cooperatives 
agreed  to  the  conditions,  and  the  association  became  sole  selling 
agent  for  the  new  cooperative.  The  Government  granted  the  new 
association  a  £75,000  loan  with  which  to  make  advances  to  members 
against  mohair  delivered.  The  broker  must  rebate  to  the  new  asso- 
ciation 0.75  percent  (half  of  the  commission)  and  the  member  must 
pay  one-fourth  penny  per  pound.  Authority  to  sell  as  to  time  and 
price  rests  with  the  new  cooperative. 

Table  21. — Angora  goats  and)  sheep:  Numbers  in  principal  goat-raising  districts, 
Union  of  South  Africa,  1923  to  1930 


District 


1923 


1925 


1926 


1927 


1928 


Beaufort  West: 

Angora  goats 

Wooled  sheep 

Nonwooled  sheep . 

Aberdeen: 

Angora  goats 

Wooled  sheep 

Nonwooled  sheep . 

Willowmore: 

Angora  goats 

Wooled  sheep 

Nonwooled  sheep. 

Jansenville: 

Angora  goats 

Wooled  sheep 

Nonwooled  sheep . 

Steytlerville: 

Angora  goats 

Wooled  sheep 

Nonwooled  sheep . 

Pearston: 

Angora  goats 

Wooled  sheep 

Nonwooled  sheep . 

Somerset  East: 

Angora  goats 

Wooled  sheep 

Nonwooled  sheep - 

Uitenhage: 

Angora  goats 

Wooled  sheep 

Nonwooled  sheep . 

Cradock: 

Angora  goats 

Wooled  sheep 

Nonwooled  sheep. 

Bedford: 

Angora  goats 

Wooled  sheep 

Nonwooled  sheep . 


Total  10  districts: 

Angora  goats 

Wooled  sheep 

Nonwooled  sheep 

Other  districts:  Angora  goats. 


Thou- 
sands 
60 
289 
126 

181 
61 
78 

214 
41 
73 

303 
16 
55 

246 
22 

47 

112 
40 
38 

195 


80 
27 
22 

102 
207 
136 


Thou- 
sands 
59 
292 
121 

188 
89 
74 

202 

42 
55 

304 
19 


197 

16 
43 

110 
43 

30 

193 
211 


188 

118 

32 

33 

-  1,  552 

1,457 

1,077 

1,114 

717 

644 

719 

670 

Thou- 
sands 
50 
327 
110 

191 
99 
61 

211 
49 
46 

323 
32 

56 

219 
24 
37 

106 
52 
31 

197 

227 

73 

91 
33 
19 


41 

202 

18 


1,505 

1,279 

548 

632 


Thou- 
sands 
55 
302 


153 
90 

51 


49 
31 

239 

27 
47 

162 
21 
25 

91 
56 
33 


40 
15 

92 
291 
118 

40 
230 
20 


Thou- 
sands 

16 
136 

29 

79 
62 
32 

123 
32 
30 

201 
23 
42 

150 
25 
30 

72 
61 


134 
259 
57 

71 
50 

18 

67 
33 1 

100 

37 

229 
20 


Thou- 
sands 
25 
254 


66 
101 
65 

141 
41 
34 

215 


150 
28 

30 

53 
54 

27 

106 
274 
50 


40 
381 


Thou- 
sands 

42 
345 

90 

113 
187 
51 

187 
51 

48 

254 
51 
63 

191 
38 
32 

71 
89 
29 

133 
299 


81 
63 
30 

37 

416 

65 

27 

217 

22 


1,260 

1, 361 

480 

565 


391 

458 


1,421 
431 
414 


1,136 
1,756 


436 


Thou- 
sands 
23 
437 
111 

125 
231 
62 

257 
103 

81 

290 

66 

75 

224 
49 
39 

82 
92 
34 

160 

353 

79 

97 


40 
480 
81 

29 

244 

26 


Total,  Angora  goats 2,271 


2,127 


2,137 


1,825 


1,408 


1,302 


1,572 


1,327 
2,123 


474 

1,801 


1  From  west  to  east. 

Union  of  South  Africa.    Agricultural  census  reports. 


There  are  only  about  15  mohair-buying  agents  in  the  Union  of 
South  Africa.  These  agents  represent  overseas  buyers,  either  spin- 
ners or  independent  buyers.  There  are  only  about  a  dozen  mohair 
spinning  and  weaving  firms  in  England.  Of  the  agents  in  the 
Union  of  South  Africa,  two  shipped  most  of  the  mohair  exported 
in  1931-32.    However,  the  big  buying  coup  of  1933  was  engineered 
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by  another  company.  By  a  mammoth  purchase  in  May  1933  a  large 
part  of  the  accumulated  stocks  were  disposed  of  at  very  low  prices. 

South  African  mohair  is  commonly  blended  with  Turkish  mohair 
according  to  blends  which  are  jealously  guarded  trade  secrets.  Turk- 
ish mohair  is  said  to  have  more  luster  and  more  curl  than  the  South 
African.  South  African  mohair  contains  more  yolk,  sand,  and  dust. 
It  is  best  suited  for  plushes  and  pile  fabrics,  whereas  Turkish  mohair 
is  preferred  for  linings  and  fine  dress  goods.  Most  spinners  say  they 
like  at  least  a  blend  of  Cape  mohair  in  their  Turkish  mohair  yarns. 

Kids,  whether  from  the  Union  of  South  Africa  or  Turkey,  are 
used  for  the  lining  trade.  Winter  hair,  constituting  a  large  part  of 
the  clip,  is  used  for  thick  yarns. 

Because  of  depressed  conditions,  it  is  claimed  that  less  care  is 
being  given  to  the  breeding  and  supervision  of  flocks  in  the  Union 
of  South  Africa,  so  that  there  is  an  apparent  tendency  for  the 
mohair  to  lose  its  fineness. 

Basuto  hair  is  the  poorest  mohair  known.  It  is  finer  in  quality 
than  Cape  mohair,  but  it  is  kempy,  dirty,  and  ungraded.  The 
fleeces  are  tied  together  with  horse  hair,  which  is  difficult  to  elimi- 
nate completely  from  the  bluish-tinted  Basuto  hair.  It  is  irregular 
in  length,  owing  to  the  fact  that  Basutoland  natives  seem  to  clip  at 
irregular  intervals  and  at  any  time  of  year. 

MOHAIR  GRADES 

The  relative  importance  of  the  various  grades  of  mohair  handled 
at  Port  Elizabeth  is  indicated  by  reports  issued  by  the  Port  Eliza- 
beth Wool  and  Mohair  Buyers'  Association  (table  23). 

PRICES 

The  stagnation  of  the  mohair  market  during  1932  caused  a  tre- 
mendous accumulation  of  unsold  mohair,  and  prices  fell  to  the  lowest 
level  on  record.  At  the  end  of  June  1932,  trade  reports  showed 
16,524  bales  on  hand  at  Port  Elizabeth  besides  small  quantities  at 
East  London  and  Durban.  This  figure  was  6,561  bales  more  than 
in  June  1931  and  represented  almost  2  years'  production — actually 
more  than  2  j  ears'  production  of  certain  grades.  The  sudden  and 
secretive  purchase  of  about  4.000.000  pounds  in  May  1933,  however, 
started  a  buying  movement  that  reduced  stocks  and  increased  prices. 
The  Government  issued  an  official  statement  showing  9,310  bales  of 
sold  mohair  and  6,064  bales  of  unsold  mohair  at  all  ports  on  June 
30,  1933. 

The  average  export  price  for  mohair  in  April  1933  was  3  pence 
per  pound,  and  for  the  season  July  to  April,  3.4  pence  per  pound 
as  against  6.3  pence  and  7.8  pence  for  the  same  periods  of  1931-32 
and  1930-31  (table  24) .  The  sudden  activity  of  May  and  June  1933 
caused  the  June  average  to  rise  to  4  pence  per  pound.  This  was 
followed  by  subsequent  increases  so  that  August  exports  averaged 
5.9  pence  per  pound. 

The  price  trend  over  the  entire  period  of  production  and  exporta- 
tion in  the  Union  of  South  Africa  shows  that  mohair  prices  were 
never  below  7.5  pence  per  pound  until  recently  and  that  in  some 
years  they  averaged  as  high  as  27.9  pence  (table  25) . 
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Table  22. — Mohair:  Receipts   by  rail  at  ports,   and  exports,    Union  of  South 
Africa,  by  months,  1929-30  to  1932-33 

MOHAIR  RECEIPTS  I 


Month 

Port  Elizabeth 

East  London 

Durban 

Cape- 
town 

1929-30 

1930-31 

1931-32 

1932-33 

1930-31 

1931-32 

1932-33 

1930-31 

1931-32 

1932-33 

1932-33 

July 

Bales 

and 

bags 

360 

959 

3,682 

7,194 

1,012 

748 

213 

242 

1,401 

4,362 

3,251 

716 

Bales 

and 

bags 

156 

761 

3,  764 

2,555 

1,451 

611 

249 

288 

1,252 

3,594 

4,038 

716 

Bales 

and 

bags 

267 

606 

1,787 

2,374 

1,716 

797 

377 

369 

659 

2,900 

1,744 

953 

Bale 
equiva- 
lent 
!560 
1  1,014 
1,  649 
3,534 
1,583 
734 
795 
749 
1,203 
1,922 
2,644 
1,933 

Bales 

and 

bags 

31 

97 

237 

338 

164 

44 

52 

55 

55 

106 

30 

8 

Bales 

and 

bags 

46 

14 

35 

133 

145 

108 

24 

78 

41 

12 

20 

3 

Bales 

and 

bags 

38 

75 

93 

185 

146 
84 

114 
47 
26 
39 
27 

192 

Bales 

and 

bags 

1 

~~~42~ 
146 
196 
105 
23 
43 
35 
72 
33 
21 

Bales 

and 

bags 

4 

148 

3 

21 

100 

86 

78 

101 

19 

7 

4 

Bales 
and 
bags 

19 
147 
171 

69 
120 

96 

31 
301 
126 
332 

Bales 
and 
bags 
10 

2 

3 

9 
2 

82 

Total 

24, 140 

19,  435 

14,  549 

18,  320 

2  1,217 

2  659 

1,066 

717 

571 

1,413 

Total     bale     equiva- 
lents3   

20,  0C0 

16, 000 

12, 000 

18,  000 

1,000 

550 

900 

600 

500 

1,200 

100 

MOHAIR  EXPORTS 


July 

Bales 

193 

416 

1,983 

1,783 

3,166 

1,592 

818 

316 

34 

377 

4,232 

2,197 

Bales 

597 

367 

330 

674 

1,825 

658 

363 

636 

1,315 

2,292 

1,196 

462 

Bales 

82 

214 

200 

992 

1,122 
262 
354 
140 
262 

1,295 
258 
503 

Bales 

1,485 

1,371 

1,764 

2,284 

770 

607 

2,077 

1,889 

1,364 

760 

2,296 

2,808 

Bales 

Bales 

Bales 

Bales 

Bales 

Bales 

Bales 

October -- 

June...  

Total 

17, 107 

10,  715 

5,684 

19,  475 

i  798 

4  377 

2,057 

608 

413 

2,192 

82 

1  Railway  receipts  are  about  20  percent  higher  than  actual  bale  equivalents  (excepting  at  Port  Elizabeth, 
since  Sept.  1,  1932)  because  bags  were  counted  as  bales  although  it  requires  about  8  bags  to  make  1  bale. 

2  The  secretary  of  the  East  London  Wool  Exchange,  Ltd.,  reports  mohair  receipts  as  follows:  1928-29, 
184  bales;  1929-30,  700  bales;  1930-31,  1,182  bales;  1931-32,  583  bales.  These  figures  for  the  last  2  years  are 
slightly  lower  than  otherwise  reported. 

3  Approximate. 

4  The  secretary  of  the  East  London  Wool  Exchange,  Ltd.,  reports  mohair  shipments  1929-30,  722  bales; 
1930-31,  780  bales;  1931-32,  377  bales. 

Port  Elizabeth  Wool  and  Mohair  Buyers'  Association,  wool  and  mohair  trade  of  the  union 
of  south  Africa.    Statis.  Rev.  3  (July  1932)-4  (July  1933).    [Mimeographed.] 


Table  23.- 


-Mohair:  Exports  and  unsold  stocks,   by  grades,  at  Port  Elizabeth, 
1931-3h 


Grade 

Exports,  July  to  June 

Unsold  stocks,  June  30 

1931-32 

1932-33 

1933-34 

1931 

1932 

1933 

1934 

Winter  kids 

Bales 
477 

1,294 
234 

1,693 
671 
357 
958 

Bales 
772 
6, 967 
707 
5,757 
2,197 
1,446 
1,629 

Bales 
1,119 
5,042 
659 
7,183 
2,681 
2,892 
1,294 

Bales 
526 
372 
547 
6, 920 
641 
344 
613 

Bales 
1,117 
2,531 
1,068 
8,072 
1,524 
1,860 
352 

Bales 
422 
951 
540 
2,694 
204 
370 
229 

Bales 
800 

1,666 

Summer  kids 

609 

Summer  firsts 

4,241 

Mixed  hair  and  seconds 

613 

Basuto  hair ' 

493 

Locks 

111 

Total 

5,684 

19,  475 

20, 870 

9,963 

16,  524 

5,410 

8,533 

1  Basuto  hair  is  mohair  from  native-owned  Angoras  in  Basutoland.  It  is  bluish  in  color  and  of  inferior 
quality. 

Port  Elizabeth  Wool  and  Mohair  Buyers'  Association,  wool  and  mohair  trade  of  the  union 
of  south  Africa.    Statis.  Rev.  3.    July  1932.    [Mimeographed.] 
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Table    24. — Mohair:    Price    per    pound,    by    grade*.    Union    of    South    Africa, 

1932-33 


Month 

Average 

winter 

kids 

Good 
average 
winter 

hair 

Summer 
kids 

Summer 
firsts 

Good 
average 
Basuto 

hair 

Locks 

July              

Cents 

Cents 
5 
5-6 
5H 

4,4-5 
5 

JH-5 

3 

Cents 

Cents 
6 
6 
7 
6 
6 

Cents 

Cents 

•> 

August 

8 

10 
12 

16 
16 
20 

4-7 

5 

2 

October --         _  - 

1K> 

3 
3 

3 

1 

9 

4 

16-24 

7-8 

5-7 

2-3 

1  The  Union  of  South  Africa  abandoned  the  gold  standard,  and  exchange  rates  moved  to  par  with  British 
sterling. 

Tahle  25. — Mohair:  Exports  and  price  per  pound  in  the  Union  of  South  Africa, 

J  851   to    1981 


Calendar  year 

Quantity 

Average  price 
per  pound 

Calendar  year 

Quantity 

Average  price 
per  pound 

1857 

Pounds 

870 

Pence 
27.  6 

Cents  ' 
56 

1895 

Pounds 
11,090,449 
10,001,028 
12,  583,  601 
10, 876,  014 

12,  777,  306 
9, 027,  361 

10, 813.  239 
17,626,621 
14, 174,  315 
14, 038,  780 
10, 837,  682 
14,666,110 
17,590,635 
16,878,082 

18,  332, 093 
19, 649, 053 
17,817,219 
21, 066,  S25 
23, 479,  729 
17,355,882 
18, 865,  743 
16,  304,  378 
17,374,068 

3, 690,  828 

19,  645,  684 
16, 942, 021 

6,  289,  888 
17,128,915 
25,  792,  749 
14, 987, 851 

13,  666, 125 
11,560,405 
11,140,909 
10,  681,  290 

7,  703,  816 
10,038,287 

6, 873,  656 
5,  442,  883 

Pence 
15.4 
13.7 
12.9 
14.3 
14.6 
13.0 
11.2 
10.5 
11.0 
10.5 
12.6 
13.1 
11.5 

9.4 
10.6 
10.5 
12.2 
10.5 

9.9 
12.1 
10.6 
10.1 
15.4 
18.2 
20.1 
23.4 
19.8 

8.2 
19.7 
15.2 
20.1 
17.4 
16.0 
18.2 
22.6 
15.4 
10.3 

5.4 

Cents i 
31 

1858 

1896 

28 

1859 

602 

385 

784 

1,036 

1,354 

8,104 

6,992 

21,  165 

50,832 

102,  570 

260,  932 

403,  153 

536,  292 

876,861 

765,  719 

1,036,570 

1,  147,  453 
1,323,039 
1, 433,  774 
1, 358,  395 
2.288,116 

2,  590,  232 
4, 146, 128 

3,  776,  657 
4, 443,  971 
4, 329,  355 
5,  251,  301 
5,  421,  006 
7, 153,  730 
9,  598,  768 
9, 442,  213 
9,  235,  249 
9, 953,  548 

10,  516,  837 
9,  457,  278 
10, 003, 173 

12.0 
7.5 
18.7 
12.5 
13.0 
18.0 
12.6 
11.2 
9.3 
9.4 
13.6 
15.9 
19.3 
15.9 
14.4 
24.8 
27.9 
20.7 
19.5 
19.1 
13.7 
19.1 
15.2 
16.1 
14.7 
13.3 
9.3 
10.3 
9.0 
7.6 
8.9 
8.8 
8.6 
8.5 
13.4 
10.1 

24 
15 
38 
25 
26 
36 
26 
23 
19 
19 
28 
32 
39 
32 
29 
50 
57 
42 
40 
39 
28 
39 
31 
33 
30 
27 
19 
21 
18 
15 
18 
18 
17 
17 
27 
20 

1897 

26 

1860 

1898 

29 

1861 

1899 

29 

1862 

1900 -_. 

26 

1863 

1901 

23 

1864                       

1902 

21 

1865 

1903 

22 

1866 

1904  . 

21 

1867                   

1905 

26 

1868 

1906 

27 

1869 

1907 

23 

1870 

1908 

19 

1871 

1909 

21 

1872 

1909  2 

21 

1873 

1910 

25 

1874                   

1911 --- 

1912 

21 

1875 

20 

1876 

1913 

25 

1877.--- 

1914  -. 

21 

1878 

1915 -- 

20 

1879 

1916 

31 

1880 

1917  .- 

37 

1881 

1918 

41 

1882 

1919 

47 

1883 

1920 

40 

1884 

1921 

17 

1885 

1922 

22 

1886 

1923 

31 

1887 

1924 

41 

1888 

1925 

35 

1889 

1926 

32 

1890 

1927 

37 

1891 

1928 

46 

1892 

1929 

31 

1893.-.-           

1930 

21 

1894 

1931 

11 

1  Converted  at  par. 

2  Trade  and  Shipping. 

du  Toit,  F.  J.    the  future  of  MOHAIR.     (Manuscript  filed  with  the  Foreign  Agricultural  Service 
Division,  Bureau  of  Agricultural  Economics.) 
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DESTINATION  OF  MOHAIR  EXPORTS 

Nearly  all  the  mohair  is  exported  to  the  United  Kingdom.  France 
takes  3  or  4  percent  and  other  European  countries  and  Japan  take 
smaller  quantities.  The  United  States  formerly  took  a  fair  quantity, 
over  25  percent  in  some  years,  but  has  taken  almost  none  recently 
(table  26). 

Table  26. — Mohair:  Exports   from  the   Union   of  South  Africa,   by  countries, 

1930-31  to  1933-3', 


Country  to  which  exported 

Year  ended  June  30— 

1930-31 

1931-32 

1932-33 

1933-34 

United  Kingdom.. 

1,000  pounds 

5, 650 

257 

6 

237 

10 

14 

1,000  pounds 

3,279 

129 

7 

1,000  pounds 

10,969 

431 

105 

98 

74 
78 
62 
25 

1,000  pounds 
9,463 

283 

Spain  ... 

0) 

United  States ... 

2,036 

Japan.     

7 

68 

Germany 

0) 

Holland 

(') 

Belgium..   . ... 

31 

(0 

117 

Total 

0,205 

3,422                 11.842 

11,  967 

' 

1  Included  with  optional. 

South  African  Department  of  Agriculture,  Division  of  Economics  and  Markets. 

GOVERNMENT  AID 

When  England  abandoned  the  gold  standard  in  September  1931  it 
caused  exchange  rates  to  move  25  to  30  percent  against  the  Union  of 
South  Africa.  This  was  immediately  reflected  in  the  prices  obtain- 
able there  for  mohair.  The  Government  soon  granted  a  25-percent 
export  subsidy,  retroactive  to  July  1.  This  was  changed  to  a  flat 
rate  of  1  penny  per  pound  on  February  11,  1933,  but  this  continued 
to  be  about  25  percent,  more  or  less,  according  to  grade.  It  was  not 
successful  in  making  mohair  salable  during  the  depression  at 
profitable  prices. 

The  Government  also  aided  the  mohair  producers  by  promoting 
cooperative  organization  and  by  granting  loans  for  advances  on 
mohair  delivered. 

Mohair  producers  shared  in  the  33!/3-percent  reduction  in  railage 
rates  in  1931,  but  mohair  production  has  remained  one  of  the  Union's 
most  depressed  industries. 

CATTLE 

INTERNATIONAL  SIGNIFICANCE  OF  CATTLE  IN  SOUTH  AND  EAST 

AFRICA 

The  11  British  and  2  Portuguese  countries  in  south  and  east  Africa, 
from  Uganda  southward,  have  a  total  area  equal  to  that  of  the 
United  States.  An  insignificant  part,  as  compared  with  the  enor- 
mous expanse  of  grazing  land,  is  in  crops.  With  the  exception  of 
the  Union  of  South  Africa,  none  of  these  countries  is  suitable  for 
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wooled  sheep,  barring  small  isolated  areas.  The  land  is  preemi- 
nently suited  for  cattle  grazing.  Cattle  in  these  13  countries  al- 
ready number  close  to  30,000,000  head,  of  which  about  9,000,000  are 
owned  by  the  2,000,000  European  (white)  population  and  about 
20,000,000  by  the  30,000,000  natives  and  Asiatics  to  whom  cattle 
commonly  represent  their  wealth  and  their  major  medium  of  ex- 
change (table  27).  Cattle  are  replacing  wild  game,  and  the  time 
may  come  when  these  countries  will  contribute  materially  to  the 
world's  supply  of  beef.  At  present  there  is  only  one  head  of  cattle 
for  every  65  acres  of  land,  although  in  Southern  Rhodesia,  where 
the  cattle  industry  is  fairly  well  established,  the  density  of  cattle 
numbers  is  about  twice  as  great  and  is  still  increasing.  A  close  study 
of  potential  competition  from  these  countries  is  of  great  importance 
to  American  cattlemen  and  to  those  concerned  with  the  formulation 
of  a  safe  agricultural  production  policy. 

Table  27. — Cattle:  Number  in  relation  to  land  area  in  13  .south  and  east  African 

countries,  1930 


Country 


Land  area 


Cattle 


Owned  by 
Europeans 


Owned  by 
natives 


Total 


Area 
per 
head 


Union  of  South  Africa. 

Basutoland  • 

Swaziland ,. 

Bechuanaland  i 

South- West  Africa 

Southern  Rhodesia 

Northern  Rhodesia 

Nyasaland 

Mozambique 

Angola 

Tanganyika 4 


Uganda. 


1,000  acres 

302, 027 

7,498 

4,291 

176,000 

206,332 

96,227 

184, 320 

25,600 

190,483 

310,  254 

233,600 

144,000 

60,160 


Number 

6, 668, 092 

6,251 

65,200 

68,718 

549,  912 

910,  343 

103.  201 

19,  556 

(7) 

(< 

« 

226,861 

(•) 


Number 

3,905,777 

574, 415 

268,400 

426, 344 

*  105,  348 

1, 558, 075 

362,  768 

151,  :04 

5, 170,  162 
4,  965,  963 
1,  984,  703 


Number 

10, 573, 869 

»  580, 666 

333,600 

3  495,062 

655,  260 

2, 468,  418 

465, 969 

170,760 

491,000 

1,423,000 

5, 170,  162 

5, 192,  824 

1, 984,  703 


Acres 

29 

13 

13 

356 

315 


150 


218 
45 


n 


Total* 1,940,792 


8, 618, 134 


19, 473, 159 


30, 005, 293 


1  1921.  _ 

2  Basutoland  agricultural  officer,  Maseru,  In  correspondence,  estimates  the  1931  total  to  be  only  500,000 
head. 

3  Estimated  total  625,000  in  1928. 

*  Including  cattle  owned  by  colored  people. 
»  Estimate. 

6  Number  insignificant. 

7  Not  reported  separately. 

8  Approximate. 

Official  sources. 


The  number  of  cattle  in  the  United  States  was  67,000,000  as  of 
January  1,  1934.  The  beef  and  dairy  output  from  this  number  is 
very  much  greater  than  from  the  30,000,000  head  in  these  countries 
because  a  large  part  of  the  latter  are  owned  by  natives  and  are  not 
looked  upon  as  sources  of  income.  Furthermore,  considerable  num- 
bers, about  2,000,000  head  in  the  Union  of  South  Africa  and  smaller 
numbers  elsewhere,  are  used  for  draft  purposes  instead  of  horses  or 
mules.  From  this  it  follows  that  any  material  increase  in  numbers 
or  a  conversion  of  the  native  attitude  to  a  semicommercial  opinion 
of  their  cattle  would  multiply  the  output  for  international  trade 
many  times, 
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The  number  of  cattle  in  Argentina  in  1930  was  32,000,000  and  the 
number  in  Australia  in  1932,  12,000,000,  and  the  total  in  the  world 
approximately  650,000,000.  In  comparison  with  those  countries, 
these  African  countries  are  producing  only  a  small  fraction  of  their 
possible  output  of  cattle  and  cattle  products. 

The  number  of  cattle  in  these  African  countries  will  be  greatly 
increased  if  and  when  (1)  certain  serious  or  deadly  cattle  diseases 
are  brought  under  complete  or  partial  control  by  veterinary  research 
and  scientific  ranching  methods,  (2)  the  feed  problem  during  the 
dry  winter  months  is  solved,  (3)  mineral  deficiencies  in  the  grass 
are  overcome  by  supplementary  feeding,  (4)  watering  places  are 
provided  closer  together,  (5)  predacious  animals  are  more  nearly 
eliminated,  (6)  improved  breeding  provides  a  more  marketable  prod- 
uct, and  (7)  transportation  and  marketing  handicaps  are  overcome 
by  the  building  of  more  railroads  and  the  improvement  of  marketing 
facilities. 

UNION  OF  SOUTH  AFRICA 

The  potentialities  of  cattle  production  in  the  Union  of  South 
Africa  can  best  be  understood  by  comparing  that  country  with  the 
southwestern  areas  of  the  United  States,  to  which  it  is  very  similar 
(table  28).  The  Union  is  equal  in  area  to  the  3  States — Texas,  New 
Mexico,  and  Arizona.  It  is  also  equal  in  area  to  the  4  States — Cali- 
fornia, Nevada,  Utah,  and  Arizona.  In  each  case  the  population  is 
about  the  same.  The  cropping  practice  of  the  Union  occupies  an 
intermediate  position  between  that  of  these  two  groups  of  States. 
The  Union  has  much  less  cotton,  wheat,  and  grapefruit  than  the 
Texas  group  but  more  tobacco,  sugar,  oranges,  and  grapes.  As  com- 
pared with  the  California  group  the  Union  has  less  cotton  and  fruit 
but  more  corn,  sugar  (as  cane  sugar),  and  tobacco.  The  Union  has  a 
smaller  crop  area  than  the  Texas  group  but  slightly  more  than  the 
California  group.  In  each  case  the  Union  has  much  less  irrigated 
land,  and  yields  are  lower.  With  respect  to  cattle,  the  Union  has 
more  than  the  Texas  group  and  many  more  than  the  California 
group,  but  the  production  of  butter  is  only  about  one-third  as  much 
as  in  either  group.  The  number  of  sheep  in  the  Union  is  about  five 
times  as  great  as  that  in  either  group  of  States. 

Considerations  to  be  discussed  later  point  to  the  conclusion  that 
the  Union  will  remain  a  grazing  country,  with  cattle  gaining  in 
importance  as  compared  with  sheep,  and  that  dairying  will  become 
fairly  important  in  relation  to  beef.  The  value  of  grazing  used 
by  cattle,  in  terms  of  output,  is  already  greater  for  cattle  than  for 
sheep  and  practically  equal  to  that  for  sheep,  goats,  horses,  mules, 
and  donkeys  combined  (table  29).  The  value  of  grazing  in  terms 
of  dairy  production  is  still  small  in  relation  to  the  value  for  ox  labor, 
beef,  and  hides,  but  butter  production  has  increased  rapidly  since 
1925. 

The  grassland  area  of  the  Union  is  confined  to  the  eastern  part, 
where  summer  rainfall  is  above  20  inches  per  year,  roughly  to  a  tri- 
angle lying  east  of  a  line  running  north  from  Port  Elizabeth  (fig. 
28).  The  cattle  occur  in  this  grassland  area  where  grazing  capacity 
may  be  increased.  West  of  this  grassland  area,  little  can  be  done 
to  enhance  the  carrying  capacity  of  the  karoo-bush  sheep-grazing 
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lands  (table  30).  In  the  grassland  area  which  supports  both  cattle 
and  sheep  there  is  a  strong  probability  that,  especially  with  improv- 
ing prices  for  wool,  lamb,  and  beef,  more  intensive  methods  of  grass- 
land management  will  be  adopted,  and  the  output  even  at  present 
prices  may  be  increased  $15,000,000  or  $20,000,000  per  year,  about  10 
or  15  percent. 

Table  28. — Agricultural  cliaracteristics:   Comparison   of   the    Union    of   South 
Africa  with  selected  Southwestern  States,  1930 


Item 

Unit 

Union  of 
South  Africa 

Texas,  New 

Mexico,  and 

Arizona 

California, 
Nevada, 

Utah,  and 
Arizona 

Square  mile 

471,917 

492,  486 

467,  943 

Population:1 

1, 827, 166 
6,  215, 050 

...do 

do 

Total             

8,  042,  216 

6,  684,  321 

6,  701,  405 

do 

96,940 

204,  614,  549 

13, 120, 986 

867, 627 

10,  573, 869 

48,  358,  349 

18,222,000 

9, 538,  000 

1,151,533 

10,614,911 

3  6, 396,  774 

79, 916,  667 

35, 935 

11,628 

309.  919 

'  2,  644, 900 

22,099 

12,  269,  060 

*  2, 865, 000 

*  125, 000 

»  10, 000 

5  181,000 

5  9,400 

»  21, 000 

«7,000 

541,426 

166, 056, 000 

37,  214, 000 

1, 926,  378 

8, 102, 000 

9,994,000 

28, 968, 000 

57, 819, 000 

2,822,000 

31,479,000 

5, 197, 000 

95,  771, 000 

17, 882, 000 

4, 360,  000 

180,  450 

50,  663,  000 
11,028,000 

...do 

do 

7, 119,839 

Total  cattle 

Number.  ... 

3, 498, 000 

do 

8,  518,  000 

Pound . 

87, 856, 000 

do 

7, 762,  000 

Wheat 

834,000 

Do 

Bushel .- 

18,091,000 

153,000 

Do.          

Bushel ...  .  - 

4,  717, 000 

485,000 

Do..          

Bale 

410,000 

114,000 
1, 328, 000 

Do 

Ton 

Tobacco .              ..  -  

Acre 

Do 

Pound 

Oranges.    _  . . 

Box. 

192, 000 
1,035,000 

32, 910, 000 

Grapefruit 

Lemons .  

do 

...do 

1, 628, 000 
7, 020,  000 

3.  335 
22,225 
9,850 

16,  675 

2, 094,  782 
831,  725 

do6 

do«._ 

239,  150 

...do«.. 

322,275 

i  1931. 

»  1924. 

J  European  only — represents  77  percent  of  corn  production. 

4  1929. 

*  Estimate. 

*  40  bushels  per  ton. 

Official  sources. 

TREND   OF  PRODUCTION 


Cape  Province  is  in  large  part  suited  only  for  grazing  sheep,  but 
owing  to  its  large  size  and  favorable  cattle-grazing  conditions  in 
the  eastern  districts  it  has  more  cattle  than  any  other  Province. 
Transvaal  ranks  second,  Natal  third,  and  Orange  Free  State  fourth. 
The  relative  ranking  of  the  four  Provinces  has  remained  unchanged 
during  the  expansion  of  the  last  20  years,  but  cattle  have  increased 
much  more  rapidly  in  Natal  than  elsewhere.  This  situation  is  illus- 
trated in  table  31.  During  5  years  ended  in  1930  sheep  were  in- 
creasing rapidly  in  the  marginal  sheep  and  cattle  area  of  Orange 
Free  State,  and  work  oxen  were  being  temporarily  replaced  by 
tractors.  There  is  evidence  to  indicate  that  cattle  numbers  are 
again  increasing  in  all  Provinces  and  that  Natal  is  maintaining  its 
rank  as  an  important  dairy-  and  beef-producing  area. 
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Table  29. — Value  of  grazing  in  the  Union  of  South  Africa  during  1931 


Produced  on  pastures 

Item 

Quantity 

Value  I 

Per  unit 

Total 

Cattle  slaughtered  . ._ 

Number 

600, 000 
2,000,000 

Dollars 
43.80 
14.60 

1,000  dollars 

26,280 

29,200 

6,570 

Ox  labor -.  - .  _  .    ... 

Hides,  export...      .    .    _.      -  _  -  .._  .         r  .  ,.„ 

Hides,  local  use... -  .  . 

3,407 

6,228 
1,606 

1,216 

Butter2 

Pounds 
25, 600, 000 
6, 600, 000 

Number 
50, 000 

.2433 
.2433 

24.33 

Cheese 2             -.-                     ..  .-. 

Annual  cattle  increase    -        ..  -  .        ..- ..     . 

Total  cattle 

74,  507 

Wool           

Bales 
1, 000, 000 

31.63 

31,630 
8,079 

Number 
2, 600, 000 
2, 000, 000 

4.26 
3.04 

11, 076 

6,080 

Total  sheep.. -    - 

56, 865 

Pounds 
10, 000, 000 

.365 

3,65 

1,703 

730 

6,083 

Number 
400, 000 
130,000 

13, 000 
300,000 

10, 000 

36.50 
36.50 
34.07 

4.87 
4.87 

14,600 

(3) 

443 

1,461 

49 

Total,  horses,  mules,  and  donkeys. .. 

16,  553 

154,  008 

i  Values  converted  at  par. 

2  Milk  not  included  because  a  large  quantity  is  produced  in  cities  and  because  butter  and  cheese,  included 
here  at  full  value,  are  not  products  of  grazing  land  only. 

3  Not  grazed  on  natural  pastures. 

A.  J.  Beyleveld,  Department  of  Agriculture,  Union  of  South  Africa. 

Table  30. — Approximate  distribution  of  annual  rainfall,  Union  of  South  Africa 


Average  annual  rainfall  (inches) 

Cape 
Province 

Orange  Free 

State 

Transvaal 

Natal 

Union 

Square  miles 

6,501 

177,  677 

66,  817 

21,  771 

4,071 

129 

Square  miles 

Square  miles 

Square  miles 

Square  miles 
6,501 

5.1-15 

573 
32, 660 
17, 156 

178,250 

15.1-25 

70,764 

33, 632 

5,536 

518 

170,  241 

25.1-35 

23,231 
14,060 

95,790 

35.1-50 

23,667 

Over  50 

647 

Total 

276, 966 

50,  389 

110, 450 

37,291 

i  475, 096 

1  Error  in  source:  The  Union  has  472,347  square  miles,  according  to  Official  Yearbook  Q7,  no.  IS,  p.  XII). 
Grassland  Research  Committee,  The  Grasslands  of  South  Africa  (//). 
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During  the  5  years  ended  in  1930  the  total  number  of  cattle  owned 
by  Europeans  decreased  steadily,  whereas  the  number  owned  by 
natives  steadily  increased,  especially  on  the  native  reserves  where 
compulsory  dipping  and  the  control  of  tick-borne  diseases  have  re- 
duced death  losses  to  such  an  extent  that  the  reserves  have  become 
overstocked  and  the  grazing  lands  have  deteriorated. 

Less  than  5  percent  of  the  area  of  the  Union  is  in  cultivated  land, 
orchards,  or  wattle  plantations.  By  far  the  greater  part  of  the  area 
is  grazing  land,  either  grassland  or  karoo  bush,  and  because  of  in- 
sufficient rain  and  the  high  proportion  of  infertile  stony  soil,  grazing 


Figure  28. — Cattle  are  chiefly  native-owned  between  East  London  and  Swaziland,  largely 
native  owned  in  northern  and  western  Transvaal  Province,  and  many  are  owned  by 
native  squatters  on  European  farms  except  in  western  Cape  Province. 

land  will  always  predominate  to  almost  the  present  extent.  Most  of 
the  rain  falls  in  the  summer  months,  often  in  light  showers  of  doubt- 
ful value  or  in  torrential  storms.  Loss  of  moisture  from  run-off  and 
evaporation  is  exceptionally  high. 

Cattle  raising  in  the  Union  of  South  Africa  is  markedly  inefficient. 
One  might  expect  that,  with  10,500,000  cattle  in  the  Union  including 
about  3,650,000  cows,  producing  about  1,500.000  calves  per  year,  the 
annual  slaughterings  would  reach  about  1,000,000  head.  Actually 
only  about  600,000  head  are  slaughtered  annually.  The  calf  crop  is 
only  about  50  percent  among  European-owned  cows  and  even  less 
among  native-owned  cows  (table  32).  Even  worse,  the  calves  needed 
to  replace  death  losses  represent  almost  half  of  the  calves  produced 
by  European-owned  cows  and  from  one-half  to  two-thirds  of  the 
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calves  produced  by  native-owned  cows.  By  improving  the  calving 
percentage  and  by  selling  the  cattle  before  they  die  the  beef  and  dairy 
output  can  be  increased  100  to  200  percent  without  increasing  the  total 
number  of  cattle  grazed  in  the  Union.  The  United  States,  with  6 
times  the  number  of  cattle,  slaughters  35  times  as  many  cattle  and 
calves. 


Table  31. — Cattle:  Number  in  the  Union  of  South  Africa,  190Jf  to  1930 


Province 

Total 
Union 

Cattle  owned  by- 

Year 

Cape 

Natal 

Transvaal 

Orange 
Free 

State 

Euro- 
peans 

Natives 

On  farms 
owned  by 
Euro- 
peans 

On 

native 

reserves, 

etc. 

1904 

Number 
1,954,390 
2,  715,  330 
2, 410, 934 
2,  593,  693 
2,  573,  591 
2,  810,  903 

2,  976,  168 

3,  212,  225 
3,  323,  651 
3,  238,  272 
3,  351,  269 
3,  335, 179 
3,  246, 109 
3,  307,  475 
3,  358,  259 

Number 

666, 903 

456,  087 

977,  252 

1,111,138 

1,  209,  717 

1,452,017 

1,  566,  232 

1,789,471 

1,  892,  848 
1,962,777 

2,  152,  1C0 
2,  282,  480 
2,  379,  9C3 
2,  455,  400 
2,  484,  891 

Number 
515, 956 

1,  339,  298 
1,888,443 
2, 083,  525 
2, 427, 159 

2,  561,  618 
2,  762,  044 
2,  743,  518 
2,  832,  620 

2,  963,  993 
3, 055, 140 

3,  038,  021 
3,  088,  962 
3,  130,  871 
3,  088,  734 

Number 
363, 204 
1,  286,  234 
1,  575,  295 
1,  744,  600 
1,  721,  803 
1,  732,  551 
1,  896,  225 
1,  862, 122 
1,849,309 
1,  865,  449 
1, 955,  772 
1,  933,  893 
1,935,419 
1,801,345 
1,641,985 

Number 
3,  500, 453 
5,  796,  949 
6, 851,  924 

7,  532, 956 
7, 932,  270 

8,  557,  089 

9,  200,  669 
9,  607,  336 
9,  898,  428 

10,  030,  491 
10,  514,  281 
10,  589,  573 
10,650,393 
10,  695,  091 
10,  573,  869 

Number  1 

Number  ' 

Number  ' 

1911 

1918 

1919 

1920 

1921 

1922 

1923 

5,  365,  736 
5,  369,  770 
5,316,516 
5,  545,  637 
5,  450,  781 
5,  377,  895 
5,  264,  340 
5, 172,  310 

1,  246, 132 
1,  294,  289 
1,  343,  537 
1,  475,  390 
1,  494,  262 
1,503,521 
1,508,430 
1,495,782 

2,  703, 314 

1924 

2, 942,  215 

1925 

1926     

3,  078,  284 
3,316,147 

1927     

3,  467,  423 

1928 

1929 

3,591,870 
3,745,214 

1930  » 

3,  905,  777 

i  Excluding  livestock  in  towns. 

Union  of  South  Africa,  Official  Yearbook  (47,  no.  13),  and  Agricultural  Census  Reports. 

Slaughter  statistics  show  significant  trends  (table  9).  In  the  Union 
very  few  cattle  are  slaughtered  excepting  in  abattoirs  or  at  slaughter 
poles — practically  none  by  the  natives  except  for  religious  ceremo- 
nies. Abattoir  slaughterings  of  cattle  increased  rapidly  between  1919 
and  1929,  but  since  that  time  they  have  decreased,  whereas  sheep 
slaughterings  have  increased.  This  is  an  additional  reason  for  be- 
lieving that  the  number  of  cattle  is  increasing  more  rapidly  at 
present. 

Cattle  production  is  likely  to  expand  in  the  Union  of  South  Africa 
during  the  'next  few  years  as  a  result  of  certain  influences  now  at 
work:  (1)  Improvement  of  grassland  and  cattle-management  meth- 
ods, (2)  continued  progress  in  the  control  of  tick-borne  diseases,  (3)^ 
conversion  of  native  cattle  owners  to  a  semicommercial  point  of 
view,  (4)  substitution  of  work  oxen  for  tractors  under  prevailing 
price  conditions,  (5)  relatively  higher  prices  obtainable  for  cattle 
than  for  wool,  and  (6)  development  of  an  export  trade  in  chilled 
beef. 

Expansion  in  the  livestock  industry  in  the  Union  of  South  Africa 
is  more  likely  to  occur  in  the  beef -cattle  industry  than  in  the  sheep- 
and-wool  industry,  because  the  grasslands  are  subject  to  more  im- 
provement and  heavier  stocking  than  are  the  dry  karoo  lands,  which 
are  now  fully  used  for  sheep.  The  cattle  population  of  South  Africa 
is  likely  to  increase  from  10,500,000  to  15,000,000  before  the  sheep 
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population  increases  from  50,000,000  to  60,000,000.  In  terms  of  ani- 
mal units,  one  would  expect  an  increase  of  5,000,000  units  of  cattle 
sooner  than  an  expansion  of  1,500,000  units  of  sheep.  After  the  grass 
lands  of  the  northern  Transvaal  have  been  more  heavily  grazed  for 
a  few  years  and  improved  by  certain  methods  of  pasture  manage- 
ment, the  composition  of  the  veld  grasses  may  be  changed  sufficiently 
to  warrant  the  expansion  of  sheep  in  this  area,  but  this  will  be  a 
remote  and  secondary  development. 


Table  32. — Cuttle:  Approximate  classification 

19SS 


in  the   Un/ion  of  South  Africa, 


Cattle  owned  by — 

Designation 

Europeans 

Natives 

On  farms 
owned  by 
Europeans 

On  native 

reserves, 

etc. 

Class  of  cattle: 

Cows  milked-                      ','''' 

Number 
750,000 

1,000,000 
800,000 
700,000 

1,450,000 
300,000 

Number 

0) 
500,000 
225,000 
200,000 

'  250,  000 
325,000 

Number 
0) 

1,400,000 

670,000 

560,000 

Work  oxen 

2  500,  000 
870,000 

Total -. 

5,000,000 

1,500,000 

4,000,000 

Annual  disposals: 

345,000 

4  65,  000 

«390,000 

75,000 

145,000 

Reserved  to  replace  deaths 

6  150,000 

6  375, 000 

150,000 

Total,  indicating  the  annual  calf  crop  ' 

800,000 

225,  000 

670,000 

1  Typically,  2  cows  per  native  family  produce  1  quart  of  milk  per  day. 

2  Including  bulls  worked. 

3  625,000  total;  565,000  not  imported. 

*  Census  enumerated  80,954  in  1924-5,  62,601  in  1929-30. 

5  Census  enumerated  249,237  cattle  died  in  1925-26;  388,936  in  1927-28;  and  242,372  in  1929-30;  but  these 
figures  are  probably  too  low. 

6  Census  reports  (about  70,000  on  European  farms  and  200,000  on  native  reserves)  too  low  on  account  o 
disadvantage  to  native  of  reporting  dead  cattle,  which  must  be  burned  instead  of  eaten  as  meat. 

7  Calculated  from  census  enumerations  of  slaughterings,  deaths,  and  changes  in  numbers  on  hand,  the 
total  calf  crop  was  1,411,629  in  1924-25  and  1,076,737  in  1929-30,  but  these  figures  are  probably  too  low. 

Based  upon  the  classification  in  the  1930  agricultural  census  and  the  actual  classification  in  Southern 
Rhodesia. 

Improved  grasses  such  as  kikuyu,  Paspalum,  Rhodes'  grass,  and 
certain  finger  grasses  are  being  introduced  in  the  better  areas  to  sup- 
plement the  natural  veld  during  the  rainy  summer  months,  October 
to  April.  During  the  dry  winter  months  other  grasses  which  re- 
main green  throughout  the  winter,  such  as  cocksfoot,  ryegrass,  tall 
oatgrasses,  tall  fescue,  Phalaris  bulbuosa,  and  Yorkshire  fog,  are 
recommended. 

By  subdividing  the  pastures  into  smaller  fields  and  by  rotational 
grazing,  it  is  hoped  to  avoid  grazing  pastures  at  the  wrong  time  in 
their  stage  of  growth.  Pastures  set  aside  for  winter  grazing  may  be 
cut  once  or  twice  for  hay  or  grass  silage  if  cut  not  later  than  Feb- 
ruary. Feed  shortage  during  the  dry  winter  months  can  thus  be 
avoided  and  an  enormous  quantity  of  summer  grass  now  wasted, 
conserved. 
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With  an  application  of  400  pounds  of  pasture  fertilizer  costing  $6 
or  $7  per  acre  per  year,  it  is  not  likely  that  fertilization  will  pay 
except  on  the  best  cultivated  grasslands  where  rainfall  is  highest  and 
where  the  more  valuable  products,  such  as  milk  and  butter,  are 
produced. 

A  surprising  increase  in  growth  of  cattle  and  elimination  of  the 
disease,  lamsiekte,  follow  the  feeding  of  bone-meal  supplements  to 
cattle,  especially  in  the  northeastern  districts  of  Cape  Province  where 
cattle  numbers  are  expanding  rapidly.  Investigations  now  being  con- 
ducted by  Government  veterinarians  indicate  that  phosphorus 
deficiency  is  general  throughout  the  Union.  An  experiment  con- 
ducted between  1925  and  1929  showed  that  3-year-old  animals 
which  had  been  fed  3  ounces  per  day  of  bone  meal  averaged  1,194 
pounds  live  weight  on  the  ranch,  and  dressed  at  the  market  597 
pounds,  whereas  control  animals  without  bone  meal  weighed  737 
pounds  on  the  ranch,  and  dressed  only  339  pounds.  None  of  the 
cattle  received  any  supplemental  feeding.  The  increased  weight  of 
the  hide,  71  pounds,  as  compared  with  48  pounds,  almost  paid  for  the 
cost  of  the  bone  meal  fed  over  a  period  of  2%  years.  The  bone-meal- 
fed  animals  averaged  £9  6s.  4d.  ($45.34)  per  head,  while  the  others 
sold  for  only  £3  13s.  5d.  ($17.86)  per  head.  This  striking  discovery 
is  playing  a  significant  part  in  the  expansion  of  cattle  production  in 
Bechuanaland  districts  and  a  few  others. 

Cattle  diseases  have  played  an  important  part  in  slowing  down 
the  development  of  the  cattle  industry.  At  the  end  of  the  last  cen- 
tury rinderpest  swept  southward,  decimating  the  herds.  Trypano- 
somiasis, transmitted  by  the  tsetse  fly  (Glossina  morsitans),  is  now 
a  limiting  factor  in  a  few  areas.  An  outbreak  of  foot-and-mouth 
disease  occurred  in  1933.  East-coast  fever  and  other  tick-borne  dis- 
eases are  constant  sources  of  death  losses  despite  compulsory  dipping 
at  weekly  intervals.  Some  declare  that  the  veterinarians  hold  the 
key  to  the  success  of  the  South  African  cattle  industry. 

Eemarkable  progress  is  being  made  by  research  and  in  the  activi- 
ties of  extension  veterinarians.  In  the  future  death  losses  will  un- 
doubtedly be  less  severe,  especially  if,  by  better  feeding,  the  cattle  at 
the  end  of  the  dry  winter  months  are  in  a  less  weakened  condition. 
The  elimination  or  material  reduction  of  tick-borne  diseases  will  also 
hasten  improvement  along  breeding  lines  because  cattle  growers  will 
feel  less  need  to  raise  the  hardier  native  cattle,  which  are  more  re- 
sistant to  tick-borne  diseases.  Five  or  ten  years  hence  there  should 
be  a  marked  decrease  in  cattle-disease  losses  and  a  corresponding 
increase  in  the  number  and  improvement  in  the  quality  of  the  cattle. 

The  number  of  native-owned  cattle  in  the  Union  has  increased 
much  more  rapidly  than  the  number  of  European-owned  cattle, 
largely  as  a  result  of  ending  tribal  wars  and  of  rigid  control  of 
compulsory  dipping  of  cattle,  and  they  now  out-number  European- 
owned  cattle.  The  rapid  increase  in  the  number  of  native-owned 
cattle  is  clearly  reflected  in  the  official  statistics  of  cattle  registered 
in  the  most  important  native  cattle-producing  area.  There  has  been 
an  uninterrupted  increase  in  the  number  of  such  cattle  from  535,000 
in  1918  to  1,614,000  in  1931,  largely  as  a  result  of  compulsory  dipping. 
Important  native  areas  are  becoming  seriously  overstocked.  In  some 
places  the  lands  are  becoming  eroded,  and  Government  officials  are 
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making  vigorous  efforts  to  induce  the  natives  to  sell  some  of  the 
annual  increase. 

One  of  the  obstacles  that  has  prevented  improvement  of  cattle 
in  the  native  areas  of  the  Union  of  South  Africa  is  the  indisposition 
of  the  natives  to  sell  their  cattle.  To  the  natives,  cattle  are  measures 
and  evidences  of  wealth,  to  be  accumulated  as  much  as  possible, 
with  the  result  that  pastures  have  been  overstocked  and  soil  erosion 
has  been  increased.  To  meet  this  situation  the  Department  of  Native 
Affairs  is  sponsoring  and  organizing  auction  sales  of  native  cattle, 
patronized  by  cattle  traders. 

If  the  overstocking  of  the  grazing  land  in  the  native  reserves  can 
be  corrected,  the  grass  will  recover  so  that  the  output  of  meat  will 
be  considerably  increased.  If,  in  addition,  natives  take  an  interest 
in  selling  their  stock  instead  of  accumulating  them,  the  quality  of 
the  cattle  may  be  improved. 

Apparently  some  progress  is  being  made  in  inducing  natives  to 
look  upon  their  cattle  as  sources  of  cash  income  rather  than  as 
measures  and  evidences  of  wealth,  the  primary  use  of  which  is  to 
pay  for  wives. 

The  number  of  cattle  and  sheep  raised  in  the  native  areas  would 
be  greater  except  for  the  large  numbers  of  donkeys,  which  are  of 
little  or  no  value.  The  1930  census  reported  170,417  donkeys  in 
native  reserves  in  the  Union.  The  Government  is  taking  action  to 
limit  the  number  of  donkeys  to  alleviate  the  condition  of  over- 
stocking. 

It  has  been  estimated  that  a  farm  tractor  displaces  50  work  oxen 
on  a  Transvaal  or  Free  State  corn  farm.  Perhaps  this  helps  to 
explain  the  reduction  in  cattle  numbers  and  the  increase  in  sheep 
numbers  in  the  corn  belt  between  the  years  1927  and  1930  for  it 
was  during  those  years  that  tractor  imports  reached  significant  num- 
bers. The  recent  decline  in  the  number  of  tractors  imported  and 
the  financial  difficulty  of  buying  fuel  for  tractors  already  on  the 
farms  during  the  period  of  low  agricultural  prices  may  be  expected 
to  result  in  the  increase  in  the  number  of  cattle  in  the  corn  belt 
(table  33). 

Table  33. — Tractors  imported  and  on  farms,  Union  of  South  Africa,  1918  to  1982 


Imports 

Tractors 
on  farms  2 

Year 

Imports 

Year 

Quan- 
tity i 

Value  l 

Average 

value  per 

tractor 

Quan- 
tity i 

Value  ' 

Average 

value  per 

tractor 

Tractors 
on  farms1 

1918 ..- 

Number 

Pounds 
sterling 

Dollars 

Number 
231 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

Number 

230 

481 

1,309 

2,696 

626 

114 

71 

74 

Pounds 

sterling 

49, 804 

96,722 

275,  635 

532,  724 

162,  505 

55,239 

33,203 

45,854 

Dollars 
1,054 

979 
1,025 

962 
1,263 
2,358 
2,  276 
2,571 

Number 
1  302 

1919 

294 
736 

72 

38 
32 

167 
199 

53,  312 

199, 626 

45,  897 

7,727 

1,530 

31,  602 

42,  998 

882 
1,320 
3,102 

1920 

1921 

1922 

3,684 

1923 

1924 

921 
1,052 

1925 

1  Union  of  South  Africa,  Trade  and  Shipping. 

2  Agricultural  census  reports. 

3  Approximated  from  reported  value. 
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The  relation  between  prices  obtainable  for  wool  and  for  cattle 
has  been  distinctly  in  favor  of  cattle  since  1928  (fig.  29).  This 
is  a  strong  inducement  for  farmers  in  the  border  zone  between  the 
sheep  and  cattle  areas  to  increase  the  number  of  cattle  and  decrease 
the  number  of  sheep.  This  is  especially  true  since  the  more  favor- 
able price  relation  of  cattle  has  persisted  for  4  years  and  since 
farmers  have  found  an  increased  demand  for  trek  oxen  and  for 
chilled  beef  for  the  newly  established  chilled-beef  trade. 

Any  further  expansion  of  the  cattle  industry  in  the  Union  of 
South  Africa  must  depend  upon  foreign  markets,  particularly  since 
the  marketable  output  is  increasing  annually.  The  principal  handi- 
cap in  marketing  South  African  beef  in  the  United  Kingdom  is  the 
low  quality  of  the  beef.  This  low  quality  is  due  in  part  to  inferior 
breeding  and  in  part  to  inferior  feeding  methods.     There   are   a 
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Figure  29.— Range  of  Prices  of  Medium   cattle  at  Johannesburg   and 
price  of  Grease  wool  at  Ports. 

Between   1928   and  1932  wool  prices  were  relatively  lower  than   cattle  prices. 

few  well-bred  and  well-fed  cattle  in  the  Union  of  South  Africa, 
but  not  enough  to  establish  a  large  trade  with  the  United  Kingdom. 
Producers  hesitate  to  produce  the  quality  of  cattle  that  would  be  suit- 
able for  export  trade  because  if  they  are  sold  in  the  Union  the 
premium  is  not  sufficient  to  cover  the  cost  of  production  of  this 
superior  quality.  Back  of  this  observation  lies  the  fact  that  there 
is  a  large  demand  for  the  lowest  grade  of  "  compound  "  beef,  which 
is  bought  by  the  mine  commissaries  for  feeding  the  natives  in  the 
native  compounds.  It  has  been  the  habit  of  butchers  who  hold  the 
contracts  for  supplying  these  mines  with  compound  beef  to  remove 
the  best  cuts  of  meat  from  these  carcasses  and  market  them  through 
their  retail  stores  to  the  European  population  in  the  Union.  This 
has  the  effect  of  increasing  the  value  of  compound  animals  and  de- 
creasing the  value  of  well-bred  and  well-finished  cattle  to  a  point 
at  which  the  spread  between  these  two  grades  is  not  commensurate 
with  the  difference  in  production  costs.  Attempts  are  now  being 
made  to  prevent  by  legislation  or  otherwise  the  sale  of  selected  cuts 
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(sometimes  the  entire  hindquarters)  from  compound  animals  to  the 
European  customers.  If  successful,  this  will  have  the  effect  of  low- 
ering the  value  of  compound  animals,  improving  the  quality  of  meat 
supplied  to  the  native  laborers  at  the  mines,  and  increasing  the  prices 
of  best-quality  beef  animals.  This  will  help  to  make  it  profitable 
to  practice  better  breeding  and  feeding  and  will  place  the  Union  in 
a  more  favorable  position  to  participate  in  the  beef  market  of  the 
United  Kingdom. 

METHODS  OF  PRODUCTION 

The  carrying  capacity  of  the  veld  is  normally  10  to  20  acres  per 
head  per  year  in  the  principal  cattle-grazing  areas  of  the  Union. 
However,  there  is  a  conspicuous  lack  of  uniformity.  In  some  dis- 
tricts less  than  10  acres  per  head  are  required,  while  in  areas  of 
inferior  soil  or  rainfall  more  than  20  acres  per  head  per  year  are 
required.  The  carrying  capacity  of  the  veld  depends  upon  the 
character  of  the  covering  of  grass.  The  sweet  grasses,  chiefly  Buffel- 
gras,  Kalkgras  (Eragrostis  truncata),  and  Krulgras  (Brachiaria 
nigropedata)  have  the  advantage  of  being  both  palatable  and  nutri- 
tious during  the  dry  winter  months  when  the  sour  grasses  are  un- 
palatable and  lacking  in  nutritive  value.  The  mineral  deficiency  in 
sour  grasses  in  the  winter  months  is  chiefly  responsible  for  their  lack 
of  nutritive  value.  But  as  the  sour  grasses  during  the  summer 
months  are  earlier,  more  abundant,  less  washy,  and  more  drought- 
resistant  than  the  sweet  grasses,  they  have  a  definite  place  in  the 
grazing  program.  There  are  a  few  edible  trees  and  shrubs  which 
also  contribute  to  the  carrying  capacity  of  certain  areas. 

The  cattle  ranches  are  often  divided  into  camps  or  fields  with 
reference  to  the  different  kinds  of  sweet  grasses  and  sour  grasses 
that  occur  on  their  different  parts,  due  consideration  having  been 
given  to  the  access  to  water.  The  problem  of  locating  the  boundaries 
of  camps  or  grazing  areas  is  simplified  if  wells  are  drilled  to  pro- 
vide water  where  it  is  wanted,  without  reference  to  the  streams. 

Ranchers  estimate  that  at  the  beginning  of  the  summer  rainy 
season  the  weaners  usually  weigh  about  400  pounds,  a  year  later 
000  to  TOO  pounds,  2  years  later  800  to  900  pounds,  and  3  years  later, 
as  "long  threes",  900  to  1,100  pounds.  This  estimate  is  substan- 
tiated by  the  experimental  evidence  recently  gathered  at  Mess  inn 
in  northern  Transvaal  near  the  Rhodesian  border.  Figure  30  shows 
the  rate  of  growth  for  five  lots  of  grade  calves  of  different  breeds. 
This  experiment,  based  on  weights  of  52  calves  dropped  in  April  or 
May  1929,  is  illuminating.  It  shows  (1)  that  the  loss  in  weight 
of  young  cattle  during  the  dry  winter  months  is  negligible,  (2)  that 
the  cattle  can  be  brought  to  weigh  around  1,100  pounds  as  long 
threes,  and  (3)  that  the  logical  time  to  expect  grass-fed  cattle  to  be 
marketed  from  the  Transvaal  is  from  June  to  September.  These 
cattle  were  raised  entirely  on  pasture  without  any  supplementary 
feeding.  The  quality  of  the  grazing  had  been  below  average  dur- 
ing this  period  owing  to  drought  and  quarantine  restrictions  along 
the  Rhodesian  border.  These  results  may  be  taken  as  typical  of 
what  may  be  expected  in  northern  and  western  Transvaal  and  in 
the  Bechuanaland  districts  of  northern  Cape  Province,  which  are 
important  cattle-producing  areas. 

96389°— 35 6 
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A  visit  to  a  typical  cattle  ranch  reveals  interesting  details  of 
ranch  management  in  north-central  Transvaal.  The  soil  is  partly 
a  red  sandy  loam  and  partly  an  unusual  black  turf  which  is  ex- 
tremely light  and  fluffy  when  dry  but  very  sticky  when  wet.  Cattle 
ranching  is  supplemented  by  the  growing  of  corn,  peanuts,  and 
manna  (millet).  Rainfall  averages  only  20  to  25  inches  per  year, 
and  practically  all  of  this  comes  during  the  summer  months,  Octo- 
ber to  March.  The  rainfall  is  erratic,  and  both  crop  production  and 
grazing  are  subject  to  serious  droughts. 

The  23,000-acre  ranch  carries  2,300  head  of  Hereford  cattle  graded 
up  from  native  stock — 800  cows,  500  calves,  and  1,000  head  of  1-year- 
olds,  2-year-olds,  and  3-year-olds  (fig.  31).  From  300  to  400  head 
are  sold  per  year,  weighing  perhaps  1,200  pounds  and  bringing  at 
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figure  30.— growth  curve  of  first-cross  calves   from   native  cows, 
Messina  Experiment  Station,  1929-32. 

Calves   weighing  400   pounds   at   6   months   of  age   weighed   1,050   pounds  at   36   months 

of  age. 

1932  prices  about  £5  ($24)  per  head.  In  addition  there  are  about 
700  cattle  owned  by  the  75  or  more  native  families  who  work  on  the 
ranch.  There  are  two  outlying  pieces  of  land,  consisting  of  about 
14,000  acres,  which  are  kept  in  reserve,  so  that  the  ranch  is  stocked 
at  the  rate  of  about  8  head  of  cattle  per  100  acres,  as  compared  with 
an  average  of  5  to  7  head  in  the  district  as  a  whole.  The  investment 
represents  the  purchase  of  land  at  about  $1.25  per  acre  and  the 
investment  of  almost  as  much  more  for  about  100  miles  of  fencing 
and  14  drilled  wells  150  to  200  feet  deep.  The  ranch  is  fenced  into 
13  camps,  and  by  further  fencing  the  number  of  camps  will  be  dou- 
bled to  permit  controlled  grazing,  to  prevent  overgrazing,  and  to 
allow  denuded  areas  to  reseed.  Death  losses  from  contagious  abor- 
tion, paratyphoid,  and  drought  have  been  rather  heavy  on  this 
ranch.  The  cattle  have  to  be  dipped  weekly,  except  at  calving  time 
or  at  the  end  of  winter,  in  order  to  keep  ticks  under  control.    The 
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area  is  suitable  for  the  raising  and  fattening  of  cattle  for  the  chilled- 
beef  export  trade  recently  inaugurated.  The  ranch  produces  400 
acres  of  corn,  120  acres  of  peanuts,  and  about  200  acres  of  cowpeas, 
millet,  and  Sudan  grass.  Part  of  the  corn  is  fed  as  silage.  In  1932 
these  crops  were  almost  complete  failures  on  account  of  drought,  the 
worst  drought  on  record  in  this  area.  Even  in  good  years  prac- 
tically no  hay  is  saved  on  this  farm,  although  during  the  midsummer 
months  the  grass  grows  more  rapidly  than  the  cattle  can  use  it. 
Mowing  would  be  difficult  on  account  of  the  scattered  thorn  bush 
which  covers  this  area.  Nevertheless  it  is  planned  to  clear  away 
scattered  thorn  trees  on  low-lying  "  vleis  "  and  mow  the  grass  for 
the  purpose  of  saving  hay  and  improving  the  value  of  the  grazing 


Figube  31. — Grade  Hereford  cattle  on  a  23,000-acre  ranch  in  northern  Transvaal. 

after  mowing.  Under  present  methods  it  is  necessary  to  burn  the 
tall,  dead  grass  at  the  end  of  winter  to  provide  early  grazing  and 
to  check  the  spread  of  small  thorn  bushes. 

The  cattle  are  in  the  best  condition  for  market  at  the  end  of  the 
rainy  summer  season,  but  the  best  prices  are  to  be  obtained  (just  as 
in  the  United  States)  at  the  end  of  the  winter  season,  when  grass-fat 
cattle  are  scarce.  Animal  husbandrymen,  therefore,  recommend  that 
hay,  silage,  kafir,  and  corn  be  used  in  moderation  during  the  winter 
months  in  order  that  the  cattle  may  be  sold  in  good  condition  at  the 
end  of  the  winter  months,  when  prices  are  best.  The  corn  belt, 
where  feeding  operations  might  be  carried  on,  extends  100  miles  east 
and  west  of  Johannesburg  and  southward  to  form  a  triangle  with  its 
point  in  the  center  of  Orange  Free  State.  The  area  in  which  kafir, 
hay,  and  silage  crops  might  be  similarly  used  includes  the  same 
area  but  extends  northward.  There  is  also  a  secondary  corn  belt  in 
Natal  Province  in  which  cattle  might  also  be  fed  for  the  late-winter 
market.  The  limiting  factor  in  the  rapid  extension  of  better  feed- 
ing is  the  narrow  spread  between  the  inferior  and  the  better  grades 
of  cattle. 
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The  pastoral  future  of  the  Union  of  South  Africa  is  largely  de- 
pendent on  technical  factors,  rate  of  growth,  and  costs.  In  the 
Transvaal,  for  instance,  the  ability  to  produce  1,000  pounds  of  beef 
within  3  years  on  land  that  carries  4  or  5  head  per  100  acres  and 
is  worth  only  $2.50  per  acre  suggests  permanency  and  expansion  in 
the  cattle  industry  (figs.  32  and  33). 

COSTS  OF  PRODUCTION 

It  is  generally  considered  that  the  maximum  charge  which  could 
be  made  with  profit  for  grazing  cattle  in  the  Transvaal  is  $1.25 
per  head  per  year.  From  this  it  is  calculated  that  for  the  land 
necessary  to  carry  one  animal  no  more  than  $15  to  $20  can  be  paid, 
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-Prize-winning  Africander  cow,  a  hardy  and  popular  breed  in  South  Africa. 


so  that  if  15  acres  per  head  are  necessary,  no  more  than  $1.25  per 
acre  could  be  paid  for  the  land.  Much  cattle-ranching  land  in  the 
northern  Transvaal  has  been  bought  at  prices  higher  than  this, 
partly  because  of  mineral  possibilities  and  partly  because  of  the  pos- 
sibility of  producing  cotton,  tobacco,  or  corn,  either  with  or  without 
irrigation,  on  some  of  the  best  lands  of  these  estates. 

Estimates  of  cattle-production  costs  in  the  Union  of  South  Africa 
have  been  made  by  the  Division  of  Economics  and  Markets  of  the 
Union  Department  of  Agriculture  (table  34).  The  figures  are  based 
upon  an  investigation  of  livestock  farming  in  northern  Transvaal. 
They  show  that  the  cost  of  producing  a  3-year-old  animal  on  the 
high  veld  is  $16.95  (conversion  at  par  of  exchange)  as  compared 
with  $9.70  in  the  low  veld,  where  grain  for  finishing  cannot  be 
grown.  This  assumes  that  the  cows  are  milked  and  that  the  value 
of  milk  and  cream  is  $6.08  at  par  or  $4.87  per  cow  per  year.     If  these 
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credits  were  omitted  the  steer  costs  would  be  increased  to  $27.09  and 
$19.06,  respectively.  Grazing  is  the  chief  cost,  of  course.  With  land 
valued  at  $14.60  and  $2.43,  respectively,  it  represents  69  percent  and 
54  percent,  respectively,  of  the  total  costs  of  production.  Hence  the 
value  placed  on  the  land  is  the  chief  variable  in  production  costs. 
Declining  prices  for  beef  would  be  met  with  lower  values  placed  on 
the  land. 

The  cost  of  fattening  for  2  months  on  the  high-veld  ranches  is 
$12.52  in  addition,  making  the  total  cost  $29.47,  which  is  approxi- 
mately the  same  cost  as  it  would  be  if  the  cattle  breeder  bought  his 
feeders  from  the  low  veld  at  $18,  including  transportation  costs  to 
the  farm. 


Figure  33. — A  prize-winning   Sussex  bull   used  for   improvinj 

African  cattle. 


the   quality  of   the   South 


COSTS  OF  MARKETING 


The  expansion  of  the  cattle  industry  in  the  Union  depends  upon 
the  possibility  of  developing  an  overseas  market  for  the  additional 
supplies  since  the  Union  can  consume  only  slightly  more  than  500,- 
000  head  per  year.  This  calls  for  an  analysis  of  the  cost  of  export- 
ing the  most  promising  product — chilled  beef.  The  following  tabu- 
lation shows  that  in  1932,  when  English  currency  was  depreciated 
25  percent  below  South  African,  it  cost  $20.77  (conversion  at  par) 
to  market  a  700-pound  carcass  from  the  farm  to  the  Smithfield,  Eng- 
land, merchant;  that  is,  3  cents  per  pound  of  beef.  The  net  cost, 
after  deducting  credit  for  hide  and  offal,  was  $17.13  or  2.45  cents 
per  pound.  On  this  basis  the  northern  Transvaal  rancher  must 
realize  $47.55  (6.8  cents  per  pound)  in  England  (conversions  all  at 
par)  in  order  to  cover  cost  of  production. 
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Table  34. — Cost  of  production  of  a  3-year-old  beef  animal  in  2  areas  of  the 
northern  Transvaal.  1932 


Item 

High  veld,  grazing 
and  grain 

Low  veld,  grazing 
only 

Per  head 

Total 

Per  head 

Total 

Original  investment: 

Dollars 
29.20 
97.33 

Dollars 

1, 459. 80 

97.33 

i  2, 977.  99 

36.49 

60.83 

Dollars 
24.33 
97.33 

Dollars 
1,216  50 

lbull 

97  33 

2  1,240.83 

31.63 

Working  capital... 

46.23 

Total 

4,  632.  44 

2,  632.  52 

Cost  of  cows  and  bull,  1  year: 

Risk  and  depreciation  .        ........ .        

119.  72 
84.79 
67.16 

231.  62 

98.29 

Labor ...  .  .._«. 

73.00 

Feed,  dip,  medicine,  etc       ...    .    .. 

35.04 

Interest  at  5  percent.. . .    

131.63 

Total 

503.29 
304.  14 

337.  96 

Credit  for  milk  and  cream... ... 

243.  31 

Net  cost .      -.      ... 

199. 15 

94.65 

First-year  cost  of  calves: « 

Labor ...  .. ...  ...  . 

7.79 

5.84 

<23.36 

7.30 

Running  expenses  .     .  ... .     . 

5.48 

Grazing  land  at  5  percent ..... 

»  7.30 



Total 

36.99 

20.08 

Second-year  cost  of  young  cattle: « 

Labor .  .     ....     ..      ... 

7.55 

7.55 

i  90.  51 

20.74 

6.82 

Running  expenses .... 

6.82 

Grazing  land  at  5  percent _. 

2  34.06 

Interest  on  remaining  number     ... 

17.03 

Total 

126.  35 

64.73 

Third-year  cost  of  young  cattle: 7 

Labor ..        ..     .... 

7.30 

14.60 

1  87.  59 

36.52 

6.33 

Running  expenses  . ..  ..    ..  

6.33 

Grazing  land  at  5  percent 

a  31.  63 

Interest  on  remaining  number.         ...    

28.47 

Total... 

146.  01 

72.76 

Total  cost  of  3-year-old  cattle  7 . . 

16.95 

508.  50 

9.70 

252.22 

Cost  of  60-day  fattening: 

7.65 

2.20 

2.19 

.24 

.24 

Labor 

Total..   

12.52 

Cost  including  fattening 

29.47 

'8.5  acres  per  head  at  $14.60  per  acre. 

221.16  acres  per  head  at  $2.43  per  acre. 

3  Basis  of  32  calves  saved  in  the  high  veld  and  30  calves  saved  in  the  low  veld. 

*68  acres  at  $14.60  per  acre;  2.12  acres  per  head  at  $14.60  per  acre. 

*127  acres  at  $2.43  per  acre:  4.23  acres  per  head  at  $2.43  per  acre. 

6 Basis  of  31  head  remainingin  the  high  veld  and  28  head  remaining  in  the  low  veld. 

7  Basis  of  30  head  remaining  in  the  high  veld  and  26  head  remaining  in  the  low  veld. 

Farming  in  South  Africa,  August  1932*  values  converted  at  par  of  exchange. 
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COST  OF  MARKETING  CHILLED  BEEF  TO  ENGLAND,   PER   700-POUND  CARCASS.    1932 

Cost  in  the  Union  (conversion  at  par)  : 

Railway  charges  for  live  animal,  Pietersburg  to  Johannesburg  at 
half  rate $1.  26 

Slaughtering  charges  at  Johannesburg  (fees,  slaughtering,  chilling, 
and    loading   charges) 4.05 

Railway  charges  of  meat  to  Capetown  at  73  cents  per  100  pounds, 
not  including  ice  costing  $6.08  per  2,000  pounds 5. 11 

Total 10.42 

Cost  overseas  (gold  at  25-percent  exchange)  : 

Freight  at  iy8  cents  per  pound  plus  10-percent  surcharge 6.  57 

Insurance  at  $1.82  per  f  100  value .  18 

Shrinkage,  1  percent .  53 

Dock  dues,  cartage,  pitching,  and  toll  at  0.36  cent  per  pound 1.  72 

Brokerage  at  2  percent 1.  05 

Interest  for  1  month  at  7  percent .  30 

Total 10.35 

Grand  total 20.  77 

The  Johannesburg  municipal  abattoir  offered,  in  1932,  to  slaughter, 
chill,  and  handle  beef  on  behalf  of  the  producers  who  might  wish 
to  export  on  their  own  behalf.  Such  charges  per  head  (conversions 
at  par)  are  as  follows : 

8.     d.  Dollars 
Abattoir  entrance  fee  (subject  to  the  rebate  of  1  shilling  (24 

cents)  per  head  for  all  cattle  actually  exported) 2    6  (0.61) 

Lairage  per  day  after  first  24  hours 6  (0.12) 

Inspection   fee 8  (0.16) 

Chilling  for  6  days  (reduced  one-half  for  3  days) 6    0  (1.45) 

Slaughtering 5    0  (1.22) 

Handling,  quartering,  loading 2    0  (0.49) 

Total  charges  at  Johannesburg 16    8     (4.05) 

Hides,  offal,  and  condemned  meat  to  be  sold  for  the  producer  at  4-percent 
commission. 

The  net  prices  c.  i.  f .  Southampton  realized  by  the  Imperial  Cold 
Storage  &  Supply  Co.  for  an  equal  number  of  fores  and  hinds  in 
one  of  its  first  shipments  in  1932  shed  additional  light  on  the  ques- 
tion of  chilled-beef  costs  and  returns : 

Dollars, 
Returns:  converted  at  par 

Chilled'  beef  per  100  pounds 8.  79 

Less  exchange  23  percent 2.02 


Gross  after  exchange. 


i  i 


Cost: 

Freight 1.  39 

Shrinkage  1  percent .09 

Insurance .  03 

Brokerage  2  percent .  18 

Interest  1  month .05 

Total   charges 1.  74 

Less  23  percent .40 

Net   charges 1.  34 
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Dollars, 
Cost — Continued.  converted  at  par 

Net  proceeds  per  100  pounds 5.43 

Add  credit  hides  and  offal ]  69 

Total  proceeds 0. 12 

Less  preparation  charges  %  penny  per  pound , 1.01 

Balance  per  100  pounds 5.  n 

To  this  figure  must  be  added  the  amount  of  the  export  subsidy 
which  is.  20  to  35  percent  of  the  f.  a.  s.  (free  alongside  ship)  value 
of  the  beef  and  10  percent  export  subsidy  on  the  f .  a.  s.  value  of  the 
hides.  The  balance  including  the  export  subsidy  would  be  25  shil- 
lings to  28  shillings  ($6.08  to  $6.81)  per  100  pounds. 

In  1932  when  chilled-beef  exports  were  inaugurated,  English 
prices,  on  account  of  the  foreign-exchange  loss  of  about  25  percent, 
were  not  high  enough  to  net  Johannesburg  prices  to  producers.  The 
Government,  therefore,  established  a  system  of  export  subsidies 
which  were  only  slightly  reduced  after  South  African  currency  de- 
preciated in  1933  to  parity  with  English  sterling.  In  1932  the  sub- 
sidy rate  was  on  a  sliding  scale  varying  from  25  to  35,  percent  by 
steps  of  one-half  or  three-fourths  percent  in  the  ratio  that  the  f .  a.  s. 
value  varied  by  steps  of  6.1  cents  from  the  $6.06  minimum  to  the  $7 
level.  Thus,  the  subsidy  varied  from  $1.52  to  $2.45  per  100  pounds. 
The  net  result  in  1932  was  that  chilled-beef  exports  netted  producers 
about  as  much  as  Johannesburg  prices,  but  neither  was  quite  equal 
to  estimated  costs  of  production.  In  1933,  however,  with  foreign- 
exchange  losses  stopped  and  subsidy  payments  continued,  the  returns 
were  favorable  to  producers  even  though  overseas  prices  had  de- 
clined. The  first  800  cattle  exported  as  chilled  beef  netted  producers 
about  £10  per  head. 

If  and  when  currency  disparities  and  subsidies  are  both  eliminated, 
the  Smithfield  prices  must  be  3  or  3%  cents  per  pound  higher  than 
Johannesburg  prices  to  make  the  exporting  of  chilled  beef  attractive. 

The  Cattle  Breeders  and  Feeders'  Association  made  almost 
monthly  shipments  of  chilled  beef  during  1932  and  1933.  Its  October 
1932  shipment  of  chilled  beef  consisted  of  239  hinds  and  an  equal 
number  of  fores.  The  hinds  averaged  170  pounds  in  weight  and  6.02 
pence  in  price  per  pound.  The  fores  averaged  161  pounds  in  weight 
and  3.48  pence  in  price  per  pound,  English  sterling.  The  loss  on  for- 
eign exchange  was  30^  percent  of  the  net  overseas  returns  and  the 
South  African  export  subsidy  was  35  percent  of  the  f .  a.  s.  value  of  28 
shilling  9  pence  ($7)  per  100  pounds.  In  actual  amount  these  two 
items  were  almost  exactly  equal.  The  local  charges  for  railage, 
abattoir,  killing,  and  chilling  and  for  ice,  salt,  railage  of  meat,  and 
wharfage  were  £2  9  shillings  5  pence  ($12.02)  per  head.  The 
net  return  on  farm  per  100  pounds,  dressed  weight  basis,  was  28  shil- 
lings 7  pence  ($6.96)  South  African  currency,  of  which  35  percent 
was  export  subsidy.  The  average  dressed  weight  per  animal  was  644 
pounds  and  the  net  return  per  animal  £9  9  shillings  9  pence 
($46.17).  At  the  time  these  cattle  were  sold  overseas  prime  cattle 
were  bringing  27  to  29  shillings  6  pence  ($6.57  to  $7.18)  per  100 
pounds  dressed  weight  basis  on  the  Johannesburg  market.  The  price 
on  the  farm  was  2  or  3  shillings  (49  or  73  cents)  less  than  this. 
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A  detailed  itemization  of  costs  and  returns  in  1932  was  prepared 
by  the  Division  of  Economics  and  Markets  of  the  South  African 
Department  of  Agriculture.  The  net  return  from  this  experimental 
shipment  was  3.176  pence  (6.44  cents)  per  pound.  The  average 
dressed  weight  per  animal  was  713  pounds,  which  returned  £9 
8  shillings  4  pence  ($45.83)  on  the  farm. 

EXPERIMENTAL   SHIPMENT  BY  CATTLE  BREEDERS'   AND  FEEDERS'    ASSOCIATION 

Gross   return :  £       9.     (J- 

83  hinds  15,334  pounds  at  5.820  pence  per  pound 371  16     6 

83  fores  14,250  pounds  at  2.045  pence  per  pound 157     2     7 

Total  return 528  19    1 

Overseas  charges : 

Freight 76  19  1 

Cartage 6  18  5 

Market    dues 3  18  3 

Printing  cards 17  8 

Photographs 3     8  10 

Commission,   3   percent 15  17  4 

Total  overseas  charges 107  19     7 

Net  return  overseas 420  19     6 

Less  exchange,  28  percent 117  17     5 

Net  return  overseas    (South  African  currency) 303     2     1 

4iy2  hides  and  oft'al  at  £1  each  Bold   locally 41  10     0 

Total  returns 344  12     1 

Local  charges : 

Railage    live   animals   at    half    rate 8     9  6 

Abbatoir    charges 5  13  6 

Slaughtering    and    loading 16  16  3 

Cold    storage 13    0  9 

Wrappers    and    ice 16     2  0 

Railage  on  meat 43    1  2 

Total  local  charges 103     3     2 

Net  return  on  farm   (without  subsidy) 241     8  11 

Add  subsidy  (35  percent  on  f.  a.  s.  value  28  shillings  9  pence  per 

100    pounds) 150     3    9 

Net  return  on  farni 391  12    8 

Returns  and  charges  per  pound  :  Pence 

Gross  return 4.  291 

Overseas  charges : . .  876 

Net  return  overseas 3.415 

Less  exchange .  956 

Net    return    overseas    (South    African    currency) 2.459 

Add  value  hide  and  offal .  336 

2.  795 
Local    charges .  837 

Net  return    (without  subsidy) 1.958 

Add  subsidy 1.  218 

Net  return  on  farm 3. 176 
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The  value  of  the  subsidy  is  paramount  in  maintaining  chilled-beef 
exports  at  prices  as  low  as  those  in  England  in  1933. 

The  Imperial  Cold  Storage  &  Supply  Co.  in  a  recent  court  case 
claimed  a  10-percent  subsidy  on  the  value  of  the  cattle  in  the  open 
market  at  the  ports  of  shipment.  The  Government  claimed  that  the 
subsidy  must  be  calculated  on  the  values  to  the  exporter,  which,  in 
this  case,  proved  to  be  only  half  the  value  on  local  markets.  In  the 
case  of  low  overseas  prices  this  point  is  likely  to  affect  the  attractive- 
ness of  export  consignments. 

GOVERNMENT  AIDS 

The  Meat  Trade  Control  Act  (Act  No.  29  of  1932),  to  regulate 
supplies  and  prices  on  Union  markets,  was  only  a  temporary  measure 
to  serve  until  a  more  comprehensive  livestock  and  meat  industry 
control  act  could  be  enacted  in  1934. 

The  new  legislation  contains  three  essential  features:  (1)  The 
elimination  of  scrub  bulls ;  (2)  the  correction  of  local  marketing  de- 
fects; and  (3)  a  livestock  levy  for  paying  additional  subsidies  on 
overseas  exports  of  livestock  and  meat. 

With  reference  to  the  elimination  of  scrub  bulls,  it  is  provided  that 
25  cattle  farmers  in  any  district  shall  request  the  local  magistrate  to 
convene  a  public  meeting  of  cattle  farmers,  and,  if  a  majority  at  such 
a  meeting  vote  in  the  affirmative,  it  may  be  made  illegal  to  maintain 
any  bulls  over  12  months  of  age  in  the  area  which  are  not  approved 
and  branded  or  marked  by  a  Government  inspector,  from  12  to  18 
months  being  allowed  to  effect  the  change.  A  cattle  farmer  is  de- 
fined as  an  owner  or  lessee  of  a  farm  on  which  there  are  at  least  30 
head  of  cattle,  of  which  at  least  15  are  breeding  stock. 

With  respect  to  local  selling  methods,  the  act  provides  that  (1) 
the  Government  may  require  that  cattle  sold  at  certain  markets  must 
be  sold  on  a  weight  basis  instead  of  per  head ;  (2)  Government  money 
may  be  loaned  to  cooperative  associations  or  expended  directly  for 
constructing  cold-storage  facilities  or  meat  extract  or  canning  fac- 
tories; (3)  certain  meat  shall  be  graded;  and  (4)  certain  condemned 
practices  of  buyers  and  butchers  of  livestock  shall  be  illegal;  for 
instance,  collusion  in  price-fixing  or  refusal  to  trade  on  customary 
terms.  The  control  of  local  livestock  supplies  as  provided  in  the 
Meat  Trade  Control  Act  of  1932  was  reenacted. 

With  respect  to  the  export  levy,  a  levy  of  2  shillings  per  head 
has  been  made  since  August  15,  1934,  on  all  cattle  slaughtered  at 
abittoirs  or  recognized  slaughter  poles,  with  levies  of  6  pence  for 
calves  under  6  months  old,  and  3  pence  for  sheep  and  for  goats. 
The  cattle  funds  are  to  be  used  for  paying  bounties  (varying  accord- 
ing to  grade)  on  cattle  or  beef  exports,  and  the  sheep  and  goat  funds 
are  to  be  used  for  paying  export  subsidies  on  sheep  or  mutton.  A 
levy  of  2  shillings  (49  cents)  per  head  will  provide  over  £50,000 
($243,000)  for  export  subsidies  on  cattle,  and  since  the  number  of 
cattle  now  exported  overseas  in  the  form  of  meat  is  only  40,000  to 
50,000  head,  it  is  apparent  that  a  subsidy  fund  of  this  size  should 
be  moderately  effective  until  exports  have  increased  to  100,000  to 
150,000  head  of  cattle  per  year. 
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A  board  of  11  members  has  been  appointed  to  administer  these 
provisions.  They  represent  various  groups :  Producers  of  livestock, 
4 ;  of  pedigree  stock,  1 ;  of  meat  exporters,  1 ;  of  butchers,  1 ;  of  auc- 
tioneers, 1 ;  of  municipal  authorities,  1 ;  of  the  chamber  of  commerce, 
1;  and  the  Secretary  for  Agriculture.  The  Director  of  Native 
Agriculture  serves  ex-officio. 

Under  the  terms  of  the  agreement  reached  at  the  Imperial  Eco- 
nomic Conference  at  Ottawa  in  1932  (for  the  consideration  of  prefer- 
ential tariffs  within  the  British  Empire),  the  British  Government 
has  undertaken  to  consider  a  scheme  for  the  quantitative  regulation 
of  imports  of  mutton,  lamb,  and  chilled  beef,  and  provision  will  be 
made  for  the  importation  of  these  commodities  from  South  Africa. 
Chilled  beef  is  not  expressly  mentioned  in  the  agreement  but  is  in- 
cluded by  an  exchange  of  notes  in  accordance  with  which  the  United 
Kingdom  Government  undertakes  to  encourage  the  marketing  of 
South  African  beef  in  Great  Britain.  The  Minister  of  Finance  ex- 
presses the  belief  that  the  quantitative  regulation  of  these  imports 
into  the  United  Kingdom  must  necessarily  reflect  favorably  on  price 
levels  of  this  commodity  in  South  Africa  and  that  a  substantial  meat 
trade  with  Great  Britain  will  be  built  up. 

Under  the  Ottawa  agreement  Great  Britain  undertook  to  curtail 
foreign  imports  of  mutton,  lamb,  and  frozen  beef  10  percent  during 
the  quarter  ended  March  31,  1933,  and  by  additional  quantities  reach- 
ing 35  percent  curtailment  during  the  quarter  ended  June  30,  1934. 
Imports  of  foreign  chilled  beef  were  to  be  limited  to  the  quantities 
imported  in  1931-32.  In  putting  these  agreements  into  operation, 
meat  from  the  Union  of  South  Africa  could  be  admitted  and,  in 
addition,  the  marketing  of  chilled  beef  from  the  Union  was 
encouraged. 

The  Government  of  Northern  Rhodesia  in  June  1932  prohibited 
the  importation  of  meat  ,from  animals  below  a  certain  weight.  This 
has  the  effect  of  helping  Northern  Rhodesia  greatly  and  injuring 
South  Africa  slightly  in  the  marketing  of  cattle.  The  South  African 
Government  published  the  following  notice : 

It  is  hereby  notified  for  general  information  that  in  terms  of  Article  VII  of 
the  Customs  Agreement  between  the  Government  of  the  Union  of  South  Africa 
and  the  Government  of  Northern  Rhodesia,  the  latter  Government  has  decided 
to  prohibit  the  importation  into  Northern  Rhodesia  of  meat  from  animals 
which,  at  the  point  of  despatch,  are  below  the  weight  of  1,050  lb.  in  the  case 
of  an  ox,  and  of  790  lb.  in  the  case  of  a  cow. 

In  order  to  permit  of  meat  which  complies  with  the  above  requirements  being 
exported  to  that  territory,  it  is  necessary  for  the  consignor  to  obtain  a  certificate 
from  the  Department  of  Agriculture  to  the  effect  that  the  animals  were  above 
the  above  limit  weights. 

No  definite  scheme  has  as  yet  been  worked  out  as  to  the  procedure  to  be 
adopted  for  the  issue  of  the  necessary  certificates,  but  in  the  meantime  persons 
who  contemplate  exporting  meat  or  cattle  to  Northern  Rhodesia  should  give 
timely  notice  thereof  to  this  Department,  when  steps  will  be  considered  to  have 
the  certificates  issued  to  them. 

EXPORTS 

In  connection  with  the  Union's  increasing  interest  in  the  question 
of  exporting  chilled  beef  and  live  cattle,  it  must  be  observed  that  the 
Union  of  South  Africa  has  exported  large  quantities  of  frozen  beef 
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since  1915.  Prior  to  that  time  the  Union  was  a  large  importer  of 
beef.  The  high  point  in  exports  was  reached  in  1917,  during  the 
World  War,  when  50,000,000  pounds  of  beef  were  exported.  After 
the  World  War  exports  dropped  as  low  as  1,500,000  pounds  in  1923. 
Since  1925  the  annual  exports  have  ranged  between  15,000,000  and 
35,000,000  pounds  (table  35).  In  1932  exports  of  16,291,713  pounds 
were  less  than  those  during  the  3  preceding  years,  probably  because 
Rhodesian  cattle  could  not  be  shipped  to  the  Union  for  slaughter  on 
account  of  the  outbreak  of  foot-and-mouth  disease.  Most  of  the 
beef  exported  was  on  contract  to  supply  the  Italian  Army  (table  36). 
It  represented  a  low-quality  beef  from  inferior  cattle.  It  is  safe  to 
estimate  that  this  quantity  of  beef  represented  30,000  to  35,000  cattle. 
In  addition  about  300,000  pounds  of  fresh  meat  of  all  kinds  were 
exported  to  Northern  Rhodesia  (chiefly),  Southern  Rhodesia,  and 
South-West  Africa  in  1932  as  against  about  500,000  pounds  in  1931 
and  only  35,000  pounds  in  1930. 

Table  35. — Beef:  Imports  and  exports,  overseas  trade,  Union  of  South  Africa, 

J  910  to  1933 


Imports 

Exports  of  South  African  produce  i 

Year 

Weight 

Declared  value  2 

Weight 

Declared  value  2 

Total 

Per  100 
pounds 

Total 

Per  100 
pounds 

1910        

Pounds 

2, 989, 044 

8, 092, 316 

9, 023,  705 

8,  949,  753 

737, 950 

16,957 

6,969 

5,680 

Dollars 

148,  671 

359, 967 

429,  590 

391, 791 

53,  331 

1,776 

676 

691 

Dollars 
4.97 
4.45 
4.76 
4.38 
7.23 
10.47 
9.70 
12.17 

Pounds 

5,027 

229, 498 

296, 834 

121,264 

463,  767 

5, 971, 727 

19,260,612 

49,997,410 

21,135,367 

46. 363, 180 

14, 435, 455 

3,  395, 005 

1,  740,  860 

1, 534,  853 

9,  601,  043 

3  22,  747,  597 

3  34,971,804 

3  14, 467, 124 

3  17,  788, 919 

3  25, 950, 392 

3  30, 582, 101 

3  22,  240, 106 

3  16,291,713 

3  23, 477,  595 

Dollars 

All 

23, 571 

32, 743 

15,381 

48,  850 

516,341 

1, 911,  521 

5, 410, 768 

2,  637,  863 

5,  538,  832 

1,  788,  610 

449, 944 

169,  789 

132,  209 

578,  889 

3  1,  363, 998 

3  2,  059, 914 

3  941, 926 

3  1.170,307 

3  1, 482, 456 

3  1,  679,  704 

3  1, 188,  212 

3  798.  257 

3  1, 334,  081 

Dollars 
9.49 

1911     

10.27 

1912                                  

11.03 

1913 

1914 

1915     

12.68 
10.53 

8.  65 

1916 

9.92 

1917 

10.82 

1918            .--       .       ---     

12.48 

1919 

11.95 

1920     

83,  862 
9,033 
5,520 
5,748 

5,445 
861 
360 

881 

6.49 
9.53 
6.52 
15.  33 

12.39 

1921 

1922 

13.25 
9.75 

1923 

8.61 

1924     .              -.---.   

6.03 

1925                              

3,540 
18,042 

832 

2,817 

23.50 
15.61 

6.00 

1926        

5.89 

1927 

6.51 

1928 

1,500 

195 

13.00 

6.58 

1929                              . 

5.72 

1930 

5.49 

1931     

2,732 

243 

8.89 

5.34 

1932 

4.90 

1933                           ..     

5.68 

i  Exports  include  ship's  stores,  hut  not  exports  to  South-West  Africa,  Northern  Rhodesia,  and  Southern 
Rhodesia. 

2  Converted  at  par,  although  South  Africa  was  off  the  gold  standard  after  the  World  War;  late  1920  to 
May  1925.  The  discount  of  South  African  currency  during  that  period  was  usually  the  same  as  that  for 
English  currency,  but  varied  for  a  short  period  from  5-percent  premium  to  8-percent  discount  against 
English  currency. 

3  Including  beef  of  Rhodesian  and  South-West  African  cattle  slaughtered  in  the  Union:  1925  to  1930, 
millions  of  pounds  weight,  1,  28,  11,  16,  13,  and  9,  respectively. 

Union  of  South  Africa  Official  Year  Book  (47,  no.  12,  p.  884),  Trade  and  Shipping,  1931  (46). 


Exports  of  live  cattle  from  the  Union  have  been  insignificant.  The 
number  of  cattle  for  slaughter  exported  by  water  during  1929,  1930, 
1931,  and  1932,  was  0,  98,  0,  and  1,006,  respectively;  cows  and  calves 
82,  165,  161,  and  46;  bulls  63,  39,  63,  and  16,  respectively.    These  in- 


AGRICULTURE    IX    SOUTHERN    AFRICA 


93 


significant  exports  were  chiefly  to  nearby  South  African  countries. 
The  1931  exports  included  29  head  of  cows  and  calves  of  Afrikander 
breed  shipped  to  the  United  States.  In  addition,  exports  for  slaugh- 
ter to  Northern  Rhodesia  (chiefly).  Southern  Rhodesia,  and  South- 
West  Africa  in  1930, 1931,  and  1932  were  7.217,  9,805,  and  6,391  head, 
respectively,  and  exports  of  other  live  cattle  to  these  destinations 
1,690,  722,  and  1,051  head,  respectively. 


Table  36. 


-Meat,  fresh  or  frozen:  Quantity  exported  oversea.* 
of  South  Africa  to  specified  destinations 


from  the  Union 


Beef  and  veal 

Mutton 

1930        1931 

1932 

1930 

1931 

1932 

Destination 

Quan- 
tity 

Quan- 
tity 

Quan- 
tity 

Value 

Quan- 
tity 

Quan- 
tity 

Quan- 
tity 

Value 

Total 

Per  100 
pounds 

Total 

Per  100 
pounds 

United  Kingdom  — 

1,000 
pounds 

3,782 
13,  769 

8,240 

1,000 
pounds 
946 
14,  8.58 
4,646 
1,070 

1,000 
pounds 
830 
14,690 

1,000 

dollars 

52 

679 

Dollars 
6.28 
4.62 

1,000 
pounds 
146 

1.000 
pounds 

1,000 
pounds 
127 

1,000 

dollars 

10 

Dodars 
8.24 

i 

215 

11 

5.20 

1          27 

3 

0) 

11. 12 

1,709 
»  2,  249 

Others  .. 

»  71 

*  141 

11 

7.80 

1 

9 

14 

2 

12.  75 

Total... 

29,749 

21,  591 

*  15, 876 

7.53 

4.74 

147 

36 

4  144 

13 

8.78 

Pork 

Poultry 

United  Kingdom 

Italy 

9 
12 

7 

21 

2 

10.10 

1 

19 

30 

8 

25 

103 
3 

0) 
1 

0) 

(') 

31 

Others     

4 

R 

(') 

6.94 

(') 

Total... 

25 

113 

26 

2 

9.52 

1 

20  I          30 

8 

25.60 

i  Less  than  500. 

2  Chiefly  to  Belgium,  Germany,  Egypt,  and  Australia. 
»  Chiefly  to  Belgium,  Zanzibar,  Mozambique,  and  Egypt. 
4  Chiefly  to  the  Netherlands  and  Germany. 

4  Exports  durins  the  first  6  months  of  1933  were  at  a  greatly  increased  rate:  Beef,  12,408,531  pounds;  mutton 
193,646  pounds. 

Union  of  South  Africa  Trade  and  Shipping. 

Exports  of  live  sheep  are  likewise  insignificant,  During  1929, 
1930,  1931,  and  1932  the  numbers  of  sheep  for  slaughter  exported  by 
water  were  3,617,  3,194,  2,110,  and  1,474,  respectively,  and  rams,  ewes, 
and  lambs  numbered  113,  237,  70,  and  108,  respectively.  To  Northern 
Rhodesia,  Southern  Rhodesia,  and  South-West  Africa  exports  of 
sheep  and  goats  were  39,785  in  1930,  29,623  in  1931,  and  18,738  in 
1932. 

Mutton  exports  are  much  less  important  than  beef  exports.  Dur- 
ing four  recent  years  mutton  exports  were  as  follows : 

Exports  overseas 
pounds 

1929 31,614 

1930 146,587 

1931 35,522 

1932 143,547 
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During  the  same  years  mutton  used  in  ship  stores  was  as  follows : 

Ship   stores 
pounds 

1929 159,848 

1930 152,095 

1931 105,391 

1932 105,630 

Mutton  exports,  if  any,  to  Northern  Rhodesia,  Southern  Rhodesia, 
and  South-West  Africa  are  grouped  with  beef  as  "  fresh  meat." 
Small  exports  are  made  each  week  to  other  nearby  African  countries. 
Most  of  the  mutton  exports  in  1930  and  1932  were  to  the  United 
Kingdom,  but  there  were  none  to  that  destination  in  1931. 

The  Italian  army  meat  contract  was  awarded  in  1932  for  the 
delivery  of  10,000  tons  of  frozen  beef.  The  stocks  of  cattle  used 
for  this  contract  are  poor  and  small  so  that  this  represents  ap- 
proximately 50,000  head.  The  contract  specified  an  extremely  low 
price,  which  allowed  the  contractor  to  pay  the  farmer  only  15  shil- 
lings ($3.65)  per  100  pounds  carcass  weight.  Even  this  low  price 
was  made  possible  only  because  of  the  export  subsidy  being  paid 
by  the  Government.     The  contract  was  not  renewed  in  1934. 

The  annual  quantity  of  beef  that  could  be  immediately  available 
for  export  as  chilled  beef  has  been  officially  estimated  at  10  000 
head  from  the  Union,  30,000  to  40,000  from  Southern  Rhodesia,  and 
7,500  from  the  protectorates.  An  agreement  has  been  reached  by 
representatives  of  these  countries  on  the  standard  of  quality  for 
chilled-beef  export,  which  is  the  same  as  the  quality  sent  overseas 
from  the  Union  in  its  experimental  shipments.  Rhodesian  cattle 
will  be  slaughtered  and  the  carcasses  inspected  in  Rhodesia,  while 
cattle  from  the  protectorates  will  be  slaughtered  and  inspected  in 
the  Union.  The  question  of  control  of  quantities  exported  was  left 
in  abevance. 

IMPORTS 

•The  Union  of  South  Africa  represents  the  principal  market  for 
cattle  shipped  from  the  surrounding  countries  including  Southern 
Rhodesia,  Bechuanaland,  South-West  Africa,  Swaziland,  and 
Basutoland  (table  37).  Cattle  imports  into  the  Union  from  these 
countries  reached  substantial  proportions  during  the  year  ended 
June  30,  1931,  despite  the  fact  that  quarantine  regulations  on  ac- 
count of  foot-and-mouth  disease  were  imposed  against  shipments 
originating  in  Rhodesia  and  portions  of  Bechuanaland  during  the 
last  few  months  of  the  fiscal  year.  The  better  grades  of  cattle  are 
marketed  in  the  Johannesburg  or  other  Union  markets,  while  the 
poorer  grades  of  cattle  are  slaughtered  and  shipped  as  fresh  meat 
(mostly  to  the  Italian  army)  or  as  canned  meat  or  meat  extract. 

BASUTOLAND,  SWAZILAND,  BECHUANALAND,  AND  SOUTH-WEST 

AFRICA 

There  are  about  2,000,000  head  of  cattle  in  Basutoland,  Swaziland, 
Bechuanaland,  and  South-West  Africa.  The  cattle  are  fairly 
equally  divided  among  the  four  regions.  Ownership  is  largely  in 
native  hands  except  in  South-West  Africa.  Trend  figures  are  not 
available  for  Swaziland,  Bechuanaland,  and  South-West  Africa.  In 
Basutoland,  which  is  bordered  by  the  principal  sheep  area  of  the 
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Union,  sheep  have  been  increasing  more  rapidly  than  cattle.  The 
principal  outlet  is  to  the  Union,  although  South-West  Africa 
slaughters  a  good  many  cattle  for  direct  export  overseas. 

Table  37. — Cattle:  Imports  into  the   Union  of  South  Africa   from  adjoining 

territories,  1930-32 


Year  and  country 

Con- 
sumption 
in  Union 

Slaughter 
and  ex- 
port 
overseas 

Breeding 

and 
working 

Total 
imports 

Principal  months 

1930 

Number 
7, 466 
9,818 
7,948 
3,143 
175 

Number 
21, 935 
11,  749 

Number 

Number 
29,  401 

i  23,  545 
*  7, 948 
I  4,  374 
11,667 

1,978 

May  to  December. 
Entire  year. 

1,231 
11,451 

41 

Total    

28,550 

33,  725 

14,660 

76,  935 

1931 

416 

9,634 

20,411 

3,523 

126 

2,629 
7,739 

<3,045 

>  19,433 

*  20,  41 1 

>  5,  182 

18,  059 

2,060 

May  to  December. 
Entire  year. 

1,659 
17, 933 

Basutoland  - -- 

Total ---. 

34,110 

10,368 

21.  652 

66, 130 

1932 

10,483 
22.404 

4,052 
34 

7,575 

2,  059 

i  20,  117 

«  22,  404 

3  5.  339 

12,235 

May  to  December. 
Entire  year. 

1,287 
12,201 

Basutoland-    .-  -  

Total    

36, 973 

7,575 

15,  547 

60, 095 

1  By  subtracting  from  total. 

2  Trade  and  Shipping,  1930,  gives  7,478  cattle. 
*  Assuming  1,000  pounds  live  weight  per  head. 
'  Trade  and  Shipping,  1931,  gives  2.382  cattle. 

8  Trade  and  Shipping,  1931,  gives  20,147  cattle. 

6  Trade  and  Shipping,  December  1932,  gives  21,892  cattle. 

South  African  Crops  and  Markets  and  Trade  and  Shipping  Returns. 


BASUTOLAND 


Basutoland  is  a  mountainous  native  territory  under  British  con- 
trol which  is  surrounded  by  Orange  Free  State  and  Cape  Provinces. 
It  contains  only  7,498,000  acres,  but  it  has  about  500,000  natives, 
among  whom  production  is  higher  than  in  most  native  areas.  Basu- 
toland exported  in  the  5  years  1928-32,  7,212,  7,947,  11,667,  18,059, 
and  12,235  cattle,  respectively.  Imports  in  1928  and  1929  were  4,772 
and  2,428  cattle,  but  in  each  subsequent  year  they  were  far  below 
1,000.  Basutoland  also  exported  hides  in  those  5  years,  amounting 
to  607,428,  445,286,  371,620,  186,015,  and  102,730  pounds,  respectively. 
The  decrease  in  number  of  hides  and  the  increase  in  number  of 
cattle  exported  strongly  suggest  what  progress  may  be  expected  from 
other  native  territories  with  respect  to  beef  production. 

Basutoland  livestock  figures  up  to  1930  were  derived  by  working 
out  the  average  yearly  increase  in  stock  from  the  1921  and  1911  cen- 
sus returns,  adding  them  each  year  to  the  1921  census  returns.  It 
was  hoped  that  an  agricultural  census  would  be  taken  again  in  1931, 
when  these  figures  would  have  been  checked,  but  this  was  not  done, 
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The  figures  for  1931  are  arrived  at  by  various  means.  Those  for 
sheep  and  goats  can  be  considered  correct,  as  compulsory  dipping 
was  in  force  during  1931  and  these  are  the  figures  obtained  from  the 
dipping  returns.  The  principal  veterinary  officer  and  the  agricul- 
tural officer  were  sure  the  figures  given  for  cattle  in  1930  were  too 
high  owing  to  great  mortality  through  spring  drought,  and  they 
reestimated  the  number  of  cattle  at  500,000  (table  38). 

Table  38. — Livestock:  Number  in  Basutoland,  1904-33 


Year 

Cattle 

Sheep 

Goats 

1904  .     

Number 
209, 883 
i  432,  748 
2  574,  415 
588,  581 
602,  747 
616,913 
631,  079 
645,  245 

Number 

Number 

1911     - 

1921 

1922 

1,  854,  426 
1, 903,  500 
1, 952,  574 

2,  001,  648 
2, 050,  722 
2, 099,  796 

894,  257 
896,  322 
898,  387 
900,452 
902,  517 
904,582 

1923 

1924 

1925 

1926 

Year 

Cattle 

Sheep 

1927 

Number 
659,411 
650, 000 
664,  166 
649,  090 
600,000 
550,000 
550,000 

Number 

2. 148,  870 
2, 100,  000 

2. 149,  074 
2,  399,  861 
2,  828,  700 
1, 949,  322 
1,  884,  597 

1928 

1929 

1930 

1931 

1932 

1933 

Goats 


Number 
906,647 
905,000 
907, 065 

1,153,591 

31,005,822 

723,  441 

669, 19? 


i  Not  including  4,663  owned  by  Europeans. 

2  Not  including  6,251  owned  by  European  traders  in  the  villages. 

3  Erom  official  sources. 

SWAZILAND 

Swaziland  is  a  governmental  "  island  "  in  South  Africa,  set  aside 
by  the  British  Government  as  a  reserve  for  natives.  It  consists  of 
6,705  square  miles  located  at  the  southeastern  corner  of  the  Trans- 
vaal Province.  The  elevation  is  mostly  from  1,000  to  2,000  feet,  but 
the  edge  of  the  high  plateau  on  the  west  is  about  4,000  feet  high.  The 
low  veld  is  covered  with  bushes  and  scattered  trees,  and  everywhere 
there  is  thick  grass  of  medium  height.  Rainfall  ranges  from  20  to 
50  inches  according  to  elevation  and  location.  The  population  in 
1921  included  2,205  Europeans,  110,295  Bantus,  and  451  mixed  and 
Asiatics. 

There  are  several  large  estates  owned  and  operated  by  Europeans, 
dating  back  to  a  time  prior  to  the  creation  of  Swaziland  in  its  pres- 
ent status.  One  of  these  is  the  Bar  R  Ranch  (also  called  Natalia 
Ranch),  which  is  located  just  north  of  the  Usutu  River,  near  the 
Natal  border.  The  ranch  consists  of  267  square  miles  (170,508  acres) 
with  34  miles  frontage  on  the  Usutu  River.  In  1926  £he  ranch  was 
stocked  with  18,000  head  of  grade  Shorthorns  and  Herefords  and 
had  a  substantial  acreage  planted  to  cotton.  Nevertheless,  the  cor- 
poration failed  to  pay  dividends,  and  in  1931  the  entire  18,000  head 
of  cattle  were  marketed,  and  the  property  was  sold  at  auction  in 
Johannesburg  in  August  1931  for  £55,000  ($267,630),  approximately 
6  shillings  6  pence  ($1.58)  per  acre.  This  is  to  be  compared  with  a 
sale  at  10  shillings  ($2.43)  an  acre  3  years  previous,  but  the  previous 
transaction  was  never  completed. 

A  European  cattle  rancher  in  Swaziland  made  the  following  ob- 
servations on  the  cost  of  producing  cattle  in  his  area.  The  costs  refer 
to  a  herd  of  100  cows  on  1,000  morgen  (2,117  acres)  of  land,  together 
with  the  natural  increase.  The  original  cows  are  sold  at  the  end  of 
the  fourth  year,  and  the  herd,  including  young  stock,  is  maintained 
at  approximately  300  head. 
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Approximate  cost  of  producing  cattle  in  Swaziland 

Interest  at  6  percent : 

2,117  acres  at  $1.15,  value  $2,435. 

100  cows,  value  $1,460. 

2  bulls,  value  $195. 

Dipping  tank,  value  $730 

1   herd   boy 117 

Dip   (120  pounds  arsenite) 10 

Carting    water 10 

Total  first  year 426 

Total  second  year 438 

Total  third  year 462 

Total  fourth  year 487 

Total  fifth  year 511 

Total  5  years 2,324 

This  rancher  estimates  his  annual  calf  crop  at  60  percent,  and 
concludes  that  the  cost  of  producing  cattle  in  Swaziland  is  approxi- 
mately $16  per  head  for  cattle  marketed  as  4-year-olds.  This  esti- 
mate does  not  provide  for  the  cost  of  supervision  or  death  losses  from 
disease,  snake  bite,  crocodiles,  etc.  The  present  value  of  cattle  such 
as  are  produced  in  Swaziland,  if  appraised  at  the  ranch,  is  not  much, 
if  any,  above  this  approximate  cost.  It  would  appear  that  the  solu- 
tion lies  in  improved  breeding  and  improved  markets. 


BECHUANALAND 

Bechuanaland,  with  its  176,000,000  acres,  is  much  larger  than  the 
2  native  territories  just  discussed,  but  it  is  very  dry  and  is  popu- 
lated by  only  about  150,000  natives  and  2,000  Europeans.  Most  of 
the  land,  if  used  at  all,  is  used  lor  grazing  native  cattle,  although 
there  are  considerable  numbers  of  sheep  (mostly  nonwooled)  and 
goats  (table  39).  No  estimates  of  the  trend  of  production  are 
available. 

Table  39. — Livestock:  Number  in  Bechuanaland.  1021 


Kind 


Cattle 

Sheep 

Goats 

Horses  and  mules 
Donkeys 


Owned  by 
natives 


Number 

426,344 

120, 186 

237,740 

2,264 

6,206 


Owned  by 
Europeans 


Number 

68,718 

12,268 

10,231 

493 

2,278 


Total 


Number 

495, 062 

132, 454 

247,971 

2,757 

8,484 


Official  Year  Book  of  the  Union  of  South  Africa. 

SOUTH-WEST  AFRICA 

South- West  Africa,  formerly  a  German  possession,  is  now  a  man- 
date of  the  Union.  Its  area  is  vast,  206,332,000  acres,  but  the  climate 
is  mostlv  arid,  and  the  population  consists  of  only  32,840  Europeans 
(1931)  and  261,000  natives  (1926).  The  Europeans  are  chiefly  in- 
terested in  cattle  and  Karakul  sheep,  although  other  sheep,  chiefly 
nonwooled,  are  common.  The  natives  own  a  considerable  number  of 
cattle,  nonwooled  sheep,  and  common  goats.  In  the  aggregate  about 
half  the  grazing  is  used  by  cattle  (table  40) . 

06380°— 35 7 


98        TECHNICAL   BULLETIN    4  6  6,    U.    S.    DEPT.    OF    AGRICULTURE 
Table  40. — Livestock:  Number  in  South-West  Africa,  1928-30 


Kind 


Cattle 

Karakul  sheep 

Wooled  sheep 

Blackhead  Persian  sheep 

Other  sheep 

Angora  goats 

Other  goats . 

Horses 

Mules 

Donkeys 

Hogs 


Owned  by- 


Europeans  Natives  and  mixed 


1929 


Number 

566,  740 

230,  295 

278, 173 

106,  565 

866,  617 

34, 052 

464, 118 

14,  202 

1,733 

37,  878 

9,060 


Number 

549,  912 

289,  600 

252,  265 

113,863 

851,917 

30,  904 

380,  407 

13,  309 

1,775 

37, 108 

8,182 


1929  1930 


Number 

130,  809 

396 

902 

407 

113,  686 

1,693 

550,  537 

6,806 

71 

23,617 

113 


Number 

105,  348 

221 

526 

100 

92,  499 

1,017 

446,  342 

6,067 

57 

23,  868 

57 


Total 


1928  1929 


Number 

655,  478 

179,  509 

246,  479 

40,  660 

1, 057,  495 

29,  901 

1, 192,  539 

18,  832 

1,  795 

57,  879 

10, 068 


Number 

697,  549 

230,  6tl 

279,  075 

106,  972 

980,  303 

35,  745 

1, 014,  655 

21, 008 

1,804 

61,  495 

9,173 


Number 

655,  260 

289, 821 

252,  791 

113, 963 

944, 416 

31,921 

826,  749 

19, 376 

1,832 

60, 976 

8,  233 


Correspondence,  senior  veterinary  surgeon,  Windhoek,  South- West  Africa. 

The  quality  of  the  cattle  is  inferior,  and  owing  to  frequent 
droughts  the  output  of  beef  is  erratic  and  inferior.  Practically  no 
cattle  feed  is  grown. 

The  Imperial  Cold  Storage  Co.  at  Walvis  Bay  during  1931 
slaughtered  for  export  overseas  14,246  head  of  cattle,  323  sheep,  and 
46  pigs.  Frozen-beef  exports  from  South-West  Africa  were,  there- 
fore, about  one-third  as  large  in  volume  as  beef  exports  from  the 
Union. 

Cattle  ranching  in  South- West  Africa  during  1931  was  unprofit- 
able. One  large  cold  storage  company  closed  its  ranch  at  Aruchab, 
and  the  branch  of  an  internationally-known  company  is  the  only 
remaining  large  concern  now  ranching  in  South-West  Africa.  This 
company  closed  its  meat-extract  works  at  Okahandja  which  had  ab- 
sorbed 17,000  head  of  inferior  cattle  during  1930  but  none  during 
1931. 

The  Government  of  South- West  Africa,  like  the  Governments  of 
Southern  Rhodesia  and  Northern  Rhodesia,  has  ceased  inviting  im- 
migrants to  settle  on  agricultural  lands  until  the  present  settlers 
shall  be  established  on  a  profitable  basis. 

The  1932-33  drought  in  South-West  Africa  made  it  practically 
impossible  to  find  cattle  sufficiently  fat  for  the  proposed  chilled-beef 
trade.  Government  representatives  made  a  tour  of  inspection  in 
an  effort  to  locate  2,000  head  suitable  for  chilling,  but  they  were 
unsuccessful,  and  export  operations  from  South-West  Africa  were 
not  undertaken  in  1933. 


SOUTHERN  RHODESIA 

Southern  Rhodesia  is  preeminently  a  cattle  country  (table  41), 
ranking  fourth  among  the  13  countries  of  south  and  east  Africa.  It 
ranks  second  only  to  the  Union  in  number  of  European-owned  cat- 
tle and  ranks  first  in  the  beef  quality  of  the  cattle.  Cattle  raising 
will  continue  to  be  the  principal  enterprise.  The  principal  grazing 
area  is  in  the  drier  southern  part  and  the  principal  fattening  area 
in  the  central  portion  around  Salisbury.     The  northern  third  of 
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the  colony  is  rendered  useless  by  the  presence  of  the  tsetse  fly 
which  carries  the  deadly  cattle  disease  trypanosomiasis.  The  colony 
is  not  suitable  for  wooled  sheep  except  along  the  mountainous  eastern 
border.  The  small  European  population  of  the  colony — about 
50,000 — the  small  requirements  of  the  northern  copper  mines,  and  the 
Jong  and  costly  transportation  of  beef  to  the  seaboard  and  to  Eng- 
land are  the  principal  handicaps  to  a  more  rapid  expansion  of  cattle 
numbers.  The  proposed  construction  of  a  railroad  westward  from 
Southern  Rhodesia  to  the  Atlantic  coast  would  contribute  greatly  to 
the  progress  of  the  colony  by  shortening  the  time  and  distance  as 
compared  with  the  other  three  rail  outlets. 

Table  41. — Value   of  production    and   exports    of  cattle    in   relation    to    other 
products  in  Southern  Rhodesia,  1929-30  and  1930-31 


Commodity 

Production 

Exports 

1929-30 

1930-31 

1929-30 

1930-31 

Cattle  for  slaughter ______     . 

Dollars 

3,  771. 344 

1, 600,  996 

413,631 

564,  485 

48,662 

1, 075,  441 

2,189,813 

3, 498,  834 

2,  535.  316 

924,588 

437,  962 

311,440 

291,  975 

155,  720 

107,  058 

60,828 

Dollars 

1,581,531 

973,  250 

243,312 

486,625 

36,497 

1, 177,  633 

1, 839,  443 

2,  773,  763 

2, 189,  813 

802,931 

472,  026 

296,841 

194,650 

116,790 

102,  191 

87,  592 

Dollars 

1, 654,  525 

87,  593 

384,  434 

350,  370 

7,299 

330.  905 

1,489,072 

1,  236,  028 

442.  829 

189,  784 

399,032 

194,  650 

63,261 

24,  331 

53,529 

43,  796 

Dollars 
238, 446 
29,198 

Meat,  fresh _  

Hides,  cattle,  dry ... 

Butter.  .    __  _  

218,  981 

4,866 

384,  434 

1,  824,  844 

827,263 

116,790 

204,382 

379,568 

155,  720 

19,  465 

19,  465 

48.662 

92,  459 

Cheese.    _  ...  

Tobacco,  cig  irettes _  _  _ 

Tobacco,  leaf ___    ._  __ 

Corn,  grain 

Corn,  meal _____ 

Flour  and  meal,  wheaten 

Citrus  fruit 

Eggs__  _  _     _ 

Pigs 

Bacon  and  hams  ___     .  __     .  ._ 

Ground  nuts_  _  _ 

Cotton,  lint-  _  _ 

Total 

17, 988,  093 
12,  206,  988 

13,  374, 888 
8. 674,  091 

6,951,438 

4,  778,  658 

Total,  less  duplications.-.  ..  .  ...  

Southern  Rhodesia  Government  Committee  report,  1932;  values  converted  at  par. 
TREND  OF  PRODUCTION 

In  1930,  Southern  Rhodesia  had  only  about  1,000,000  head  of  sheep 
and  goats  but  2,468,418  cattle,  of  which  1,558,075  were  owned  by 
natives.  The  number  of  cattle  increased  during  the  2  following 
years  on  account  of  the  loss  of  the  export  market  following  the  out- 
break of  foot-and-mouth  disease.  This  is  doubtless  only  a  temporary 
factor,  but  more  permanent  influences  are  at  work  tending* to  increase 
the  output  of  cattle  in  Southern  Rhodesia  (table  42). 

The  number  of  cattle  of  Southern  Rhodesia  will  probably  increase 
50  to  100  percent  within  the  present  generation.  In  1932  cattle  in 
Southern  Rhodesia  numbered  2,755,570  on  an  area  of  150,344  square 
miles  (96,220,160  acres).  This  indicates  a  ratio  of  approximately  35 
acres  per  head,  although  in  actual  practice  the  various  cattle  ranches 
are  stocked  to  ratios  ranging  from  3  to  35  acres  per  head.  The 
average  carrying  capacity  for  the  entire  colony  is  low  because  ap- 
proximately one-third  of  the  area  of  the  colony  is  afflicted  with  the 
tsetse  fly,  and  no  use  can  be  made  of  this  land.  If  this  area  is 
eliminated  the  ratio  is  narrowed  to  approximately  25  acres  per  head, 
which  is  reasonably  accurate  for  the  principal  ranching  areas. 
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Table  42. — Cattle  owned  by  Europeans  in-  Southern  Rhodesia,  classified 
December  31,  1929  to  1933 


Age  and  sex 

1929 

1930 

1931 

1932 

1933 

Number 

50,  809 

233,  854 

128,  510 

72,  085 

148,  192 

8,766 

4,490 

116,805 

138,  652 

Number 
52, 975 
241, 090 
127,  751 
81,  089 
153,  833 
8.  650 
4,560 
110,830 
129,  565 

Number 
87,  778 
220,  104 
132.  786 
88, 105 

149,  236 
10,  268 

4,067 
111,756 

150,  061 

Number 
97,  336 
222,  294 
137,  534 
94,  220 
150,  503 
10,  394 
3,728 
1 14,  003 
161,  863 

Number 
54,  028 

241,  946 

131,495 

77,  615 
137.  621 

9,721 

Other  bulls                 ..  .-         -  -    ... 

3,510 

121, 940 

162, 180 

Total 

902, 163 

910,  343 

954,  161 

991,875 

940, 056 

Purebred  (included  above) : 

1,976 
3,305 
2,330 
2,623 
3,339 
1,271 

2,032 
3.519 
2,244 
2,789 
3,653 
1,060 

Total 

14,  844 

15,  297 

Rhodesia  Agricultural  Journal  (10);  Economic  and  Statistical  Bulletin  of  Souther: 
1934. 


Rhodesia,  May  21' 


In  1898  there  were  only  about  28,000  cattle  left  in  Southern  Eho- 
desia  after  the  rinderpest  invasion,  of  which  about  one-half  were 
owned  by  Europeans  and  one-half  by  natives.  The  number  of  cattle 
increased  rapidly  among  both  classes  of  owners  until  1924,  at  which 
time  the  Europeans  and  natives  each  owned  about  1,000,000  cattle. 
Since  then  the  number  of  European-owned  cattle  has  declined  slightly, 
while  the  number  of  native-owned  cattle  has  increased  75  percent 
(table  43). 

Table  43.— Cattle:  Number  in  Southern  Rhodesia,  1898,  1903,  1908,  and  1913-33 


Year 

European- 
owned 

Native- 
owned 

Total 

1898  (remaining  aRer  rinderpest  invasion) 

Number 
14, 000 
80, 000 
175,  000 
300,  000 
341,  878 
394,  856 
468,  504 
532,311 
600,  447 
678,  508 
772,  891 
905,  040 
936,  251 
993,  608 
1, 003,  629 
1,006,086 
991,  216 
956,  522 
S05,  383 
902,  163 
910,  343 
954,  161 
991,875 
940,  056 

Number 

14, 000 

90, 000 

205,  000 

375,  000 

406,  180 

446,  060 

491,  522 

551,632 

610, 105 

652,  776 

744,  402 

845,  498 

864,  894 

927,  343 

1, 005,  277 

1, 095,  841 

1, 197,  466 

1,  370,  567 

1,420,913 

1,495,803 

1,  558,  075 

1, 628,  299 

3  1,  755,  610 

1,  748,  621 

Number 
28,000 
170, 000 

380,000 

675, 000 

1914                                                    

748, 058 

1915                                          

840,  916 

1916                                                                  

960,  026 

1917                                                             

1,083,943 

1918                                                    

1,  210,  552 

1919                        '                      

1,331,284 

1920                                   -- 

1,  517,  293 

1921                                                                    

1,  750,  538 

1922                                                          

1,801,145 

1923                                               

1,  920,  951 

1924                                                                         -- 

2, 008,  906 

1925                                                                 -    

2, 101,  927 

1926                                                     

2,  188,  682 

1927                                          

2,  327,  089 

1928                                                                   - 

2,  326,  2% 

1929                                                        

2,  397,  966 

19301                                                                          - 

2,  468.  418 

19311                                                                          - 

2,  582,  460 

1932  2                                                               

2,  747,  485 

1933  2                                                          

2,  688,  677 

i  There  were  2,660  European  cattle  owners  in  1930.  2  821  in  1931. 

2  Economic  and  Statistical  Bulletin  of  Southern  Rhodesia,  May  21,  1934. 

3  Natives  also  owned  288,958  sheep  (nearly  all  nonwooled)  and  785,409  common  goats. 

Southern  Rhodesia  Department  of  Agriculture,  Report  of  the  Secretary,  1930  (36),  Official  Yearbook 
(37,  no.  2,  p.  358),  and  Rhodesia  Agricultural  Journal  (31,  p.  826). 
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Any  increase  in  production  must  be  mostly  for  export  since  the  do- 
mestic consumption  is  small  in  relation  to  the  total  number  of  cattle. 
In  1931,  consumption  in  Southern  Rhodesia  was  82,683  cattle,  of  which 
75,486  were  slaughtered  by  butchers  and  7,197  on  farms.  Death  losses 
are  more  than  half  as  important  as  local  consumption.  During  1931 
death  losses  among  European-owned  cattle  amounted  to  58,124  (6.1 
percent),  of  which  21,346  died  from  feed  shortage  and  19,297  from 
disease.  These  figures  were  higher  than  for  the  preceding  year,  when 
death  losses  amounted  to  41,009  (4.5  percent),  of  which  10,843  died 
from  feed  shortage  and  17,159  from  disease. 

All  of  the  cattle  owned  by  natives  and  most  of  the  cattle  owned  by 
Europeans  are  native  cattle  of  no  particular  breed.  In  1931  only  13 
percent  of  the  European-owned  cattle  were  classified  as  graded  cattle, 
that  is,  better  than  native  cattle,  and  less  than  14,000  were  purebred. 
Rhodesian  cattle  are  mostly  native  cattle  crossed,  in  the  case  of  those 
owned  by  Europeans,  with  English  or  Africander  bulls.  Purebred 
cattle,  in  order  of  numerical  importance,  include  Friesland,  Hereford, 
Africander,  Shorthorn,  Angus,  Sussex,  South  Devon,  North  Devon, 
Red  Lincoln,  Red  Poll,  and  Ayrshire. 

The  Government  of  Southern  Rhodesia  is  making  some  headway 
in  improving  the  quality  of  the  cattle,  so  that  the  product  will  be 
acceptable  as  chilled  beef  on  English  markets.  Progress  is  being 
made  in  increasing  the  carrying  capacity  of  the  pastures  by  means 
of  mowing  during  the  most  rapid  growing  season  and  by  saving 
hay  for  the  dry  winter  months.  Methods  are  being  devised  for 
eliminating  tick-borne  diseases  and  for  lessening  the  losses  from 
trypanosomiasis.  Land  is  relatively  cheap,  sparsely  settled,  and  not 
fully  stocked.  Progress  is  being  made  in  teaching  the  natives  to  send 
their  surplus  cattle  to  market.  The  chief  native  commissioner  re- 
ported that  natives  sold  79,248  head  of  cattle  in  1930.  This  declined 
to  41,156  in  1931,  and  31,600  in  1932,  but  rose  to  81,100  in  1933. 
The  decline  in  1931  and  1932  was  caused  by  a  closure  of  cattle  markets 
on  account  of  foot-and-mouth  disease,  and  hence  was  only  temporary. 
Including  the  25,300  head  of  cattle  consumed  by  the  natives  them- 
selves, 106,400  head  of  native  cattle  were  disposed  of  during  1933. 
However,  death  losses  among  native-owned  cattle,  89,600  in  1932,  and 
193,100  in  the  dry  year,  1933,  exceeded  the  number  of  native-owned 
cattle  sold  or  slaughtered.  Rhodesian  natives  have  more  nearly 
commercialized  their  cattle  ownership  than  have  the  natives  in  the 
Union,  but  there  is  still  much  need  for  further  action  in  this  direction. 

The  quality  of  Rhodesian  cattle  is  generally  inferior,  although 
better  than  that  in  neighboring  countries.  The  age  at  which  the 
cattle  are  usually  slaughtered  is  between  5  and  10  years,  and  the 
weight  varies  from  700  to  1,400  pounds.  For  export  to  the  Union 
of  South  Africa  oxen  must  weigh  above  1,050  pounds  and  cows  750 
pounds.  Corn  is  seldom  fed  to  cattle,  although  about  1,000,000 
bushels  are  exported  annually.  The  quality  of  the  cattle  will  im- 
prove as  breeding  and  feeding  methods  are  improved.  Breeding  im- 
provement is  retarded  by  the  existence  of  diseases  to  which  the 
native  cattle  are  more  resistant.  Feeding  improvement  is  also  re- 
tarded by  the  system  of  local  marketing  whereby  cattle  are  sold  by 
the  head,  occasionally  by  weight,  without  due  regard  to  quality 
and  finish. 
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Cattle  diseases  constitute  a  serious  handicap  to  the  industry. 
Many  of  them  are  tick-borne,  and  the  present  law  requiring  all  cattle 
to  be  dipped  weekly  throughout  the  year  is  proving  efficacious  in 
conquering  them.  Trypanosomiasis  is  fly  borne  and  less  easily  eradi- 
cated. The  outbreak  of  foot-and-mouth  disease  in  1931  was  the  most 
serious  calamity  that  had  befallen  the  industry  since  the  rinderpest 
scourge  of  1895-98,  coming  as  it  did  at  the  beginning  of  a  campaign 
to  put  quality  beef  on  the  English  market.  Death  losses  from  foot- 
and-mouth  disease  were  not  heavy,  but  the  loss  of  the  export  market 
was  a  heavy  financial  blow  to  cattle  producers. 

About  one-third  of  the  colony  of  Southern  Rhodesia  and  a  large 
part  of  Northern  Rhodesia  would  be  suitable  for  grazing  cattle  ex- 
cept for  the  occurrence  of  the  tsetse  fly,  which  spreads  the  disease 
nagana  or  trypanosomiasis.  The  tsetse  fly  almost  disappeared  fol- 
lowing the  scourge  of  rinderpest  which  swept  over  Southern  Rho- 
desia in  1896,  eradicating  both  cattle  and  game.  Since  that  time 
the  fly  has  been  gradually  returning  to  the  same  areas  which,  were 
originally  infested.  Considerable  concern  has  been  felt  in  Southern 
Rhodesia  over  the  fact  that  agricultural  settlement  has  extended 
north  of  Salisbury  and  Hartley  into  an  area  which  was  originally 
infested  by  the  fly,  and  during  the  past  6  or  8  years  the  fly  has 
encroached  upon  these  areas,  causing  death  losses  among  work  oxen 
and  beef  cattle  to  the  extent  that  some  farms  had  to  be  abandoned. 

To  check  this  possible  calamity  to  agricultural  settlement  in  South- 
ern Rhodesia  the  Rhodesian  Department  of  Agriculture  undertook 
to  check  and  drive  back  the  fly  from  the  Umboe  and  Sipolilo  areas 
of  Lomagundi  district  by  eradicating  game  upon  which  the  fly  feeds 
and  from  which  the  disease  is  spread  to  domestic  animals.  Fences 
6  feet  high  consisting  of  7  strands  of  barbed  wire  were  erected  along 
3  lines  of  defense  for  a  total  length  of  120  miles.  Guns  were  issued 
to  native  hunters  for  the  purpose  of  killing  all  game  within  these 
fenced  strips.  Results,  as  recently  reported  by  the  chief  entomolo- 
gist for  Southern  Rhodesia,  are  encouraging  and  lead  to  the  belief 
that  the  evacuated  farms  can  again  be  occupied  and  that  the  advance 
of  the  fly  into  its  former  haunts  can  be  checked. 

Indications  are  that,  if  and  when  economic  conditions  justify, 
extensive  areas  can  be  added  to  the  present  cattle  areas  of  the 
Rhodesias  and  that  the  number  of  cattle,  instead  of  decreasing,  can 
be  expected  to  increase.  In  fact,  it  has  been  demonstrated  that  losses 
from  trypanosomiasis  can  be  reduced  by  prompt  and  adequate  treat- 
ment of  cattle  in  the  early  stages  of  infection. 

At  the  beginning  of  April  1931,  an  outbreak  of  foot-and-mouth 
disease  was  reported  on  two  large  ranches  in  the  southern  part  of 
the  colony.  The  affected  ranches  were  stocked  with  100,000  cattle, 
and  the  danger  of  further  spread  was  serious. 

This  was  said  to  be  the  first  outbreak  of  this  disease  in  southern 
Africa  since  1891.  The  Rhodesian  veterinary  officer  immediately 
placed  an  embargo  on  the  movement  of  cattle  and  took  other  pre- 
ventive measures.  Cattle  from  Rhodesia  were  being  shipped  into 
and  through  the  Union  of  South  Africa,  but  a  quarantine  was  im- 
posed against  all  stock,  livestock  products,  and  vegetable  products. 
The  immediate  effect  was  to  put  a  stop  to  the  vigorous  efforts  being 
put  forth  to  expand  the  export  trade  in  Rhodesian  cattle.    A  large 
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number  of  Union  police  were  ordered  to  the  northern  border  of  the 
Transvaal  for  patrol  purposes  to  prevent  stock  entering  the  Union 
from  Southern  Khodesia.  Furthermore,  no  importation  of  cattle  was 
allowed  from  Bechuanaland  within  100  miles  of  the  Rhodesian 
border.  Similarly,  outlets  in  Northern  Rhodesia  and  Belgian  Congo 
were  closed. 

The  officials  of  the  veterinary  department  adopted  the  policy  of 
inoculating  all  cattle  in  infected  zones  in  an  effort  to  establish  belts 
of  immune  cattle  in  addition  to  cattle-free  belts.  In  this  way  clean 
areas  were  protected.  The  rate  of  mortality  was  insignificant,  and 
no  slaughtering  of  infected  cattle  was  practiced.  Infections  in 
Southern  Rhodesia  ceased  after  October  1932.  although  Bechuana- 
land and  the  Union  were  both  infected  after  that  date.  Export  re- 
strictions, except  for  cattle,  were  gradually  relaxed  during  1932  and 
1933  until  the  disease  recurred  in  1934. 

In  the  southern  part  of  the  colony  rainfall  is  deficient,  dropping 
from  about  25  inches  in  the  central  portion  to  about  12  inches  as 
one  approaches  the  Limpopo  River  at  the  southern  boundary.  This 
area,  draining  into  the  Limpopo  River,  is  generally  too  dry  and  too 
infertile  for  growing  grain  except  on  a  very  meager  scale,  and  is  given 
over  entirely  to  cattle  ranching. 

The  area  north  of  the  dry  southern  portion  and  south  of  the  fly- 
infested  Zambezi  River  Valley  is  a  mixed-farming  area  in  which 
cattle  ranching  is  combined  with  the  growing  of  corn,  tobacco,  and 
cotton.  In  the  high,  well-watered  mountainous  strip  along  the  Por- 
tuguese border  a  successful  beginning  has  been  made  in  the  pro- 
duction of  wool  and  mutton.  Along  the  eastern  border  and  in  the 
mountains  near  Fort  Victoria  the  rainfall  exceeds  40  inches  per  year, 
but  in  most  of  this  triangle  the  rainfall  is  between  30  and  35  inches. 
Throughout  the  entire  colony  the  winter  months  from  April  to  Oc- 
tober are  almost  rainless.  Nevertheless,  the  summer  months  are  suffi- 
ciently warm  and  rainy  to  make  possible  the  production  of  good 
yields  of  corn  ranging  in  good  areas  from  30  to  50  bushels  per  acre, 
and  in  exceptional  instances  amounting  to  much  more.  This  is  the 
area  in  which  cattle  from  the  ranching  areas  in  the  south  may  even- 
tually be  fattened  for  export  to  England  either  as  live  cattle  or  as 
chilled  beef.  Corn  cannot  be  profitably  grown  in  the  mountainous 
strip  along  the  eastern  border,  but  the  grazing  on  these  mountain 
slopes,  from  5,000  to  6,000  feet  in  elevation,  is  the  best  in  the  colony. 
Inaccessibility  is  the  chief  disadvantage  of  the  eastern  border. 

In  the  two  areas  outside  of  the  fly  belt  three  types  of  soil  are  to 
be  found.  Three-fourths  of  the  land  is  infertile,  sandy,  gravelly 
loam  from  decomposed  granite.  Yields  of  corn  on  this  soil  are  low, 
and  it  is  not  often  plowed  for  cropping  unless  the  farm  is  devoid  of 
the  other  two  types  of  soil.  This  sandy  land  comprises  the  sand 
veld  on  which  most  of  the  cattle  grazing  is  done.  It  is  generally 
level  to  rolling  and  covered  with  a  scrubby  growth  of  bush  and 
deciduous  trees  and  a  mixture  of  20  or  more  kinds  of  grasses,  most 
of  which  are  1  to  3  feet  tall,  stemmy,  and  not  particularly  nutritious 
except  during  the  early  stages  of  growth.  Interspersed  throughout 
the  sand  veld  are  patches  of  red  soil  similar  to  the  Piedmont  clay 
loams  of  the  Appalachian  States.  This  red  soil  is  usually  selected 
for  growing  corn  and  cotton.    In  1  or  2  areas  dark-fired  tobacco  is 
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grown  on  "  contact "  soil,  where  the  red  soil  blends  into  the  prevail- 
ing sand,  or  on  the  sand  veld  itself.  In  the  areas  around  Salisbury, 
where  the  rainfall  is  30  to  35  inches,  most  of  the  red  soils  have  al- 
ready been  put  under  the  plow,  but  in  the  drier  areas  to  the  south 
and  southwest  there  are  large  patches  of  red  soil  which  are  in- 
cluded in  the  cattle-grazing  lands.  The  grasses  that  grow  on  these 
patches  are  somewhat  more  nutritious,  especially  during  the  dry 
winter  months,  and  are  commonly  reserved  for  winter  grazing.  The 
third  type  of  soil  is  a  black  alluvial  loam  which  occurs  in  small 
patches  along  the  valleys.  This  soil  looks  like  the  black  soils  of 
Illinois,  but  is  less  fertile. 

The  principal  problem  confronting  Rhodesian  cattle  ranchers  is 
how  to  produce  more  beef  on  the  sand  veld,  which  comprises  the 
bulk  of  the  usable  portion  of  the  colony.  Under  existing  practices 
most  of  the  calves  are  born  during  the  rainy  summer  months  of 
January,  February,  and  March.  These  cows  and  calves  generally 
do  well  until  the  middle  of  the  dry  winter  season,  July,  August,  and 
September,  when  they  rapidly  lose  condition.  The  moist  swales  or 
vleis  are  burned  over  during  July  and  August  in  order  to  start  a  new 
growth  of  grass  during  August,  September,  and  October  before  the 
rains  begin.  In  this  way  the  cattle  are  kept  alive.  At  the  beginning 
of  the  rainy  season  in  October  or  November  the  weaners  generally 
weigh  about  400  pounds.  A  year  later,  as  long  yearlings,  they 
weigh  600  to  700  pounds.  As  long  twos  they  weigh  800  to  900 
pounds,  and  as  long  threes  1,000  to  1,100  pounds.  Many  of  the  steers 
are  kept  another  year,  to  be  sold  when  weighing  around  1,300  or 
1,400  pounds,  while  in  their  best  condition  during  the  early  winter 
months.  The  possible  rate  of  growth  is  indicated  by  the  weights 
of  a  few  individual  animals  at  the  Marandellas  Pasture  Research 
Station : 

Number  and  date  of  birth,  1931  jSffiJmi 

No.  1,  Aug.  29 pounds—  512 

No.  2,  Sept.  12 do 400 

No.  3,  Sept.  14 do 509 

No.  4,  Sept.  21 do 527 

No.  5,  Oct.  26 do 433 

The  rate  of  growth  of  weaners  is  indicated  by  no.  6,  which  weighed 
588  pounds  on  February  4,  1931,  and  910  pounds  on  July  7,  1932,  af- 
ter grazing  for  half  of  1  rainy  season,  1  dry  season,  and  1  rainy 
season — a  total  of  17  months  for  a  net  gain  of  322  pounds. 

The  agricultural  experiment  station  is  conducting  grazing  experi- 
ments at  Marandellas,  near  Salisbury,  and  at  the  Matopos  School 
of  Agriculture,  near  Bulawayo,  to  determine  methods  of  accelerating 
the  rate  of  growth  and  of  reducing  the  acreage  of  land  necessary  to 
carry  a  given  number  of  cattle.  At  present,  beef  prices  are  too  low 
to  encourage  much  outlay  on  the  part  of  producers.  The  cost  of 
removing  trees  and  small  bush  and  the  cost  of  applying  commercial 
fertilizer  seem  excessive  in  relation  to  the  value  of  land  and  cattle, 
but  alternative  grazing  of  pastures  offers  promise. 

The  judicious  use  of  mowing  machines  on  land  that  can  be  cleared 
at  moderate  cost  offers  promise  of  increasing,  perhaps  doubling,  the 
carrying  capacity  where  this  is  practiced.  The  use  of  a  mowing 
machine  during  the  rapid  growing  season  increases  the  carrying 
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capacity,  even  though  hay  is  not  saved,  because  the  feeding  value 
of  the  second  growth  of  young  grass  is  higher.  The  curing  of  hay 
during  the  rainy  months  presents  difficulties.  A  preliminary  test 
with  the  production  of  grass  silage  showed  that  an  aboveground 
stack  of  grass  silage  was  a  failure,  although  it  is  thought  that  grass 
silage  would  be  a  success  if  put  into  pit  silos.  Aboveground  silos 
are  seldom  even  considered  in  this  country,  in  which  pit  silos  are  so 
easily  constructed  and  where  native  labor  for  removing  silage  from 
a  pit  silo  is  so  abundant  and  cheap. 

The  annual  report  of  the  Division  of  Plant  Industry  of  Southern 
Rhodesia  states  that  grazing  experiments  near  Salisbury  have  demon- 
strated that  2  acres  of  woolly  fingergrass  (Digitaria  sp.)  under  nor- 
mal rainfall  conditions  will  carry  3  mature  cattle  during  the  sum- 
mer months  from  December  15  to  April  15,  and  that  1%  acres  of 
Hunyani  grass,  or  Rhodes  grass  (C  Moris  gay  ana),  will  provide  suf- 
ficient pasturage  for  3  mature  cattle  from  January  1  to  April  15. 
Results  also  showed  that  grass  from  natural  grassland,  if  ensiled  at 
the  correct  stage  of  growth,  will  yield  a  fodder  closely  resembling 
corn  silage  in  feeding  value,  and  that  certain  of  the  natural  grasses 
that  can  be  readily  established  as  cultivated  grassland  produce  a 
silage  as  high  in  protein  content  as  combined  corn  and  bean  silage. 
The  making  of  veld-grass  silage  was  undertaken  in  1932  on  all 
the  Government  farms  and  experiment  stations  except  the  tobacco- 
research  station,  and  a  number  of  individual  farmers  were  also 
keenly  interested.  A  considerable  quantity  of  this  kind  of  silage 
was  probably  produced  in  the  colony  during  the  following  summer. 
It  is  looked  upon  as  a  successful  means  of  increasing  the  carrying 
capacity  of  the  veld,  ranking  in  importance  with  the  mowing  of  grass 
as  it  approaches  maturity  and  the  saving  of  grass  hay  for  winter 
feed. 

The  senior  animal  husbandry  officer  of  the  Southern  Rhodesia 
Department  of  Agriculture,  was  the  agricultural  member  of  a  survey 
party  which  reported  at  the  beginning  of  1932  on  the  practicability 
of  constructing  a  railroad  line  from  near  Wankie  in  Southern 
Rhodesia  to  Walvis  Bay  in  South-West  Africa.  He  reported  that  this 
so-called  desert  is  a  promising  beef-producing  country  with  a  few 
areas  suitable  for  dairying  and  a  few  others  suitable  for  sheep  rais- 
ing for  the  mutton  market,  provided  an  adequate  water  supply  could 
be  provided  by  means  of  wells  or  otherwise.  He  believes  that  South- 
ern Rhodesia  alone  would  be  capable  of  producing  for  export  over- 
seas within  12  or  15  years  150,000  head  of  cattle,  50,000  head  of  pigs, 
and  5,000  tons  of  dairy  produce  per  year.  Cattle  would  be  exported 
as  chilled  beef.  Walvis  Bay  would  be  no  further  from  Salisbury 
than  Capetown  and  the  time  required  to  reach  England  from  Walvis 
Bay  would  be  3  days  less. 

METHODS   OF  PRODUCTION 

Much  of  the  development  of  Southern  Rhodesia  is  still  in  the 
pioneer  and  promotional  stage.  Much  of  the  land  is  owned  by  large 
companies  which  are  interested  in  both  mining  and  ranching  and 
which  expect  to  sell  land  to  settlers  when  business  conditions  improve. 

The  eighth  annual  report  of  one  of  these  companies  sheds  consid- 
erable light  on  the  agricultural  situation  in  Southern  Rhodesia.     The 
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company  owns  1,550,133  acres  in  Southern  Rhodesia,  including  23 
working  farms  and  2  ranches.  Subsidiaries  of  the  company  include 
cotton,  tobacco,  and  cattle  enterprises,  in  addition  to  mining. 

It  is  significant  that  despite  adverse  marketing  conditions  and  low 
prices  the  agricultural  and  ranching  operations  resulted  in  a  profit 
in  1932,  while  other  enterprises  were  unprofitable.  The  company 
looks  forward  to  improved  earnings  from  the  inauguration  of  the 
chilled-beef  export  trade  for  its  cattle  and  the  increasing  demand 
for  better  bulls  that  are  produced  on  one  of  its  ranches. 

In  the  south-central  part  of  Southern  Rhodesia  is  one  of  the  largest 
cattle  ranches  in  the  world.  It  is  owned  by  three  large  companies. 
The  ranch  is  irregular  in  shape,  but  is  130  miles  long  and  110  miles 
wide,  contains  about  3,500,000  acres,  and  carries  100,000  head  of 
cattle.  For  management  purposes  the  ranch  is  divided  into  14  sec- 
tions, each  in  charge  of  a  foreman.  The  ranch  employs  35  Europeans 
and  1,700  natives,  the  latter  at  an  average  wage  of  16  or  IT  shillings 
per  month,  including  rations.  At  par  of  exchange,  this  is  about  $4 
per  month. 

The  ranch  is  characterized  by  level  to  rolling  land,  hilly  in  the 
northern  portion,  covered  with  scattered  growth  of  trees  and  a 
fairly  dense  growth  of  various  kinds  of  bunch  grass  1  to  3  feet 
high.  The  general  appearance  is  not  unlike  the  scrub-oak  lands 
encountered  in  our  Southern  States.  The  soil  is  generally  infertile 
and  consists  of  a  sandy  loam  of  decomposed  granite,  locally  known 
as  sand  veld,  with  occasional  stretches  of  red  soil  like  the  Piedmont 
loams  of  the  Appalachian  States  and  a  few  patches  of  black  alluvial 
soil  along  the  valleys.  The  ranch  is  traversed  by  three  rivers — the 
Bubye,  the  Nuanetsi,  and  the  Lundi — but  one  or  more  of  these  rivers 
are  dry  during  the  dry  winter  months,  and  facilities  must  be  pro- 
vided for  watering  cattle.  Holes  are  scraped  in  the  sand  of  the 
river  bed  to  reach  water,  or  hand  pumps  are  operated  by  natives 
to  pump  the  water  into  tanks.  Away  from  the  rivers,  the  small 
streams  are  dammed  at  intervals  to  hold  water  after  the  rains,  and 
boreholes  from  50  to  200  feet  deep  are  scattered  all  over  the  ranch 
to  provide  additional  water  by  pumping,  usually  by  hand.  Despite 
these  efforts,  there  are  about  1,000,000  acres  along  the  watersheds 
between  these  rivers  where  boreholes  300  to  400  feet  deep  have 
yielded  little  or  no  water,  so  much  of  the  land  is  therefore  prac- 
tically useless,  except  for  a  short  period  during  the  rainy  season. 

The  ranch,  as  a  whole,  averages  35  acres  per  head,  but  if  allow- 
ance is  made  for  the  1,000,000  acres  of  unwatered  and  little-used 
land  the  ratio  is  25  acres  per  head.  The  best  areas  of  the  ranch 
average  only  12  acres  per  head.  In  addition  to  the  cattle,  there  is 
probably  upwards  of  200,000  head  of  wild  game  on  the  ranch,  in- 
cluding various  kinds  of  buck  (antelope),  wildebeest,  zebra,  and 
giraffe.  Additional  cattle  might  be  carried  except  for  the  fact  that 
a  margin  of  safety  must  be  allowed  for  dry  seasons  and  for  grass 
fires  which  occasionally  sweep  across  the  veld  destroying  thousands 
of  acres  of  feed.  Each  year  hundreds  of  miles  of  fire  protection 
are  burned  around  the  ranch,  especially  where  it  is  bordered  by 
native  reserves. 

The  100,000  cattle  on  the  ranch  are  graded  up  from  foundation 
native  stock  because  of  their  higher  resistance  to  disease.    Purebred 
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Hereford,  Shorthorn,  and  Africander  bulls  are  used.  Many  of 
these  are  bought  in  the  Union,  but  a  small  stud  herd  is  kept  on  the 
ranch.  The  100,000  cattle  consist  of  32,000  cows,  18,000  to  20,000 
calves,  16,000  to  18,000  yearlings,  15,000  to  17,000  two-year-olds,  and 
14,000  to  16,000  three-year-olds.  The  cattle  are  usually  sold  at  about 
4  years  of  age.  Calves  are  enumerated,  earmarked,  and  dehorned 
with  caustic  potash  at  the  age  of  1  week.  A  55-percent  calf  crop  is 
considered  normal.  A  10-percent  death  loss  among  calves  is  expected 
during  the  first  year,  chiefly  from  wild  dogs,  leopards,  lions,  and  dis- 
ease. The  death  rate  is  about  1  percent  among  aged  cattle  and 
averages  approximately  5  percent  for  cattle  of  all  ages.  The  cattle 
are  constantly  herded  in  small  "  mobs  ",  each  in  charge  of  a  native 
herd  boy  assisted  by  one  or  two  "  piccanins."    No  horses  are  used  for 


Figure   34. — Grade   Hereford   cows   and   calves   on    a   3,500,000-acre   ranch    in    Southern 

Rhodesia. 

herding  and,  because  of  the  constant  daily  contact  of  the  herd  boys, 
and  the  weekly  handling  through  the  dip  tanks,  the  cattle  are  sur- 
prisingly tame.  There  are  a  few  fenced  paddocks  of  about  8  square 
miles,  representing  about  500  miles  of  fencing,  but  these  are  hard  to 
find  on  so  large  a  ranch. 

The  average  rainfall  is  18  inches,  but  there  is  less  than  this  in  the 
south  and  more  than  this  in  the  north  of  the  ranch,  and  it  is  highly 
variable  from  year  to  year.  Practically  all  of  the  rain  comes  in 
the  summer,  between  November  and  March,  the  rainy  season,  and 
immediately  thereafter  there  is  a  superabundance  of  nutritious  grass. 
During  this  period  the  cattle  gain  rapidly  in  weight,  but  during  the 
dry  months  the  protein  content  of  the  grass  drops  from  8  percent  to 
2  percent,  stems  become  dry  and  unpalatable,  and  the  cattle  lose 
condition  and  weight.  It  is  the  usual  practice  on  the  ranch  to  run 
the  bulls  with  the  herds  from  May  to  October  and  have  most  of  the 
calves  drop  as  soon  after  February  as  possible,  while  the  grass  is  at 
its  best.    Most  of  the  sales  are  made  from  May  to  August,  at  the  end 
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of  the  rainy  season,  when  cattle  are  in  best  condition,  though  in 
some  years  and  from  some  parts  of  the  ranch,  fat  cattle  can  be  sold 
as  late  as  October. 

About  10,000  bags  (35,000  bushels)  of  corn  are  produced,  princi- 
pally in  the  northern  portion  where  the  rainfall  is  higher  and  the  soil 
is  more  fertile.  In  addition,  it  is  usually  necessary  to  buy  2,000  bags. 
The  corn  is  used  for  feeding  the  1,700  natives  and  their  families  and 
for  feeding  the  stud  animals  and  the  2,000  trek  oxen  which  are  used 
on  the  ranch  for  hauling  and  plowing. 

The  manager  of  the  ranch  believes  that  the  land  is  worth  nothing 
now,  but  additional  land  would  cost  about  2  shillings  (49  cents  at 
par)  per  acre.  He  believes  that  the  cost  of  producing  a  3-  or  4-year- 
old  animal  reared  for  market  at  1,000  to  1,200  pounds  live  weight  is 
approximately  £4  ($19)  and  that  in  previous  years  the  sales  price 
has  been  approximately  £6  ($29)  per  head. 

Methods  in  the  Umtali  area  are  fairly  typical  of  the  more  usual 
type  of  ranching.  Settlement  dates  back  nearly  40  years.  In  this 
area  there  are  about  700  farmers,  but  the  number  of  settlers  was  not 
increasing  further  during  1930  and  1931.  This  area  extends  north 
to  Inyanga,  West  along  the  railroad  to  Headlands,  and  south  along 
the  border  of  Mozambique  to  Melsetter  and  beyond  to  Chipinga.  It 
is  mountainous,  and  various  conditions  are  embraced  in  the  area — 
from  3,000  to  5,000  feet  elevation,  from  30  to  60  inches  rainfall,  and 
from  subtropical  to  temperate  agricultural  production. 

The  number  of  cattle  is  limited  by  the  feed  available  during  the 
dry  season — the  winter  months.  There  is  an  abundance  of  grass 
during  the  rainy  summer  months.  To  increase  the  year-round  car- 
rying capacity,  hay  and  silage  are  saved  and  fed  during  the  winter. 


Table  44. 


-Cattle:  Number  of  European  owners,   classified   by 
owned  in  Southern  Rhodesia,   1921-31 


rize   of  herd 


Size  of  herd  owned 

European  cattle  owners  in— 

1927 

1928 

1929 

1930 

1931 

Under  250  head 

Number 

1,753 

482 

232 

73 

17 

13 

1 

8 

5 

2 

1 

Number 

1,882 

449 

198 

76 

14 

10 

1 

9 

4 

2 

1 

Number 

1,929 

461 

180 

69 

14 

8 

4 

9 

4 

2 

1 

Number 

1.906 

448 

191 

73 

15 

9 

4 

5 

6 

2 

1 

Number 
2,048 

250  to  499 

457 

500  to  999 

195 

1,000  to  1,999 

77 

2,000  to  2,999 

15 

3,000  to  3,999 

11 

4,000  to  4, 999 

3 

5,000  to  9,999 

8 

10,000  to  19,999. 

3 

20,000  to  39,999 

3 

40,000  and  over 

1 

Total 

2,587 

2,646 

2,681 

2,660 

2,821 

Southern  Rhodesia,  Summer  Crop  Returns  (36,  p.  11). 


Most  of  the  cattle  are  produced  by  fairly  large  companies,  but 
some  are  produced  by  individual  producers  (table  44).  The  ranch 
of  one  of  the  latter  covers  12,000  acres  and  carries  1,000  grade  Sussex 
and  Hereford  cattle.  This  ranch  also  includes  150  acres  of  corn,  40 
acres  of  flue-curing  tobacco,  and  50  acres  of  pumpkins  and  miscel- 
laneous crops.     Aside  from  the  tobacco,  which  requires  about  30 
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natives,  it  requires  the  employment  of  about  30  native  laborers. 
These  cattle  are  run  in  five  camps  of  about  2,000  acres,  each  with 
streams  of  water  centrally  located.  Calf  crops  average  60  percent, 
of  which  about  50  percent  are  raised  to  market  age  of  3%  to  4  years. 
The  ranch  is  tsetse-fly  free.  Bands  of  wild  dogs  cause  serious  losses 
among  the  younger  cattle — more  serious  than  the  losses  from  lions 
and  leopards.  The  owners  slaughter  about  30  head  per  month  for 
their  own  retail  meat  store  in  Umtali  and  sell  another  150  head  of 
live  cattle  per  year. 

Out  of  a  total  of  954,161  head  of  European-owned  cattle,  December 
31,  1931,  32.3  percent  were  cows,  13.9  percent  heifers  over  1  year  of 
age,  15.7  percent  calves  under  1  year,  1.5  percent  bulls,  11.7  percent 
trained  oxen,  15.7  percent  untrained  oxen,  and  9.2  percent  yearling 
oxen  (table  42). 

METHODS  AND   COSTS   OF  MARKETING 

The  principal  markets  have  been  the  mining  areas  of  Northern 
Khodesia  and  the  Belgian  Congo,  the  Johannesburg  market  for 
heavy  cattle,  and  the  Italian  army  contract  for  frozen  beef  from  the 
inferior  cattle.  A  few  live  cattle  have  been  exported  to  England. 
The  newly  established  chilled  beef  trade  with  England,  reestablished 
since  the  quarantine  was  relaxed,  now  ranks  first  in  importance. 

Most  of  the  heavy  class  of  cattle,  including  cattle  bought  and  fed, 
come  from  the  Salisbury  area.  The  main  cattle  area  around  Bula- 
wayo  normally  sends  its  cattle  to  Northern  Rhodesia  and  the  Belgian 
Congo.  The  foot-and-mouth  disease  quarantine  stopped  this  move- 
ment and  this  loss  of  market  was  expected  to  continue,  in  part,  after 
the  quarantine  was  lifted. 

In  1930,  according  to  the  annual  report  of  the  Southern  Rhodesia 
Department  of  Agriculture,  this  colony  exported  60,871  cattle. 

Cattle  exports  from  Southern  Rhodesia,  1930 
Destination : 

Union  of  South  Africa:  Number 

For  export  to  Italy 21,  775 

For  local  consumption 7' 466 

Belgian  Congo: 

For  slaughter 24,  093 

For    breeding , 35 143 

Northern  Rhodesia: 

For  slaughter 3?  597 

For    breeding 324 

Trek  oxen 128 

Portuguese  East  Africa : 

For  breeding 25 

England  (on  hoof) 320 

Total 00,  871 

Three-fourths  of  the  cattle  exported  to  Italy  were  of  inferior  type. 
The  Government  paid  an  export  bounty  of  $101,280  on  these  cattle 
($4.65  per  head)  and  $4,105.73  ($10.38  per  head)  on  the  live  cattle 
shipped  to  England.  The  freight  rate  on  the  latter  was  £10  and 
other  charges  about  £4  per  head. 

Since  1916  there  has  been  a  gradual  increase  in  the  export  move- 
ment, until  in  1928  there  were  71,261  cattle  exported  (value  £370,763- 
$1,804,360),  of  which  64,921  head  were  classed  as  slaughter  cattle 
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(table  45).  In  1930,  61,267  cattle  were  exported.  This  represents 
about  2y2  percent  of  the  total  number  of  cattle  in  the  country.  By 
comparison,  cattle  slaughtered  by  butchers  in  1928  totalled  102,284 
and  by  Europeans  on  farms,  10,681  head.  The  number  slaughtered 
by  natives  for  consumption  in  the  reserves,  although  unknown,  has 
been  estimated  at  50,000  head. 

Table  45. — Cattle:  Imports  and  exports,  Southern  Rhodesia,  191JtSS 


Year 


1914       

Number 
2,483 

1915      

3,489 

1916  

370 

1917  

337 

1918 

275 

1919 

1920 

1921 

605 
467 

628 

1922  . 

431 

1923 

1924 

257 
247 

1925 

1926 

1927 

1928   

427 
416 
379 
610 

1929  . 

491 

1930 

353 

1931 

1932 

1933 

240 
49 
18 

Imports 


Bulls  and 
oxen 


Cows  and 
calves 


Number 

3,876 

3,079 

1,490 

2,667 

692 

315 

437 

379 

281 

259 

419 

659 

639 

696 

1,065 

1,656 

1,286 

M45 

3  £97 

J  71 


Total 


Number 

6,  359 

6,568 

1,860 

3,004 

967 

920 

904 

1,007 

712 

516 

666 

1,08b 

1,055 

1,075 

1, 675 

2,147 

1,639 

685 

946 

89 


Value 


Dollars 
218,985 
226,  561 
127,  260 

262,  005 

143,  396 
169,  862 

144,  929 
248,  857 
103,  359 

66,  762 
61,  642 
113,  607 
123,  577 
120,  385 
173,  254 

263,  205 
111,195 

33,  906 
18,  897 
4,107 


Exports 


Slaughter 
cattle 


Number 


12,815 
13,  221 
22,  975 
23,831 
24, 142 
8,965 
19, 405 
32,  490 
45,  289 
45,  829 
68,  933 
38,819 
64, 921 
65,  997 
59,  584 
8,448 
0 
0 


Other 

cattle 


Number 

12 

7 

113 

78 

482 

5,306 

7,345 

3,333 

3,134 

1,831 

1,870 

13,  467 

3,805 

4,925 

6,340 

7,599 

1,683 

1,832 

0 

0 


Total 


Number 
12 
7 

12,  928 

13,  299 
23,  457 
29, 137 
31,  487 
12,  298 
22,  539 
34,  321 

.  47,159 
59,  296 
72,  738 
43,  744 
71,261 
73, 596 
61.267 
10,280 
0 
0 


Value 


Dollars 

467 

535 

551,342 

662,  282 

1,060,837 

1,326,929 

1, 449,  647 

490,  215 

548,  846 

884,  902 

1, 119,  433 

1, 187,  654 

1,701,124 

1,106,212 

1,804.138 

2, 036,  061 

1.  709,  212 

284,  604 

0 

0 


i  Converted  at  par. 

2  Including  67  cattle  for  slaughter. 

3  Including  256  cattle  for  slaughter. 

Southern  Rhodesia  Official  Yearbook,  (37,  no.  2,  p.  859;  no.  8,  p. 
Union  of  South  Africa,  Trade  and  Shipping,  1929  (46). 
Trade  of  Southern  Rhodesia,  1932. 


The  average  value  of  cattle  exported  in  1928  was  $25,  but  this 
represented  a  slight  increase  from  the  low  level  of  1922  to  1925. 
The  cattle  imported  have  much  higher  value,  averaging  $103,  since 
they  represent  breeding  stock. 

It  was  estimated  by  a  committee  in  Southern  Rhodesia  which 
reported  in  connection  with  the  Imperial  Economic  Conference  at 
Ottawa  (1932)  that  under  favorable  conditions  Southern  Rhodesia 
will  have  an  annual  surplus  of  150,000  head  of  cattle  available  for 
export.  Of  this  number,  the  annual  surplus  of  cattle  suitable  for 
the  chilled  beef  trade  is  estimated  at  20,000. 

The  Southern  Rhodesian  Department  of  Agriculture  holds  that 
the  need  for  the  development  of  an  overseas  trade  in  chilled  or  frozen 
beef  is  urgent,  especially  since  the  export  of  live  cattle  to  the  adjoin- 
ing territories  has  been  stopped,  owing  to  the  outbreak  of  foot-and- 
mouth  disease.  But  the  greater  number  of  the  cattle  available  for 
export  are  suitable  only  for  the  frozen-meat  trade,  and  this  demand 
is  decreasing  and  is  already  unprofitable. 

The  results  to  be  obtained  from  exporting  frozen  beef  from  South- 
ern Rhodesia  are  unpromising,  as  indicated  by  the  results  of  an  ex- 
perimental consignment  of  frozen  beef  shipped  to  London  through 
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Beira  in  July  1932.  Hindquarters  brought  3%  pence  (7  cents)  and 
forequarters  2  pence  (4  cents)  per  pound  at  Smithfield  market. 
Prices  were  only  about  half  as  high  as  chilled-beef  prices  and 
amounted  to  only  about  $33  per  1,100-pound  steer.  The  net  return 
to  the  producer  after  deducting  $21  (3%  cents  per  pound  carcass 
weight)  for  slaughtering,  freezing,  transportation,  and  selling,  was 
only  about  $12,  which  is  less  than  the  prices  of  $15  to  $30  which  could 
be  obtained  locally. 

Rhodesian  cattlemen  are  much  more  interested  in  developing  the 
chilled-beef  trade.  They  were  prevented  from  doing  this  during  the 
first  part  of  the  quarantine  period  occasioned  by  the  outbreak  of 
disease  because  of  the  embargo  against  such  shipments  being  made 
through  the  Union  for  export  at  Capetown.  The  Port  of  Beira  is 
too  far  from  England  to  permit  the  successful  shipment  of  chilled 
beef.  In  1933  the  embargo  was  lifted  and  chilled-beef  exports  from 
Southern  Rhodesia  through  Capetown  to  England  were  inaugurated. 

Beginning  about  April  1,  1933,  a  plant  at  Bulawayo  began  slaugh- 
tering and  chilling  about  1,000  head  of  cattle  per  week.  Refrigerated 
space  was  engaged  as  follows  on  boats  leaving  Capetown : 

Quarters 

Apr.    7 1,700 

Apr.  11 2,900 

Apr.  14 5,000 

Apr.  21 1,  700 

Apr.  28 2,  500 

May    5 1,300 

May  12 3,  700 

May  19 1,300 

May  25 3,  700 

May  30 2,  000 

Total 25,800 

In  addition  to  the  G,450  head  of  cattle  provided  for  in  these  com- 
mitments, the  quantity  was  expected  to  be  increased  up  to  8,000  head. 
The  plant  at  Bulawayo  was  enlarged  at  a  cost  of  about  £8,000  to 
increase  the  chilling  capacity  by  about  30  percent.  It  is  estimated 
that  it  costs  about  2y2  pence  per  pound  to  deliver  chilled  beef  on  the 
London  market,  but  part  of  this  cost  is  offset  by  the  value  of  hides 
and  offal.  Efforts  are  being  made  to  provide  local  outlets  in  South- 
ern Rhodesia  and  in  the  Union  for  beef  rejected  for  bruising  or  other 
causes.  The  company  offered  16  shillings  8  pence  per  100  pounds 
carcass  weight  for  stall-fed  animals  suitable  for  chilling,  but  all 
rejected  meat  had  to  be  sold  for  the  account  of  the  producer. 

Detailed  results  of  the  first  87  cattle  slaughtered  for  chilled-beef 
export  at  Bulawayo  in  November  1932  are  available.  The  exported 
portion  consisted  of  102  fores  and  105  hinds  weighing  38,940  pounds. 
The  net  proceeds  amounted  to  24  shillings  1.04  pence  ($5.86  at  par 
of  exchange)  per  100  pounds  dressed  weight. 
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Costs  and  returns  of  Southern  Rhodesian  chilled  beef,  November  1932 

British  pence 
per   pound 

Slaughtering,  chilling,  loading,  wrappers,  etc 0.  7506 

Railage,  Bulawayo  to  Capetown .8318 

Pierage,  cables,  etc .  0658 

Ocean  freight .  6187 

Insurance .  0658 

Expenses  in  United  Kingdom .  2873 

Shrinkage .  1976 

Total  (excluding  railage  to  Bulawayo) 2.8176 

Amount  realized  in  United  Kingdom   (fores  2.5  to  3.14  pence,  hinds  5.25 

to  6.25  pence) 4.4481 

Amount  realized  for  offal .2599 

Bounty 1.0000 

Total  revenue 5.  7080 

Net    proceeds 2.  8904 

From  these  87  cattle,  72  fores  and  68  hinds  were  rejected  on  ac- 
count of  bruising  and  for  other  reasons.  The  cost  of  marketing'  the 
rejects  was  as  follows: 

Cost  of  marketing  chilled  beef  in  Southern  Rhodesia,  November  1932 

Pence 
per  pound 

Slaughtering,   freezing,   loading,   etc 0.  6500 

Shrinkage .  1032 

Total   (for  local  sales) .7532 

Amount  realized  in  Bulawayo 2.  2971 

Amount  realized  for  offal .2599 

Total    revenue 2.  5570 

Net    proceeds 1.  8038 

This  net  return  equals  15  shillings  0.38  pence  per  100  pounds  car- 
cass weight.  The  average  net  returns,  including  rejects,  was  2.4557 
pence  per  pound,  which  equals  20  shillings  5.57  pence  per  100  pounds 
carcass  weight.  The  average  dressed  weight  of  the  carcass  was  738 
pounds,  which  brought  £7  11  shillings  0  pence  each.  The  heaviest 
lot,  averaging  821  pounds,  sold  for  2.79  pence  for  fores  and  5.69 
pence  for  hinds.  The  lightest  lot  averaged  650  pounds  per  carcass, 
and  sold  for  a  better  price,  especially  the  fores — 3.13  pence  for  fores 
and  5.72  pence  for  hinds. 

The  average  cost  of  local  railage  from  the  ranch  to  the  Bulawayo 
plant  was  12  shillings  3  pence  per  head,  but  the  railway  company 
later  agreed  to  grant  a  rebate  of  50  percent  on  all  live  cattle  sent  to 
the  cold-storage  plant  for  export  as  chilled  or  frozen  beef.  Kailage 
of  chilled  beef  from  Bulawayo  to  Capetown  amounted  to  0.8318 
pence  per  pound.  Later,  when  Union  currency  was  also  on  a  par 
with  sterling,  this  item  of  cost  was  reduced  to  0.557  pence  per  pound. 

Concerning  this  shipment,  the  senior  animal  husbandry  officer  for 
Southern  Rhodesia  observed  that  the  beef  exported  was  of  superior 
quality  considering  that  the  cattle  had  been  on  feed  for  4%  months  or 
less  and  that  the  net  returns,  exclusive  of  the  temporary  bounty, 
compared  favorably  with  prevailing  prices  in  Southern  Rhodesia, 
although  in  neither  case  were  prices  sufficient  to  cover  average 


AGRICULTURE    IN    SOUTHERN    AFRICA  113 

production  costs.  Since  that  time,  however,  marketing  costs  have 
been  reduced  and  are  likely  to  be  further  reduced. 

It  is  held  by  some  authorities  that  the  export  of  live  cattle  to  Eng- 
land will  be  more  profitable  to  Khodesian  cattlemen  in  view  of  the 
relatively  high  expenses  in  chilling  and  transporting  meat  in  small 
quantities  and  considering  the  much  higher  prices  obtainable  in  Eng- 
land for  live  cattle.  But  at  present  the  export  of  live  cattle  is 
stopped  by  veterinary  regulations.  The  export  of  live  cattle  to 
England  from  Southern  Rhodesia  was  begun  in  1925,  but  only  2,500 
head  have  been  shipped. 

Prices  obtained  for  live  cattle  exported  from  Rhodesia  before  the 
foot-and-mouth  disease  outbreak  in  1931  show  that  the  best  prices 
per  100  pounds  live  weight  were  obtained  for  steers  weighing  about 
1.100  pounds,  but  because  of  the  high  transportation  charges  per 
head,  approximately  £10  ($48.67),  the  best  net  returns  were  obtained 
for  steers  weighing  over  1,400  pounds.  Until  freight  rates  are  re- 
duced it  is  probable  that  the  best  returns  will  be  obtained  for  the 
heavier  animals.  This  observation  does  not  refer  to  chilled  or  frozen 
beef,  since  the  freight  is  charged  per  100  pounds  and  there  is  no 
particular  advantage  in  shipping  animals  that  do  not  realize  maxi- 
mum prices  overseas. 

The  chief  obstacle  to  export  of  live  cattle  to  the  United  Kingdom 
is  the  high  cost  of  ocean  freight  from  Capetown.  The  lowest  rate 
that  has  been  quoted  is  £9  ($43.80  at  par)  per  head.  In  addition,  the 
cost  of  railage  to  Capetown  is  24  shillings  ($5.84)  per  head  from 
Bulawayo  and  28  shillings  ($6.81)  from  Salisbury  on  the  basis  of  a 
full  car  and  exclusive  of  about  2  shillings  6  pence  (61  cents)  per  head 
for  feeding  and  watering  enroute.  The  total  cost  of  exporting  cattle 
on  the  hoof  in  1932  was,  therefore,  £10  6  shillings  6  pence  to  £10  10 
shillings  6  pence  ($50.25  to  $51.22),  exclusive  of  exchange.  A  reduc- 
tion of  £2  ($9.73)  per  head  is  deemed  necessary  to  make  the  trade 
profitable.  Canadian  cattle  are  carried  at  $10.80  to  $12  per  head 
from  Canadian  to  United  Kingdom  ports.  This  is  only  about  one- 
fourth  of  the  cost  of  ocean  freight  from  Capetown. 

Rhodesian  cattle  owners  are  anxious  to  obtain  access  to  the  cold- 
storage  works  at  Walvis  Bay,  either  by  a  stock-driving  route  with 
necessary  water  supplies,  or  by  the  construction  of  a  railroad  to  the 
west  coast. 

The  1932  rates  of  ocean  freight  to  European  berth  ports  as  reported 
by  the  committee  appointed  by  the  Government  of  Southern  Rhodesia 
to  investigate  and  report  on  certain  matters  relating  to  the  1932 
conference  at  Ottawa  were  as  shown  in  table  46. 

Table  46. — Ocean  freight  per  pound,  Southern  Rhodesia  to  Europe 

[Conversions  at  par] 


Item 


From  Union  berth  ports 


From  Beira 


Beef,  frozen 

Beef,  chilled 

Slaughter  cattle,  minimum  open  rates 
per  head 


d. 

16    (lHcents). 

16    (1H cents). 

plus  10  percent. 


1  (2  cents). 
1  (2  cents) 

plus  10  percent. 

£8  ($38.93). 


96389° — 35 8 
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A  meat-extract  plant  was  constructed  in  1933  at  West  Nicholson. 
Operations  were  started  in  July  1933.  About  100  cattle  were  to  be 
slaughtered  daily  for  the  manufacture  of  meat  extracts  and  bone 
meal.    The  product  is  intended  for  export  to  England. 

MARKETING    POLICIES 

In  a  normal  year  the  surplus  cattle  of  Southern  Rhodesia  are  dis- 
posed of  as  follows: 

Number 

Slaughter  cattle  for  domestic  purposes 110,  000 

Export  to  Belgian  Congo 30,000 

Export  to  Northern  Rhodesia 4,000 

Export  to  Union  of  South  Africa 8,000 

Export  overseas 30,  000 

Total 182,000 

The  exports  overseas  have  been  chiefly  to  Italy  in  connection  with 
the  Italian  army  meat  contract.  The  difference  between  disposals 
and  the  annual  rate  of  increase  of  cattle,  which  ranges  from  200,000 
to  250,000  head  per  year,  represents  the  net  gain  in  numbers.  Dur- 
ing the  quarantine  period  the  cattle  normally  exported  (70,000  to 
80.000  head)  were  also  being  added  to  existing  numbers  on  farms. 

The  Government  has  paid  a  bounty  of  one-half  penny  (1  cent)  per 
pound  on  dressed  beef  to  facilitate  export  trade.  The  total  amount 
paid  out  by  the  Government  of  Southern  Khodesia  is  as  follows  (con- 
versions at  par)  : 

Under  the  Chilled  and  Frozen  Meat  Exports  Act  of  1924__  £15,000  ($72,999) 

Under  Act  No.  34  of  1929 25,000  (121,665) 

Under  Act  No.  5  of  1931 22,  842  (111,  163) 

As  a  bounty  upon  cattle  exported  on  the  hoof  during  the 

years  1925-26  to  1931-32 5, 176  (25, 189) 

Total 68,  018     (331,  016) 

During  1930  a  bounty  of  £20,818  ($101,313)  was  paid  out  by  the 
Government  on  dressed  beef  and  £849  ($4,132)  on  cattle  exported  on 
the  hoof.  In  1931  an  act  was  passed  making  provision  for  a  levy 
of  2  shillings  6  pence  (61  cents  at  par)  per  head  on  all  animals  sold 
for  slaughter  in  the  local  and  inland  markets,  which  would  provide 
a  considerable  proportion  of  the  amount  required  for  the  overseas 
export  bounty.  This  levy  was  withheld  on  account  of  the  foot-and- 
mouth  disease  embargo  and  did  not  become  operative  until  July  1, 
1932. 

In  October  1932  the  regulations  concerning  the  collection  of  the 
levy  on  cattle  slaughterings  were  tightened.  Thereafter,  if  1  or  more 
cattle  were  slaughtered  for  sale,  barter,  or  consumption,  a  return  had 
to  be  rendered,  and  if  any  person  slaughtered  more  than  5  head  dur- 
ing the  year  beginning  July  1,  1932,  he  was  required  to  pay  the  levy 
of  2  shillings  6  pence  (61  cents)  per  head  for  cattle  and  6  pence  (12 
cents)  for  calves.  This  stopped  certain  practices  of  evasion  that  had 
been  observed. 

In  1933  legislation  was  advanced  to  secure  from  the  Government 
a  guarantee  of  a  bounty  of  three-fourths  penny  per  pound  on  stall- 
fed  and  one-fourth  penny  per  pound  on  grass-fed  cattle  exported 
overseas  during  the  current  year,  this  bounty  to  be  paid  as  far  as 
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possible  from  the  present  cattle  levy  of  2  shillings  6  pence  per  head 
on  all  slaughterings.  The  Government  guarantees  the  Rhodesian 
Cold  Storage  &  Export  Co.,  Bulawayo,  against  loss  up  to  a  total 
payment  of  £15,000  per  year.  During  1932  the  Government  was 
called  upon  to  pay  this  subsidy.  It  was  argued  that  unless  the  ex- 
port bounty  were  paid  the  volume  of  business  of  the  company  would 
again  show  a  loss  and  that  the  Government  would  benefit  by  paying 
the  bounty  to  the  cattle  producers.  Another  argument  for  such 
action  was  based  on  the  fact  that  Southern  Rhodesia,  although  han- 
dicapped by  distance  from  ports,  does  not  pay  so  large  an  export 
bounty  as  is  paid  in  the  Union,  although  the  two  currencies  were 
then  on  a  par  with  English  sterling. 

A  new  association  was  organized  in  Southern  Rhodesia  in  April 
1932  known  as  the  Rhodesia  Stock  Owners'  Association.  The  asso- 
ciation received  promise  of  support  from  cattle  companies  and  large 
stock  owners  representing  a  total  of  250,000  head  of  cattle.  The 
objects  of  the  association  are: 

To  promote,  advance,  and  protect  the  cattle  industry  of  Rhodesia  and  the 
interests  of  those  carrying  on  the  business  of  stock  breeders  and  ranchers. 

To  take  joint  action  with  other  associations  to  further  their  mutual  interests. 

To  make  representations  to  the  governments  on  matters  affecting  the  cattle 
industry,  and  to  promote  or  oppose  legislation  or  other  measures  affecting  that 
industry. 

To  give  particular  attention  to  the  marketing  of  cattle  and  sheep  with  special 
reference  to  the  export  of  chilled  and  frozen  meat  to  overseas  markets. 

The  Cooperative  Cattlemen's  Association,  Ltd.,  arranged  with 
the  Land  Bank  of  Southern  Rhodesia  for  a  system  of  insurance 
against  the  risk  that  animals  fattened  by  members  within  a  period 
of  12  months  will  not  realize  an  amount  sufficient  to  satisfy  their  lia- 
bility to  the  association  for  the  cost  of  the  cattle  plus  interest  and  the 
cost  of  administration  and  other  charges.  The  members  are  to  pay  a 
fixed  charge  of  2  shillings  6  pence  per  head.  Under  this  agreement 
a  member  derives  any  profit  realized  from  the  sale  of  his  cattle  with- 
out incurring  any  liability  to  make  good  losses  incurred  through 
export.  Steers  bought  for  fattening  at  a  cost  of,  say,  £4  plus  the 
indemnity  levy  of  2  shillings  6  pence,  an  administration  levy  of 
2  shillings  6  pence,  and  interest  on  the  amount  borrowed  from  the 
land  bank,  1  shilling  6  pence,  would  represent  a  total  cash  outlay  of 
4  pounds  6  shillings  6  pence  which  would  be  the  net  price  guaran- 
teed from  the  insurance  fund. 

Another  change  in  the  plan  of  financing  is  that,  whereas  formerly 
the  members  had  to  take  out  shares  in  the  association  on  the  basis 
of  10  shares  of  £1  each,  of  which  £1  is  paid  in  and  £9  remains  as 
contingent  liability  providing  additional  security  to  the  land  bank, 
under  the  new  scheme  a  member  must  buy  only  1  share  for  each 
head  bought  on  credit  and  for  his  £1  will  receive  a  fully  paid-up 
share,  thus  eliminating  contingent  liability. 

This  association  is  encouraging  the  fattening  of  cattle  for  sale 
during  the  early  summer  months,  August  to  December,  when  grass- 
fattened  cattle  from  the  grazing  areas  are  not  available. 

The  Rhodesian  Government  decided  in  1932  to  reduce  the  rate  of 
interest  charged  through  the  land  bank  and  the  lands  department 
from  5  percent  to  4X/2  percent  and  perhaps  to  4  percent  as  a  measure 
of  relief  to  the  farmers  of  Southern  Rhodesia. 


116     TECHNICAL   BULLETIN    4  6  6,    U.    S.    DEPT.    OF   AGRICULTURE 
NORTHERN  RHODESIA 

Agricultural  production  in  Northern  Rhodesia  is  not  likely  to 
expand  materially  in  the  near  future.  During  the  past  24  years  of 
European  settlement  the  number  of  farms  taken  up  totals  only  260, 
covering  slightly  more  than  1,000,000  acres.  Only  an  insignificant 
extent  of  land  suited  for  agriculture  remains  unoccupied,  and  large 
areas  are  suitable  only  for  grazing  livestock.  Despite  this,  there  are 
not  more  than  six  ranches  in  the  territory,  all  of  which  were  started 
a  number  of  years  ago.  There  are  only  about  12,000  Europeans  in 
the  colony,  and  most  of  them  are  employed  on  the  copper  mines  near 
the  Congo  border.  There  are  only  about  300  European  farmers  in 
the  colony.  Of  this  number,  43  are  tobacco  growers  in  the  Fort 
Jameson  area ;  the  remainder  are  chiefly  engaged  in  cattle  ranching 
or  a  combination  of  this  with  corn  production,  especially  in  the 
Kafue  Valley. 

TREND  OF  PRODUCTION 

The  colony  of  Northern  Rhodesia  is  not  likely  to  share  in  the  ex- 
pansion of  cattle  numbers  which  is  to  be  expected  in  Southern  Rho- 
desia and  in  the  Union.  About  two-thirds  of  the  colony  is  infested 
with  the  tsetse  fly,  which  makes  cattle  grazing  impossible.  The  col- 
ony is  also  threatened  with  rinderpest,  which  exists  in  the  neighbor- 
ing territory  of  Tanganyika.  Markets  are  very  limited,  and  distances 
are  too  great  for  exporting. 

There  were  97,055  European-owned  cattle  on  November  30,  1932, 
as  compared  with  388,199  native-owned  cattle.  This  represents  an 
increase  since  1929,  when  the  numbers  were  93,961  and  378,569,  re- 
spectively. The  number  of  native-owned  cattle  can  be  only  roughly 
approximated.  The  number  of  European-owned  cattle  averages 
about  250  per  farm.  The  greatest  increases  occurred  in  cows,  heifers, 
and  calves,  suggesting  a  tendency  toward  an  expansion  in  cattle  num- 
bers. Most  of  the  European-owned  cattle  (66  percent)  are  in  the 
two  districts  of  Lusaka  and  Mazabuka  in  the  lower  Kafue  Valley. 
The  localization  of  the  cattle  is  shown  in  table  47. 

The  number  of  native-owned  cattle  in  the  Mazabuka  area  is  fairly 
accurate,  but  the  number  in  Barotse  is  only  roughly  approximate. 
The  latter  is  strictly  native-reserve  land  and,  since  the  natives  view 
with  suspicious  alarm  the  desire  to  count  their  cattle,  the  counting  is 
not  undertaken  in  view  of  the  personal  risk  involved.  The  estimate 
is  based  on  observations  of  a  very  general  character.  It  is  known, 
however,  that  before  the  outbreak  of  pleuropneumonia  in  Barotse 
Province  in  1913  the  number  was  3  or  4  times  the  present  number. 

There  were  only  99,144  European-owned  cattle  in  Northern  Rhode- 
sia in  December  1931.  The  distance  from  outside  markets  practi- 
cally limits  the  production  of  cattle  to  what  can  be  consumed  in  the 
colony  and  at  the  nearby  mines  in  the  Congo.  These  farmers  and 
ranchers  are  having  a  most  difficult  time.  A  few  have  abandoned 
their  land.  The  Government  officials  are  not  encouraging  immigra- 
tion for  the  purposes  of  farming,  and  immigrants  intent  on  such  a 
venture  are  warned  against  the  difficulties  of  such  an  undertaking. 

Only  353,000  cattle  were  owned  by  the  1,372,235  natives  in  the 
colony,  or  only  1.3  head  per  family  of  5,  as  compared  with  about  6 
head  per  family  unit  in  the  native  Transkei  areas  of  the  Union.    The 
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cattle  population  of  the  colony  might  be  considerably  expanded  with- 
out supplying  more  than  the  requirements  of  the  native  population. 
Most  of  the  native-owned  cattle  are  in  Barotseland,  a  native  reserve 
in  the  western  part  of  the  colony.  No  cattle  are  allowed  to  come  out 
of  Barotseland,  for  the  occurrence  of  pleuropneumonia  in  Barotse- 
land forced  the  veterinary  authorities  to  stop  the  sale  of  cattle  from 
this  important  area. 

Table?  47. — Cattle:  Number  and  classification  in   Northern   Rhodesia,  1929-32 


Owned  by- 

District 

Europeans 

Natives 

1929 

1930 

1932 

1929 

1930 

1932 

Number 
2,928 
15,422 
22,938 
42,170 
6,384 
2,133 
1,986 

Number 
3,668 
17, 944 
25,366 
45,952 
6,209 
1,481 
2,581 

Number 

4,204 

19,033 

27,013 

37, 319 

5,317 

}      4,169 

Number 

7,173 

43, 685 

173,  241 

21,489 

25,756 

/      5,550 

I      7,294 

94,  381 

Number 

6,897 

40,058 

166,  797 

25,380 

27,105 

4.383 

8,048 

84,100 

Nu  mber 
7,596 
46,782 
174,266 
28,757 
29,205 

}      11,593 

90,000 

Total 

93,  961 

103,201 

97,055 

378,569       362,768 

388,199 

Classification 

Owned  by  Europeans 

1929 

1930 

1932 

Bulls                         --- 

Number 
1,057 
25,542 
10,  697 
39, 920 
9,041 
7,704 

Number 
1,250 
28,876 
11,285 
39, 697 
9,068 
8,963 

Number 
1,047 
26,508 
12,583 

38,656 

}          18, 261 

Total        

93.961 

i  103.  201 

97.  055 

1  Including  1,481  and  2,581  cattle  in  Abercorn  and  Isoka  districts  not  classified. 
Northern  Rhodesia  Blue  Book  {22). 

When  the  restrictions  against  cattle  from  Southern  Rhodesia  were 
relaxed,  following  the  eradication  of  East  Coast  fever,  Southern 
Rhodesia  came  to  supply  most  of  the  cattle  required  for  the  copper 
mines  of  Northern  Rhodesia  and  Belgian  Congo,  amounting  to  30,- 
000  head  in  1928  and  25,000  head  in  1930,  as  compared  with  only  800 
from  Northern  Rhodesia.  The  outbreak  of  foot-and-mouth  disease 
in  Southern  Rhodesia  has  temporarily  altered  the  situation  since 
1931. 

Dairying  is  carried  on  in  a  small  way  to  supply  the  mines,  and  a 
cooperative  company  was  started  in  1923,  but  this  failed  on  account 
of  inadequate  supplies  during  the  dry  season  and  the  low  quality  of 
the  cream  produced.  The  outcome  of  a  more  recent  creamery  ven- 
ture in  Lusaka  is  still  in  doubt.  Dairying  is  expensive  in  the  mining 
areas  because  the  cows  must  be  stall-fed  owing  to  the  absence  of  graz- 
ing or  the  presence  of  the  tsetse  fly. 


118 


METHODS   OF  PRODUCTION 


An  uninviting  picture  of  cattle  ranching  in  Northern  Rhodesia  is 
portrayed  by  a  technical  adviser.  Most  of  the  cattle  ranching  is  con- 
ducted along  the  southern  end  of  the  railroad  between  Livingstone 
and  Pemba,  where  the  soil  is  too  poor  for  cultivation.  The  carrying 
capacity  of  the  land  is  5  or  10  head  per  100  acres.  This  low  rate  is 
largely  attributed  to  the  useless  character  of  the  rank  grass  which 
grows  abundantly  for  the  greater  part  of  the  year.  As  a  result  of 
rigidly  enforced  veterinary  regulations  cattle  diseases  are  not  preva- 
lent. Frieslands  and  all  the  British  beef  breeds  have  been  tried  for 
crossing  with  native  cattle,  but  with  indifferent  results.  The  use  of 
high-grade  bulls  with  good  native  cows  is  recommended.  Cattle  are 
customarily  herded  and  kraaled  at  night  for  protection  against  wild 
animals,  but  fenced  pastures  are  now  being  recommended  among 
those  who  can  afford  to  pay  for  the  necessary  fencing. 

The  output  consists  chiefly  of  slaughter  steers  and  occasionally 
old  cows  or  surplus  heifers.  The  top  price  for  steers  has  been  about 
£8  10s.  Od.  ($41.86)  and  for  cows  £3  10s.  Od.  ($17.03).  The  local  mine 
commissaries  buy  nearly  all  of  the  supplies  for  feeding  the  native 
laborers.  Actual  figures  obtained  from  cattle  ranchers  showed  the 
cost  of  building  up  a  herd  of  3,000  head  to  be  £4  3s.  4d.  ($20.28)  per 
head  if  the  cattle  are  herded  and  kraaled,  and  £3  lis.  2d.  ($17.32) 
per  head  if  the  cattle  ranged  in  fenced  pastures.  Under  the  latter 
system  the  rancher  might  expect  a  profit  from  a  3,000-head  ranch  of 
£750  ($3,650)  per  year  over  living  expenses  and  interest  charges, 
but  before  allowing  for  oubreaks  of  epidemic  diseases.  Nothing 
more  than  living  and  interest  expenses  could  reasonably  be  expected 
from  a  herd  of  less  than  1,000  head. 

The  quality  of  the  cattle  is  very  inferior.  Cattle  are  not  slaugh- 
tered until  6  to  10  years  old,  by  which  time  their  live  weight  is  600 
to  800  pounds.  Their  dressing  percentage  is  under  50  percent — 
rarely  as  high  as  53  percent.  They  are  badly  inbred.  Zebu  blood 
is  often  evidenced  by  the  slight  hump  on  the  shoulders.  Size  is 
greatly  increased  by  crossing  with  English  cattle.  A  crossbred 
suckling  calf  (native  X  Hereford)  may  be  as  large  as  its  dam.  Euro- 
pean farmers  are  introducing  Hereford,  Sussex,  South  Devon,  and 
Ayrshire  blood.  The  last  two  are  used  with  dual-purpose  or  dairy- 
ing intentions.  Africander  bulls  from  South  Africa  are  used  to 
restore  hardihood  of  progeny.  The  native  cattle  have  acquired  im- 
munity or  resistance  to  disease,  which  it  is  difficult  to  maintain  in 
the  crossbred  progeny.  Therefore,  only  quarter-blood  bulls  are  used 
by  many  European  farmers.  The  native  cattle  in  Barotse  Province 
are  wide-horned,  nonhumped,  and  slightly  larger  than  those  in  the 
northeastern  Province,  probably  because  of  the  raids  made  on  the 
cattle  of  Boer  farmers  in  the  south  prior  to  1900. 

Cattle  diseases,  such  as  pleuropneumonia,  trypanosomiasis,  black 
leg,  anthrax,  east-coast  fever,  and  tuberculosis,  constitute  the  prin- 
cipal limitations  to  the  cattle  industry  in  Northern  Rhodesia.  The 
situation  is  aggravated  by  the  indifference  of  natives  to  the  adoption 
of  control  measures.  This  is  particularly  true  in  Barotse  Province, 
where  the  cooperation  of  the  paramount  chief  is  lacking  and  Gov- 
ernment assistance  is  not  forced  upon  them.     Elsewhere  natives  are 
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beginning  to  appreciate  the  value  of  dipping.  To  have  a  dipping- 
tank  at  the  kraal,  although  at  first  opposed,  is  now  beginning  to  be 
a  mark  of  distinction  among  natives,  like  the  ownership  of  a  wagon, 
even  if  never  used. 

Opportunity  is  taken  to  have  dipping  inspectors  act  as  agricul- 
tural advisers.  Cattle  are  dipped  weekly  by  veterinary  officers  at 
these  dipping  tanks,  and  the  cost  is  borne  by  the  taxpayers  in  Eng- 
land. The  number  of  dipping  tanks  was  increased  in  1930  from  166 
to  180,  8  of  them  in  native  reserves.  The  aim  is  to  have  dipping- 
tanks  placed  within  15  miles  of  each  other,  to  avoid  long  drives  each 
week  to  the  tank.  There  is  some  damage  to  the  grass  in  the  vicinity 
of  the  tanks.  Supplies  of  water  are  not  always  accessible  during  the 
dry  season  to  permit  the  free  movement  of  cattle.  A  compulsory 
dipping  law  contingent  upon  petitions  from  two-thirds  of  the  cattle 
owners  in  the  district  was  passed  in  1930  but  remains  inoperative 
because  of  apathy. 

Tsetse  fly  (carrying  trypanosomiasis)  claim  irregular  zones 
throughout  the  territory,  thereby  preventing  the  displacement  of 
game  animals  by  cattle  in  one-half  or  two-thirds  of  the  country.  The 
borders  of  these  zones  are  usually  sharply  defined  and  mysteriously 
permanent  except  where  the  land  is  cleared.  No  means  of  avoiding 
the  disease  in  tsetse-fly  areas  has  been  discovered,  although  the  use 
of  sodium  antimony  tartrate  is  general  as  a  palliative,  especially  in 
the  Fort  Jameson  area. 

The  carrying  capacity  of  the  range,  considering  the  long  dry  sea- 
son, is  about  15  acres  per  head.  Deaths  from  malnutrition  often 
occur  among  old  cows  and  weaners  toward  the  end  of  the  dry  season 
or  following  veld  fires.  Corn  is  not  fed  to  cattle,  although  tests  in- 
dicate that  results  from  this  practice  were  gratifying,  but  the  market 
for  better  finished  beef  is  very  small.  The  pasture  grasses  are  prob- 
ably deficient  in  certain  necessary  minerals,  and  bone-meal  feeding 
gives  conspicuous  benefits. 

Attempts  are  being  made  by  the  Government  to  establish  the 
native-cattle  industry  on  a  sound  basis,  but  progress  is  slow.  In 
1931  one  dipping  tank  stood  unused  because  the  headman  of  that 
kraal  of  natives  refused  to  allow  his  people  to  dip  their  cattle,  even 
though  some  were  anxious  to  do  so.  There  is  a  general  indifference 
among  the  natives  concerning  cattle  improvement.  Grazing  lands 
are  poorly  chosen,  too  many  males  remain  uncastrated,  old  cows  are 
kept  until  they  die  from  feed  shortage  or  in  calving,  and  animals  for 
sale  are  chosen  at  random  without  regard  to  condition.  Certain 
headmen  who  have  responded  to  the  Government's  program  of  dip- 
ping and  management  have  been  presented  with  quarter-blood  bulls 
as  further  means  of  improving  the  progeny. 

For  the  benefit  of  both  Europeans  and  natives,  a  research  station 
was  established  at  Mazabuka  during  1928-29.  Valuable  investiga- 
tions of  disease  control,  poisonous  weeds,  feeding,  and  breeding,  have 
been  undertaken. 

METHODS   OF   MARKETING 

The  principal  market  for  cattle  of  Northern  Ehodesia  is  at  the 
mines  around  Ndola  and  in  Belgian  Congo.  There  were  2,123  cattle 
exported  to  the  Congo  in  1929  and  800  in  1930.     There  were  also 
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12,628  cattle  moved  to  mining  areas  in  the  territory  for  slaughter 
during  1930.  Most  of  these  came  from  Mazabuka  and  Lusaka.  The 
number  of  cattle  slaughtered  is  small  in  relation  to  the  numbers  kept, 
because  of  the  extreme  age  at  which  maturity  is  reached.  The  mining 
areas  consumed  18,000  head  from  all  sources  in  1930,  most  of  which 
were  produced  by  natives.  With  the  curtailment  of  copper-mining 
activity  this  market  outlet  was  curtailed. 

The  prices  obtained  for  ordinary  cattle  are  very  low.  Mine  con- 
tractors buy  at  auction  at  local  markets  or  by  private  treaty  from 
country  storekeepers.  A  cooperative  association  for  the  marketing 
of  all  stock,  including  that  bought  from  natives  by  the  country  traders 
was  proposed  as  a  means  of  dealing  more  efficiently  with  contractors. 
A  feature  of  the  proposed  scheme  was  sale  by  weight  instead  of  by 
head  or  lot.  It  was  hoped  that  premiums  for  quality  would  be  more 
real  and  more  obvious,  and  encourage  better  feeding  and  care.  In 
August  1931,  40  cattle  producers  formed  the  new  society. 

GOVERNMENT  AIDS 

It  has  already  become  necessary  to  support  artificially  the  small 
cattle  industry  of  Northern  Rhodesia.  The  Governor,  in  accordance 
with  the  terms  of  the  customs  agreement  between  Northern  Rhodesia 
and  the  Union  of  South  Africa,  has  brought  into  operation  a  clause 
prohibiting  importation  of  cattle  on  the  hoof  if  they  are  below  a 
certain  weight.  A  certificate  must  also  show  that  the  meat  is  of 
prime  quality.  Looking  toward  the  time  when  the  foot-and-mouth 
disease  embargo  against  Southern  Rhodesia  will  be  lifted,  the  Gov- 
ernor has  also  taken  steps  to  determine  some  means  of  prohibiting 
the  entrance  from  Southern  Rhodesia  and  Bechuanaland  of  cattle 
on  the  hoof  below  a  certain  weight,  or  of  frozen  and  chilled  meat 
below  a  certain  weight.  Northern  Rhodesia  is  anxious  to  keep  its 
limited  markets  at  the  copper  mines  for  itself  exclusively. 

TANGANYIKA 

The  Department  of  Agriculture  of  Tanganyika  reports  the  follow- 
ing census  of  livestock  for  the  year  1931.  These  animals  are  owned 
almost  exclusively  by  natives.  The  number  of  cattle  is  about  half 
as  large  as  that  in  the  Union  and  practically  equal  to  the  number 
in  Kenya. 

Livestock  numbers  in  Tanganyika,  11  SI 

Cattle 5,  099,  438 

Sheep 2,  233,  287 

Goats 3,250,  783 

Pigs 3,  300 

Donkeys 50,  733 

Horses 87 

Mules 99 

Camels 56 

Despite  this  large  number,  the  foreign  trade  is  negligible.  Ex- 
ports of  all  hides  and  skins  have  ranged  between  5  and  15  percent 
of  the  total  value  of  all  exports  (table  48). 
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Table  48. — Hides  and  skins:  Exports  from  Tanganyika,  1913  and  1926-30 


Quantity 

Value 

Year 

Quantity 

Value 

Year 

Total 

Percent- 
age of  all 
exports 

Total 

Percent- 
age of  all 
exports 

1913      

1,000  lb. 
7,741 
4.694 
6,250 

1,000  dol. 

1,336 

800 

1,163 

15.4 
5.3 
7.0 

1928 

1929 

1930-.--"! 

1,000  lb. 
7,375 
5,711 
4,690 

1,000  dol. 

1,824 

1,085 

601 

9.3 

1926                -     - - 

5.9 

1927            

4.7 

Tanganyika  Territory,  Department  of  Agriculture,  annual  report  1930  (40). 

Cattle  diseases,  especially  trypanosomiasis  and  rinderpest,  are 
serious  checks  to  the  development  of  a  commercial  cattle  industry. 
The  Leeds  afforestation  authorities  have  given  valuable  assistance 
to  the  department  of  tsetse  research  in  Tanganyika  by  the  experi- 
ments they  have  undertaken.  It  has  been  proved  that  open  coun- 
tries, free  from  all  trees  and  scrub  will  not  hold  the  kind  of  fly  that 
occurs  in  Tanganyika.  Clearings  are  therefore  extremely  valuable 
in  exterminating  the  pest.  Most  drastic  measures  failed  to  dispose 
easily  of  the  savannah  bush,  which  covers  the  greater  portion  of  the 
territory,  but  an  injection  of  poison  into  the  tree  trunk  has  been 
found  to  result  in  the  early  death  of  the  tree  and  may  help  to  clear 
great  areas  of  bush  land  at  small  cost. 

KENYA 

In  1930  there  were  5,192,824  cattle  in  Kenya,  representing  an  aver- 
age of  1  to  28  acres,  the  same  as  in  the  Union  of  South  Africa,  but 
in  Kenya  nearly  all  the  cattle  are  owned  by  natives. 

The  number  of  cattle  owned  by  Europeans  increased  from  161,210 
in  1921  to  259.188  in  1933,  an  increase  of  slightly  more  than  60  per- 
cent. The  upward  tendency  still  continues.  Cattle  are  much  more 
important  numerically  than  sheep.  The  number  of  wooled  sheep 
owned  by  Europeans  in  Kenya  increased  from  133,916  in  1924  to 
203,372  in  1933.  The  rate  of  increase  was  approximately  the  same 
as  that  for  cattle,  but  since  1929  there  has  been  no  further  tendency 
toward  an  increase  in  wooled  sheep  numbers.  In  1933  European 
farmers  also  owned  36,134  nonwooled  sheep,  which  is  practically 
the  same  number  as  in  1924.  Kenya  will  continue  to  produce  more 
beef  and  dairy  products  than  wool  and  mutton. 

The  number  of  cattle  owned  by  Europeans  in  1933  included 
68,653  work  oxen  and  152,594  breeding  cattle.  Of  the  latter,  1  per- 
cent were  purebred,  74  percent  were  grades,  and  25  percent  were 
native  stock.  The  purebred  cattle  were  chiefly  Shorthorn,  Fries- 
land,  and  Aryshire.  Most  of  the  cattle  are  kept  for  beef  purposes, 
but  the  annual  output  is  small.  In  1932-33  farmers  in  Kenya  sold 
only  9,904  cattle  for  slaughter  which  was  23  percent  less  than  the 
number  sold  2  years  before.  Death  accounted  for  more  cattle  than 
slaughterings.  In  1932-33  European  farmers  lost  by  death  22,542 
cattle,  of  which  east  coast  fever  caused  17  percent,  and  rinderpest 
4  percent. 
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Dairying  is  of  minor  importance.  Butter  produced  for  sale  by- 
creameries  or  on  farms  has  amounted  to  1,778.876  pounds  in  1932-33. 

Cattle  owned  by  natives  in  1930  numbered  4,965,963.  This  was  the 
first  serious  attempt  to  enumerate  livestock  owned  by  natives, 
although  it  had  been  estimated  in  1928  that  the  natives  owned 
approximately  3,500,000  head.  The  tendency  is  definitely  upward, 
although  not  as  much  as  this  comparison  would  indicate.  Goats  are 
second  and  sheep  third  in  importance  among  the  natives.  In  1930 
the  natives  owned  4,321,543  goats  and  2,996,828  sheep.  These  figures 
include  a  relatively  small  number  owned  by  native  squatters  on  the 
farms  of  Europeans  in  Kenya. 

Exports  of  live  cattle  are  insignificant,  but  for  a  long  period 
exports  of  hides  have  been  exceeded  in  value  only  by  coffee,  sisal, 
and  corn.  The  development  of  the  cattle  industry  is  retarded  by 
the  occurrence  of  serious  cattle  diseases,  such  as  rinderpest,  f  oot-and- 
inouth  disease,  east-coast  fever,  pleuropneumonia,  trypanosomiasis, 
and  anthrax. 

UGANDA 

In  Uganda,  cattle  represent  the  principal  type  of  livestock  produc- 
tion, which  is  almost  entirely  in  the  hands  of  natives.  In  1931  there 
were  2,064,745  cattle,  as  compared  with  2,112,978  goats  and  907,582 
sheep.  The  number  of  cattle  increased  slightly  betwen  1930  and 
1931.  Hides  represent  almost  the  only  commercial  output  of  these 
cattle. 

Most  of  the  cattle  are  located  in  the  southeastern  part,  in  the 
extreme  southwestern  corner,  and  in  the  extreme  northeastern 
corner. 

Conditions  affecting  the  probable  future  development  of  the  cattle 
industry  are  generally  similar  to  those  discussed  in  connection  with 
Kenya. 

DAIRY  PRODUCTS 

UNION  OF  SOUTH  AFRICA 

TREND  OF  PRODUCTION 

The  Union  of  South  Africa  has  about  750,000  European-owned 
cows  that  are  milked — 707,280  according  to  the  1925  census.  This 
number  is  small  as  compared  with  the  10,500,000  cattle  of  all  kinds, 
including  5,500,000  native-owned  cattle.  From  the  latter,  milk  pro- 
duction is  negligible.  Most  South  African  cattle  are  nondescript 
and  poorly  suited  for  dairy  purposes.  In  1925  census  returns,  cov- 
ering 82  percent  of  all  European-owned  cattle  in  the  Union,  revealed 
only  913,000  head  (32  percent  of  the  breeding  stock  reported)  of 
breeding  cattle  to  be  distinguishable  as  purebreds  or  grades  of 
known  breeds.  Friesland  (Holstein)  cattle  predominated;  Ayr- 
shires,  Jerseys,  and  Red  Polls  were  much  less  numerous. 

Over  30,000,000  pounds  of  butter  and  10,000,000  pounds  of  cheese 
are  annually  produced  in  the  Union.8  This  is  about  one-third  as 
much  butter  as  is  produced  in  our  Southwestern  States  of  similar 


8  Census  reports  of  butterfat  sold  by  European  farmers  are  about  10  percent  too  low, 
judging  by  apparent  and  actual  overrun  of  butter  manufactured  in  creameries.  Census 
reports  also  appear  to  be  too  low  in  the  case  of  wool,  fruit,  and  Turkish  tobacco.  Exports 
or  receipts  by  handlers  exceed  the  quantities  enumerated  by  the  census, 
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area.  Dairying  will  never  develop  as  a  predominating  enterprise 
as  it  has  in  New  Zealand  and  Wisconsin,  but  it  will  probably  de- 
velop to  the  extent  that  it  has  in  our  Southwestern  States.  Land 
is  practically  untaxed,  hence  nearly  all  of  the  land,  except  that 
in  native  reserves,  is  privately  owned  in  large  farms  or  ranches. 
Such  extensive  farming  methods  are  not  conducive  to  dairying. 

The  chief  obstacles  to  the  development  of  the  dairy  industry  are 
(1)  scrub  bulls,  (2)  insufficient  feed  especially  during  the  dry 
winter  months,  (3)  allowing  calves  to  run  with  milk  cows,  and  (4) 
inefficiency  on  the  part  of  the  native  laborers.  The  official  survey 
in  1925  revealed  the  fact  that  only  10  to  15  percent  of  the  bulls  were 
purebred,  and  in  no  area  were  more  than  32  percent  of  the  bulls 
purebred. 

Classification  of  distinguishable  lyreeds  in  the  Union  of  South  Africa,  1925 

Percentage 
of  total  im- 

Breeds,  purebred  and  grade:  Proved  cattle 

Friesland  (Holstein) 44.  3 

Shorthorn 21.  8 

Africander 16.  8 

South  Devon 8.0 

Aberdeen  Angus 2.  4 

Ayrshire 1-7 

Hereford 1-7 

Red  Poll .9 

Jersey •  7 

Brown  Swiss .  6 

Sussex •  5 

North  Devon .  o 

Other  breeds •  1 

Total 100.0 

The  first  creamery  in  the  Union  of  South  Africa  was  established 
in  1892  at  Bedford,  near  Port  Elizabeth.  After  the  first  power- 
driven  manufacturing  machinery  was  installed  and  cream  testing 
was  begun  other  creameries  soon  followed  in  1896.  Dairying  was 
encouraged  by  the  Government,  especially  after  1903,  so  that  butter 
imports  dropped  from  11,192,667  pounds  in  1906  to  3,606,503  pounds 
in  1910.  Imports  of  butter  practically  disappeared  by  1917-18,  but 
increased  again  to  more  than  4,000,000  pounds  in  1927-28  (fig.  35). 
At  that  time  the  Board  of  Trade  and  Industries  of  the  Union  of 
South  Africa  conducted  an  extensive  inquiry  into  the  dairy  industry, 
and  formulated  plans  for  increasing  the  efficiency  of  creamery  opera- 
tion and  improving  the  returns  to  producers.  As  a  result  of  this 
and  other  factors,  especially  the  farming  depression  since  1929,  pro- 
duction of  creamery  butter  has  greatly  increased  and  imports  have 
again  become  of  negligible  importance. 

Butter  exports  have  become  increasingly  important,  and  in  1929-30 
they  amounted  to  4,791,000  pounds,  which  is  by  far  the  highest  figure 
on  record  (fig.  35).  The  increase  in  production  has  come  only 
slightly  from  the  production  of  farm  butter.  The  great  increase  is 
attributed  to  creamery  manufacture.  A  system  of  paying  export 
bounties  on  butter  and  cheese  exports  was  begun  in  1930.  These 
funds  are  derived  from  the  levy  on  all  production,  so  that  until  ex- 
ports become  much  larger  in  proportion  to  the  total  production  than 
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at  present,  there  will  be  a  strong  and  persistent  influence  favoring 
the  expansion  of  butter  and  cheese  production.  This  tendency  is 
being  augmented  by  increasing  efficiency  in  the  manufacture  of  but- 
ter which  is  traceable,  chiefly,  to  increasing  volume  per  factory. 
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FIGURE     35.— BUTTER:    PRODUCTION,     CONSUMPTION,     EXPORTS,    AND     IMPORTS, 
UNION  OF  SOUTH  AFRICA,    1910-11   TO    1933-34. 

Factory  production  and  exports  of  butter  have  increased  rapidly  since  1929. 

The  manufacture  of  cheese  has  also  played  an  important  part  in 
the  expansion  of  the  dairy  industry,  but  its  growth  has  been  less 
rapid  than  that  of  butter' (fig.  36).     In  1910  practically  all  of  the 
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figure  36.— cheese:  production,   consumption,   exports,   and   imports, 
Union  of  South  Africa,  1910-11  to  1933-34. 

Production  and  consumption  have  increased  slowly  since  1920. 

cheese  consumption  in  the  Union  was  imported.  Imports  amounted 
to  nearly  5,000,000  pounds  per  year  until  1915-16.  During  the  5 
years  following  1910-11,  the  production  of  cheese  increased  from 
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545,000  pounds  to  1,975,000  pounds.  During  this  period  the  produc- 
tion of  factory  cheese  and  farm  cheese  was  about  equally  important. 
Within  the  next  2  or  3  years,  however,  factory  production  increased 
to  about  5,000,000  pounds,  while  farm  production  dropped  to  about 
250,000  pounds  and  imports  practically  disappeared.  Since  that 
time,  the  farm  production  of  cheese  has  remained  unimportant, 
whereas  factory  production  has  increased  to  the  record  figure  of 
9,310,000  pounds  in  1930-31.  Exports  of  cheese  were  unimportant 
until  1929-30,  when  the  total  reached  1,825,000  pounds.  The  present 
tendency  continues  upward,  except  as  interrupted  by  years  of 
drought. 

There  are  110  registered  cheese  factories  in  which  the  1930-31 
average  production  per  factory  was  81,000  pounds  of  cheese.  This 
enumeration  does  not  include  private  cheese  factories  conducted  by 
farmers  who  do  not  treat  more  than  75  gallons  of  milk  per  day.  The 
output  per  factory  has  been  increasing,  as  may  be  judged  from  the 
fact  that  in  1927  there  were  150  factories  producing  only  6,000,000 
pounds  of  cheese  or  an  average  of  40,000  pounds  per  factory.  From 
the  records  of  the  board  of  trade  and  industries  in  1927,  it  appeared 
to  be  improbable  that  there  was  a  single  cheese  factory  the  annual 
output  of  which  exceeded  200,000  pounds.  The  factory  returns  for 
February  1932  show  that  out  of  a  total  production  of  911,810  pounds 
of  cheese,  Cheddar  constituted  705,096  pounds  and  Gouda,  primarily 
for  local  consumption,  185,049  pounds.  Other  types,  including 
Roquefort  and  Kraft,  amounted  to  21,665  pounds.  In  1927  there 
were  19  factories  making  Gouda  cheese  only. 

The  expansion  in  cheese  production  will  be  reflected  in  increased 
exports  since  cheese  consumption  in  the  Union  is  not  expanding. 
Despite  increased  population,  the  Union  in  1927  did  not  consume  as 
much  cheese  as  it  did  12  years  previously.  Assuming  that  all  of  the 
cheese  in  the  Union  is  consumed  by  Europeans,  which  overstates  the 
case,  consumption  per  capita  was  3.53  pounds  in  1924^-25  as  compared 
with  4.2  pounds  in  the  United  States,  9.8  pounds  in  the  United 
Kingdom,  and  26.4  pounds  in  Switzerland.  Consumption  of  cheese 
in  the  Union  in  1929-30  was  less  than  in  1913-14,  in  marked  con- 
trast to  the  consumption  of  butter,  which  increased  within  the  same 
period  from  14,000,000  pounds  to  26,000,000  pounds.  The  consump- 
tion of  both  butter  and  cheese  was  smaller  in  1929-30  than  in  the 
peak  year  1928-29. 

BUTTER  QUALITY 

Generally  speaking,  South  African  butter  is  of  poor  quality  (table 
49).  The  cream  received  at  each  creamery  and  the  butter  manufac- 
tured must  be  graded  according  to  official  standards.  The  butter 
submitted  for  export  is  subsequently  regraded,  often  degraded,  at  the 
ports  by  Government  graders.  The  reliability  of  the  grading  done 
by  Government  inspectors  in  South  Africa  is  attested  by  check 
grading  in  London. 

South  African  butter  sells  in  London  at  prices  about  one-third 
lower  than  prices  for  Danish,  considerably  lower  than  New  Zealand 
and  Australian  butter,  and  even  slightly  lower  than  Russian  butter. 
The  causes  of  low  quality  are  deep-seated.  Among  them  are  the 
following:  (1)  Small  dairy  herds  and  infrequent  delivery  of  cream, 
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(2)  sparsity  of  farming  population  and  long-distance  transportation, 

(3)  native  labor  on  farms  and  careless  handling  of  milk  and  cream, 

(4)  inexperience  on  the  part  of  new  producers  and  factories,  (5)  in- 
effective cooling  of  cream  on  farms,  (6)  overgrading  of  cream  by 
overanxious  creameries,  and  (7)  lack  of  pasteurization  at  the 
creameries. 

Table  49. — Creamery  butter:  Classified  by  grade,  in  the  Union  of  South  Africa, 

1930-31 


Item 

First  grade 

Second  grade 

Third  grade 

Cooking  grade 

Total 

Butterfat  bourrlit 

1,000 
pounds 
10, 922 
12,  410 

Cases 

17,  278 
3,138 

1,000 
pounds 
176 

Per- 
cent 
63 
60 

32 
6 

6 

1,000 

pounds 

4,922 

6,063 

Cases 
34, 208 
31, 330 

1,000 

pounds 

1,755 

Per- 
cent 
28 
29 

64 

58 

C2 

1,000 

pounds 

1,-547 

2,151 

Cases 
2,163 
16, 105 

1,000 
pounds 
902 

Per- 
cent 
9 
11 

4 
30 

32 

1,000 
pounds 
55 
93 

Cases 

Per- 
cent 
(') 

0) 

1,000 
pounds 
17,  446 
20,  717 

Cases 
53,  649 
53,  649 

1,000 

pounds 

2,833 

Per. 
cent 

100 
1C0 

Butter  submitted  for  export  .'. 
Grade  as  officially  classed 

100 

3,076 

1,000 
pounds 

6 

100 
100 

Less  than  0.5  percent. 


METHODS  AND   COSTS  OF  MARKETING 


Creamery-operating  expenses  are  relatively  high  owing  to  the 
small  volume  of  business  per  creamery.  In  the  Union  there  are  59 
creameries  producing  about  20,000,000  pounds  of  butter  per  year,  an 
average  of  about  330,000  pounds  per  creamery.  By  way  of  compari- 
son, in  the  United  States  there  were,  in  1932,  4,424  creameries  which 
produced  1,694,132,000  pounds  of  butter,  an  average  of  383,000 
pounds  per  creamery. 

The  largest  factory,  which  is  located  at  Vryburg,  has  an  annual 
output  of  approximately  2,500,000  pounds.  In  1925  only  six  cream- 
eries in  the  Union  had  outputs  exceeding  500,000  pounds  and  the 
highest  was  719,800  pounds.  An  attempt  is  made  to  prevent  exces- 
sive competition  by  refusing  official  registration  to  creameries  located 
in  close  proximity  to  creameries  already  established. 

The  board  of  trade  and  industries  has  reported  : 

Unreasonable  rivalry  has  loaded  dairying  with  redundant  creameries,  cream 
depots,  and  cheese  factories.  The  unsound  position  thus  created  is  aggravated 
so  far  as  the  creameries  are  concerned  by  such  practices  as  touting  for  supplies, 
paying  transport  charges  on  cream  (some  of  it  carried  ridiculously  long  dis- 
tances) and  the  false  grading  of  cream.     Thereby  costs  have  been  forced  up. 

The  Government  is  attempting  to  concentrate  the  volume  in  a 
small  number  of  creameries.  During  1931-32  the  dairy  industry 
control  board  considered  6  applications  for  new  creamery  licenses 
and  16  for  new  cheese-factory  licenses  but  the  board  approved  the 
issue  of  only  1  creamery  license  and  3  cheese-factory  licenses. 

A  conference  of  creamerymen  from  the  Union  and  South-West 
Africa  was  held  in  May  1933  to  devise  ways  and  means  to  stabilize 
butter  prices  both  in  and  out  of  the  Union.  A  plan  was  drawn  for 
the  appointment  of  approved  agents  and  the  pooling  of  products  in 
different  grades  on  a  voluntary  basis.     According  to  this  plan,  a 
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butter  stabilization  company  is  to  be  formed  which  will  be  controlled 
by  the  dairy  industry  control  board,  although  this  board  will  not 
actually  handle  the  products.  Manufacturing  companies  are  to  nom- 
inate distributing  agents  for  approval  of  the  board.  These  accred- 
ited agents  will  be  required  to  submit  monthly  reports  of  the  butter 
output  and  sales,  and  quantities  carried  over.  Each  month's  sales 
will  constitute  a  separate  pool,  and  export  sales  will  be  kept  sep- 
arate from  local  sales.  Any  factory  whose  average  price  for  any 
grade  exceeded  the  average  equalization  price  for  that  grade  will 
return  the  excess  to  the  board  for  distribution  between  the  factories 
in  or*der  to  equalize  returns.  In  the  case  of  export  butter  the  net 
price  at  the  port  will  be  taken  into  equalization  so  it  will  not  matter 
which  factory  sells  locally  and  which  exports.  The  bounty  will  be 
added  to  the  net  price  of  export  butter. 

The  chairman  at  the  conference  was  the  Secretary  for  Agriculture, 
and  the  chief  sponsor  for  the  plan  is  the  president  of  the  South 
African  Agricultural  Union  and  a  member  of  the  dairy  industry  con- 
trol board,  from  which  it  follows  that  this  additional  plan  for  price 
fixing  is  likely  to  be  put  into  operation. 

As  a  further  step  in  maintaining  prices,  the  board  adopted  the 
scheme  of  advertising  to  encourage  a  greater  consumption  of  butter 
and  cheese  in  the  Union. 

The  creamery  industry  has  derived  considerable  benefit  from  the 
sales  organization — South  African  Cooperative  Creamery  Associa- 
tion, Ltd.  (Sacca).  In  1927  this  organization  marketed  approxi- 
mately 50  percent  of  the  Union's  creamery  production.  Butter  is 
handled  by  this  organization  on  the  pooling  system,  whereby  all  sales 
are  made  by  Sacca  at  uniform  prices.  The  creameries  may  sell  but- 
ter locally,  but  such  sales  are  brought  into  the  pool,  the  creamery 
being  credited  with  2-percent  commission,  and  all  member  creameries 
share  in  the  benefit  if  high  prices  are  realized  on  such  local  sales. 
If  a  creamery  sells  butter  at  less  than  the  ruling  price  it  must  pay 
the  difference  into  the  Sacca  pool.  At  least  5-percent  commission  is 
charged  on  all  sales,  and  any  surplus  is  rebated  at  the  end  of  the 
year  to  the  member  creameries.  Sacca's  customers  are  generally  re- 
tailers, but  butter  is  sometimes  sold  to  wholesalers  and  speculators. 
On  export  butter,  Sacca's  London  agents  have  been  paid  2  percent. 
Another  agency  at  Johannesburg  distributes  for  a  number  of  cream- 
eries at  a  maximum  commission  of  7y2  percent.  Exportation  is  also 
handled  at  this  rate  divided  as  follows : 

Percent 

Johannesburg  house 4% 

London  selling  agent 2 

London  buying  office 1 

Cold-storage,  cartage,  railage,  and  insurance  are  paid  by  the  cream- 
eries, but  the  agents  take  the  risk  of  bad  debts. 

The  cost  of  marketing  South  African  butter  in  London,  the  prin- 
cipal destination,  as  indicated  by  an  actual  consignment  in  1932 
(table  50),  was  3.8  pence  per  pound,  of  which  2.2  pence  represented 
loss  on  foreign  exchange,  an  item  not  included  in  1933.  With 
South  African,  English,  and  American  currencies  at  par,  the  cost 
would  be  about  3y2  cents  per  pound, 
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Table  50. — Butter:  Cost  of  marketing  7,728  pounds,  South  Africa  to  London 

1932 


Receipts,  expenses,  and  net  return 

Actual  cost 

Cost,  gold 
basis 

Cost  per 
pound 

Receipts: 

Proceeds  of  sale..  ..      ...     '  _  _     ...      .... 

£ 
303 
20 

s 

14 
17 

d 
0 
0 

Dollars 
1, 096.  36 
101. 47 

Cents 
14.2 
1.3 

Subsidy,  at  10  percent.     . 

Total ..    ..    ... 

324 

11 

0 

1, 197.  83 

Expenses  in  South  Africa: 

Railage,  Bethlehem  to  Durban + 

Cold  storage,  etc ...  .      .    _. 

8 
5 

1 

2 
18 
0 
0 
0 
0 

1 

0 
3 

7 

70 
203 

5 
15 
17 

10 
18 
0 
12 
0 
1 
1 
0 
16 
11 
8 
9 

11 

9 
6 

7 
0 
7 
6 
0 
6 
4 
9 
5 
10 
U 
2 

40.37 
28.16 
9.14 

9.14 

68.23 

.11 

2.24 

.09 

.27 

3.85 

.14 

13.80 

27.41 

.5 

«•        4 

Grading  charges..     ............         .               ...  . 

1 

London  charges:  i 

Discount  to  buyers.  ....      ....         

1 

Freight...    -  ...      .    .. 

9 

Interest  on  freight ..  .-    .  ..  .    .      .                         ..  .. 

001 

03 

001 

003 

Cartage  from  railway  to  store.  .......          . ._-.._     ..     _ 

.05 

Weighing,  delivery,  etc 

.001 
.2 

.4 

988.14 

12.8 

Total                                                     

324 

11 

0 

2  1, 191.  08 

2  15.4 

1  Converted  at  rates  prevailing  at  time  of  shipment,  $3.61. 

2  Slight  difference  due  to  fractions  in  converting  to  gold  basis. 

An  analysis  of  costs  of  manufacturing  cheese  in  the  years  1923-25 
shows  that  manufacturing  expenses  of  12  cheese  factories  averaged 
4.7  cents ;  administration  costs,  2.5  cents ;  selling  expenses,  1.8  cents ; 
total  costs,  9  cents.  To  this  must  be  added  the  average  cost  of  milk, 
6.6  cents,  making  a  total  cost  of  15.6  cents  per  pound  of  cheese. 
This  was  almost  exactly  the  average  selling  price  of  the  cheese  manu- 
factured by  these  factories. 

In  1927  several  fairly  large  agencies  were  handling  cheese.  One  of 
these  sold  on  a  2i/rpercent  commission  basis,  the  factory  taking 
credit  risks.  Other  agencies  charged  commissions  of  5  percent  and 
7^2  percent,  depending  on  the  size  of  the  account. 

The  relation  between  the  prices  paid  for  butter  fat  and  the  average 
market  prices  for  butter  and  cheese  are  shown  in  table  51. 


TABLE  51.- 


-Butter,  cheese,  and  butterfat:  Price  per  pound  in  the  Union  of  South 
Africa,  1919^30 


Butter 

Cheese 

Butterfat 

Year 

Butter 

Cheese 

Butterfat 

Year 

First 

Second 

Third 

First 

Second 

Third 

grade 

grade 

grade 

grade 

grade 

grade 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

Cents 

1919 

40 

28 

38 

34 

30 

1925 

31 

28 

34 

30 

26 

1920 

53 

32 

57 

55 

51 

1926 

36 

28 

30 

28 

24 

1921 

53 

32 

49 

44 

40 

1927 

56 

28 

37 

34 

31 

1922 

34 

24 

32 

28 

24 

1928 

49 

34 

39 

35 

32 

1923 

34 

24 

32 

30 

28 

1929 

44 

31 

36 

32 

28 

1924 

40 

27 

36 

34 

30 

1930 

34 

25 

28 

24 

20 

Agricultural  Census  Report  (48,  no.  12). 
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GOVERNMENT   AIDS 

In  1930  the  Union  Government  enacted  the  Dairy  Industry  Control 
Act,  which  created  the  dairy  industry  control  board  with  power  to 
regulate  the  butter  and  cheese  trade  by  a  system  of  licenses,  to  impose 
a  processing  tax  on  the  creameries  and  cheese  factories,  to  require  cer- 
tain quotas  to  be  exported,  and  to  pay  export  bounties  on  butter  and 
cheese  exports.  The  processing  tax  (levy)  was  fixed  at  1  penny  (2 
cents)  per  pound  of  butter,  butter  substitutes,  and  cheese,  either  man- 
ufactured in  the  country  or  imported.  The  levy  is  not  collected  on 
the  first  50  pounds  of  farm  butter  sold  by  any  farmer  during  any  one 
month.  The  bounty  rates  have  been  paid  at  variable  levels  according 
to  the  volume  of  exports  over  which  the  levy  fund  could  be  spread, 
but,  generally  speaking,  the  bounties  have  been  about  10  cents  per 
pound.  A  higher  bounty  is  paid  for  higher  quality  products  (table 
52). 

The  total  amount  of  bounty  paid  on  butter  exports  during  the  year 
ended  June  30,  1932,  was  £148,237  ($721,410)  and  on  cheese  £26,458 
($128,761) .  The  effect  of  the  bounty  has  been  to  raise  domestic  prices 
well  above  export-price  parity. 


Table  52. — Butter  and  cJieese:  Export  bounties  in  ; 
Union  of  South  Africa  at  various 

uence  per 
periods1 

pound  paid  in  the 

Date  effective 

Grade 

Oct.  1, 1930 

Dec.  19, 
1930 

Nov.  15, 
1931 

Feb.  1, 
1932* 

Sept.  1,  1932 

Nov.  15, 
1932 

Butter: 

First 

d. 
6 
4 
3 

d. 

8 
6 
4 

d. 

m 

4 

3K 
3 

d. 

7 
6 

4 

6 
5 
4 

d. 

6 
5 
3 

6 
5 
4 

d. 

5 

Second... 

4 

Third 

2 

Cheese: 

First 

5 

Second.. 

3K4 

3 

4^ 

Third... 

4 

1  The  bounties  in  cents  are  double  the  pence  figures. 
^  2  Subject  until  Sept.  1  to  certain  minimum  prices  being  paid  for  the  3  grades  of  butterfat  (10,  9,  and 
7  pence;  formerly  12,  11,  and  9  pence).    Minimum  price  for  cheese,  5  pence  (10  cents)  per  Imperial  gallon 
or  1  shilling  2  pence  (28  cents)  per  pound  of  butterfat. 

SOUTHERN  RHODESIA 

TREND  OF  PRODUCTION 

Dairying  is  of  recent  introduction  in  Southern  Rhodesia  except 
for  local  milk  supplies,  but  today  nearly  half  the  farms  produce 
dairy  products.  The  first  creamery  was  established  in  1913,  but 
there  were  8  creameries  in  1931  which  produced  over  1,000,000  pounds 
of  butter  per  year,  and  4  cheese  factories  and  30  cheesemaking 
farmers  producing  about  150,000  pounds  of  cheese  (table  53).  The 
total  milk  production  on  about  1,200  farms  where  dairying  is  prac- 
ticed to  some  extent  was  5,812,000  gallons  in  1927  and  4,929,000  in 
the  dry  year  1928.  There  was  a  net  export  movement  of  552,000 
pounds  of  butter  in  1927,  321,000  pounds  in  1928,  and  832,514  pounds 
in  1930.  Of  cheese,  however,  there  was  a  net  import  movement  of 
135,000  pounds  in  1927,  190,000  pounds  in  1928,  and  118,017  pounds 
in  1930. 

96389°— 35 9 
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Table  53. — Butter  and  cheese:  Factory  production,  by  months,  1930  to  July  1934 


Year  and  month 


Union  of  South  Africa 


Butter 


Cheese 


Butter 


Southern 
Rhodesia 


South-West 
Africa 


Bechuana- 
land 


1930 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

1931 

January 

February ... 

March 

April . 

May 

June. 

July 

August 

September 

October 

November ... 

December 

Total 

1932 

January _ 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

1933 

January 

February 

March.. 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

1934 

January 

February 

March 

April 

May 

June.. 

July 


1,000  pounds 

2,732 

2,415 

2,406 

1,898 

1,304 

958 

923 

786 

794 

991 

1,316 

1,853 


1 ,000  pounds 
1,017 
842 
111 
614 
516 
507 
593 
600 
628 
806 
884 


18,  376 


2,795 
3,065 
2,953 
2,  255 
1,787 
1,436 
1,183 
1,001 
903 
947 
1,540 
2,303 


22,  168 


2,276 
2,  546 
2,977 
2,356 
1,695 
1,430 
1,251 
1,128 
964 
1,230 
1,617 
2,277 


21,  747 


2,631 

2,058 

2,344 

1,792 

1,445 

1,153 

1,044 

907 

715 

685 

889 

1,957 


17,  620 


2,894 
2,596 
2,349 
1,796 
1,393 
994 
848 


1,000  pounds 

203 

191 

215 

182 

137 

75 

53 

33 

24 

26 

30 

142 


1,114 
1,052 
881 
690 
586 
581 
566 
537 
532 
541 
715 
870 


905 
912 
915 
717 
540 
507 
516 
540 
538 
679 
829 
1,007 


8,605 


1,019 
771 
871 
667 
529 
444 
417 
392 
343 
322 
394 
727 


1,000  pounds 
113 
168 
229 
288 
280 
175 


1,311 


240 
242 
241 
167 
114 
64 
51 
25 
20 
15 
38 
176 

1,393 


188 

217 
272 
198 
175 
M 

59 
42 
24 
30 
33 
133 


1,467 


218 

220 

224 

114 

91 

44 

29 

26 

15 

11 

25 


1,115 


985 
836 
782 
619 
536 
446 
422 


1M 

130 
101 
86 
41 
30 


1,000  pounds 
104 
91 
61 


180 
118 
72 
47 
27 
54 


2,132 


129 
240 
370 
375 
387 
304 
262 
183 
134 
101 
120 
229 


2,834 


296 
323 
461 
594 
572 
507 
405 
318 
214 
150 
201 
284 


4,325 


403 
374 
439 
353 
315 
239 
193 
148 
96 
68 
56 


2,787 


160 
272 
385 
400 
449 
379 
358 


Monthly  bulletins  of  Union  Statistics  and  Monthly  Press  Release,  Office  of  Census  and  Statistics. 
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A  tendency  toward  dairying  is  evident.  For  example,  a  creamery 
was  established  in  1928  at  Umtali.  During  the  calendar  year  1930 
this  creamery  bought  60,000  pounds  of  butterfat,  which  was  much 
more  than  during  the  first  year.  In  1931,  the  butterfat  purchased 
approximated  80,000  pounds.  The  cream  is  delivered  by  as  many 
as  100  farmers  in  the  summer  but  by  very  few  in  the  winter.  As 
much  as  3,000  pounds  of  butter  is  churned  per  week  during  the  flush 
season  but  only  1  or  2  small  churnings  per  week  are  made  during  the 
winter.  Dual-purpose  cows,  Red  Poll  and  Shorthorn,  produce  most 
of  the  supply.  Butter  is  sold  in  pound  prints  locally  and  exported 
to  the  port  of  Beira,  Mozambique,  about  200  miles  distant. 

A  Government  milk-recording  scheme  has  been  in  existence  in  this 
colony  since  1929.  The  scheme  is  as  yet  in  its  infancy,  and  in  1932 
only  two  official  milk  recorders  had  been  appointed.  The  cost  to  the 
Government  of  Southern  Rhodesia  of  maintaining  the  milk-record- 
ing service  amounts  annually  to  approximately  £1,300  ($6,326).  This 
sum  includes  all  expenditures  incurred  in  the  form  of  milk  recorders' 
salaries,  transport,  etc.  A  charge  is  made  for  milk-recording  serv- 
ices, and  the  revenue  thus  derived  probably  did  not  exceed  £200  to 
£250  ($973  to  $1,217)  per  annum.  The  amount  of  public  funds  de- 
voted to  dairy-herd  improvement  in  these  directions  was  approxi- 
mately £1,100  ($5,353)  per  annum. 

In  July  1931  approximately  700  cows  had  been  entered  and  were 
being  tested  under  the  Government  milk-recording  scheme. 

With  regard  to  the  average  milk  and  butter  fat  production  of  the 
cows  under  test,  it  was  only  possible  to  calculate  this  in  regard  to 
such  animals  as  had  been  recorded  and  tested  for  lactation  periods 
of  at  least  150  days.  Since  the  beginning  of  the  milk-recording 
scheme,  approximately  200  cows  had  completed  lactations  of  at  least 
150  days.  The  average  milk  and  butter  fat  production  of  these  cows 
was  as  follows: 

Average  milk  production pounds 5, 187 

Average  butter  fat  production do 193 

Average  percentage  butterfat percent 3.  72 

It  is  almost  impossible  to  furnish  reliable  figures  with  regard  to 
the  average  milk  and  butter-fat  production  for  the  country  as  a 
whole.  Approximately  50,000  cows  are  used  annually  in  this  colony 
for  dairying  purposes,  but  a  large  number  of  these  are  allowed  to 
suckle  their  calves  and  are  only  partly  milked.  The  following  fig- 
ures, therefore,  although  the  only  ones  available,  do  not  represent  the 
actual  average  milk  and  butter-fat  production  for  this  colony  as  a 
whole. 

The  average  milk  production  per  cow  per  annum  is  approximately 
1,200  pounds  (120  Imperial  gallons),  and  the  average  butter-fat  pro- 
duction is  approximately  40  pounds. 

METHODS   AND   COSTS   OF  MARKETING 

In  1931  the  cream  producers  tributary  to  Bulawayo  organized  a 
cooperative  association  that  accepted  the  most  favorable  oid  from 
each  of  the  five  creameries  at  Bulawayo  for  supplying  it  with  the 
entire  output  of  the  membership.  The  details  of  the  scheme  are  of 
interest.    Cream  producers  paid  a  5  shilling  ($1.22)  membership  fee 
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to  their  organization  and  signed  an  agreement  to  send  their  cream 
exclusively  to  the  Rhodesian  Cooperative  Creameries  until  Septem- 
ber 30,  1933.  Damages  for  violation  of  the  agreement  were  pre- 
scribed. The  association,  in  turn,  agreed  with  the  creamery  upon  a 
price  to  be  paid  for  cream  which  would  be  not  less  than  that  laid 
down  for  first-grade  butterfat  by  the  South  African  Cooperative 
Creameries  Association  and  the  price  of  the  lower  grades  would  show 
differences  of  2  pence  (4  cents)  per  pound  between  any  two  grades. 
Furthermore,  members  of  the  association  and  shareholder  producers 
of  the  company  were  entitled  to  a  first  claim  of  25  percent  of  the  net 
profits,  payable  in  proportion  to  butterfat  delivered,  and,  in  addi- 
tion, any  balance  remaining  after  paying  the  10-percent  interest  on 
capital. 

The  costs  of  marketing  Rhodesian  butter  are  about  the  same  as 
those  described  for  the  tjnion.  The  present  rates  of  ocean  freight 
to  European  berth  ports,  as  reported  by  the  committee  appointed  by 
the  Government  of  Southern  Rhodesia  to  investigate  and  report  on 
certain  matters  relating  to  the  Imperial  Economic  Conference  at 
Ottawa  (1932),  are  (for  butter  or  cheese)  one-half  penny  (1  cent)  per 
pound  from  Union  berth  ports  and  1  penny  (2  cents)  per  pound  from 
Beira. 

Southern  Rhodesia  has  voluntarily  come  under  the  provisions  of 
the  Union  Dairy  Control  Act,  No.  35,  of  1930,  which  provides  for  a 
levy  and  export  bounty  on  all  butter  and  cheese  manufactured. 

SOUTH-WEST  AFRICA 

South-West  Africa  is  too  arid  to  become  an  important  dairy- 
producing  country.  However,  noticeable  expansion  and  improve- 
ment of  methods  and  quality  have  recently  occurred.  To  reduce  the 
cost  of  operating  creameries  in  South-West  Africa  arrangements 
have  been  made  to  concentrate  the  manufacturing  of  butter  at 
three  large  creameries  located  at  Omaruru,  Gobabis,  and  Windhoek. 
Plants  at  these  places  will  renovate  tainted  butter  to  prevent  heavy 
degrading  of  South-West  African  butter  and  bring  it  up  to  the 
standard  of  Union  butter  now  being  exported.  The  plan  includes  the 
grading  of  butter  at  creameries  by  officials  of  the  dairy-control 
board.  It  is  claimed  that  the  plan  will  reduce  overhead  expenses 
in  the  manufacture  of  butter  as  well  as  improve  the  quality  and 
enable  the  price  paid  to  farmers  for  cream  to  be  increased  2  to  4 
cents  per  pound. 

HOGS 

The  countries  discussed  in  this  bulletin  do  not  have  many  hogs. 
Corn  is  grown  in  abundance,  but  it  is  used  primarily  for  human 
consumption,  cattle  feed,  or  export.  The  grazing  lands  of  South  and 
East  Africa  are  better  suited  for  cattle,  sheep,  and  goats  than  for 
hogs.  In  the  Union  other  classes  of  livestock  have  increased  greatly 
during  the  last  20  years,  but  the  number  of  hogs  has  remained 
fairly  constant  at  less  than  1,000,000  and  the  value  of  total  produc- 
tion of  bacon  and  ham  in  factories  and  on  farms  amounted  to  less 
than  $45,000,000  in  1929-30.  Imports  of  bacon  and  ham  exceeded 
exports  in  1930  by  only  137,000  pounds. 
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Southern  Rhodesia  had  only  66,000  hogs  in  1930,  of  which  41,000 
were  owned  by  natives.  The  number  has  increased  slowly,  but  im- 
ports of  bacon  and  ham  still  exceed  exports  by  a  wide  margin. 

South-West  Africa  has  less  than  10,000  hogs,  Swaziland  has  the 
same;  and  the  other  native  protectorates  have  practically  none. 

It  is  not  probable  that  these  countries  will  become  important  hog 
producers,  even  if  corn  exports  decrease.  It  will  be  more  profitable 
to  combine  corn  feeding  with  grass  fattening  of  cattle  and  lambs, 
since  these  classes  of  livestock  can  make  better  use  of  the  grazing 
lands,  which  make  up  over  95  percent  of  the  total  area. 

POULTRY 

Egg  production  is  achieving  some  importance  in  South  African 
countries  because  the  months  of  maximum  production  and  exports, 
September  to  December,  coincide  with  the  period  of  lowest  produc- 
tion and  highest  prices  in  European  countries. 

The  Union  of  South  Africa  in  1926  had  10,798,000  fowls,  chiefly 
in  Cape  and  Transvaal  Provinces,  of  which  6,754,000  were  owned  by 
Europeans.  By  1930  the  European-owned  fowls  had  increased  to 
8,090,000,  about  the  same  number  as  are  found  in  the  State  of  Vir- 
ginia. The  number  of  fowls  is  insignificant  in  the  dry  areas  of 
northwestern  Cape  Province,  but  in  the  wheat-growing  areas  around 
Capetown  and  the  corn  belt  of  Orange  Free  State  and  Transvaal 
the  number  is  reasonably  high  considering  the  small  number  of 
farms.  Egg  production  is  associated  geographically  with  wheat, 
corn,  and  dairying,  and  with  native  reserves. 

The  egg-export  trade  from  South  Africa  began  in  1914.  The 
Union's  exports  to  overseas  markets  increased  from  25,610  cases — of 
30  dozen — in  1920  to  194,915  cases  in  1931.  Including  ships'  stores, 
exports  rose  from  32,588  to  204,776  cases.  The  steady  growth  of  over- 
seas exports  was  interrupted  only  in  1922  and  1931. 

An  aggressive  bid  is  being  made  for  export  markets.  As  with 
fruits,  butter,  and  cheese,  exportation  is  controlled  by  the  perishable 
products  export  control  board,  which  arranges  suitable  shipping 
facilities.  The  South  African  Poultry  Association,  through  its  four 
provincial  egg  circles  and  with  financial  aid  from  the  Government 
egg-export  levy  of  18  cents  per  case  is  improving  the  grades  and 
regulating  the  minimum  quality  of  the  exports. 

The  United  Kingdom  represents  the  principal  market,  although 
small  quantities  are  also  exported  to  Canada,  continental  Europe, 
and  nearby  African  countries. 

South  African  eggs  sell  in  London  at  prices  that  compare  favorably 
with  prices  paid  for  Australian  and  Danish  eggs. 

South  African  eggs  supply  only  2  or  3  percent  of  the  imports  of 
the  United  Kingdom,  but  the  average  price  during  1930  and  1931, 
partly  because  of  seasonal  considerations,  were  higher  than  those 
in  any  other  country. 

In  1932  export  prices  fell  to  low  levels,  the  Government  export 
subsidy  of  10  percent  did  not  cover  the  loss  on  foreign  exchange,  and 
the  Government's  policy  of  maintaining  corn  and  wheat  prices  above 
export  parity  operated  against  poultry  and  egg  producers.  Ex- 
pansion was  temporarily  checked.    A  further  increase  of  production 
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and  exports  may  be  expected  when  price  relationships  are  more 
nearly  restored  to  normal.  Exchange  loss  has  already  been  elimi- 
nated, and  the  export  subsidy  was  lowered  only  to  7  percent. 

Under  the  agreements  concluded  at  Ottawa  in  1932  the  Union  is 
exempt  from  the  duty  on  eggs  imported  into  the  United  Kingdom, 
amounting  to  3  shillings  per  42-pound  case,  4  shillings  6  pence  per 
medium-weight  case,  and  5  shillings  3  pence  per  51-pound  case  of  30 
dozen.  This  has  the  effect  of  diverting  eggs  from  the  continent  of 
Europe  to  other  markets  during  October  to  January. 

Southern  Rhodesia,  with  only  258,000  chickens  owned  by  European 
farmers,  also  shares  in  the  South  African  exports  to  England  and 
to  nearby  African  countries  to  the  extent  of  about  10,000  cases. 
Southern  Rhodesia  has  only  recently  changed  from  an  egg-import- 
ing to  an  egg-exporting  country. 

The  feed  cost  of  producing  eggs  in  Cape  Province  has  been 
ascertained  by  the  Government  to  be  3.8  pence  (7.7  cents  at  par)  per 
dozen  when  the  production  is  10  dozen  eggs  per  hen.  In  compari- 
son, eggs  sold  locally  in  1932-33  at  12  to  18  cents  per  dozen.  The 
cost  of  producing  a  pullet  to  laying  age  was  ascertained  under  those 
conditions  to  be  4  shillings  10  pence  ($1.17  at  par). 

In  November  1932  South  African  eggs  were  bringing  in  London 
39  to  47  shillings  per  30-dozen  case,   according  to   weight. 

The  cost  of  importing  eggs  from  Bulawayo  to  London  via  Capetown 
is  11  shillings  5  pence  ($2.78  at  par)  per  30-dozen  case.  This  in- 
cludes the  9-pence  export  levy  collected  by  the  Union  Government. 
Export  through  Beira  to  London  would  cost  only  7  shillings  7  pence 
($1.84)  per  case,  but  cold-storage  facilities  are  not  available  at  Beira. 
The  ocean  freight  rate  is  90  shillings  ($21.90  at  par,  per  40  cubic 
feet)  from  Beira  as  against  70  shillings  ($17.03)  from  Union  ports. 

One  of  the  largest  exporters  of  eggs  in  the  Union  is  the  Cape  Egg 
Circle  Cooperative  at  Capetown.  During  1931-32  the  operating  ex- 
penses of  this  cooperative  were  1.1  pence  per  dozen  as  compared  with 
1.25  pence  for  the  egg  circle  at  East  London  and  1.71  pence  at 
Bloemfontein.  The  average  price  paid  to  its  members  was  10y2 
pence  (21  cents)  per  dozen,  from  which  the  producer  must  deduct 
about  1  penny  (2  cents)  for  railage,  returned  empties,  and  breakage. 

FRESH  DECIDUOUS  FRUIT 

INTERNATIONAL  SIGNIFICANCE 

The  importance  of  the  Union  of  South  Africa  in  the  world's 
deciduous-fruit  trade  arises  from  its  location  in  the  Southern  Hemi- 
sphere, which  permits  exports  to  be  made  to  countries  in  the  North- 
ern Hemisphere  during  the  northern  winter  season.  The  deciduous- 
fruit  production  in  South  Africa  is  large  only  in  comparison  with 
the  production  in  other  countries  in  the  Southern  Hemisphere  that 
market  their  fruits  at  the  same  time  South  Africa  does  (table  54) . 
These  are  Chile,  Argentina,  Australia,  and  New  Zealand.  The  sea- 
son is  earlier  in  the  Union  of  South  Africa  than  in  most  competing 
countries.  The  first  shipments  of  stone  fruits  reach  England  in 
time  for  the  Christmas  trade  and  continue  to  arrive  for  the  next  5 
months.  South  African  fruit  is  never  stored  for  delayed  marketing 
but  is  shipped  as  soon  after  harvesting  as  possible. 
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The  increasing  shipments  of  South  African  fresh  fruits  to  Euro- 
pean markets  have  meant  that  apples  and  pears  from  the  Northern 
Hemisphere,  which  can  be  stored  for  marketing  after  Christmas, 
now  meet  increased  competition.  Even  South  African  soft  fruits, 
such  as  grapes,  peaches,  nectarines,  and  plums,  compete  indirectly 
with  the  apples  and  pears  of  the  Northern  Hemisphere. 

Table  54. — Apples  and  pears,  fresh:  Approximate  production  and  exports  by 
principal  countries,  5-year  average  1927-28  to  1931-32 


Country 


Northern  Hemisphere: 

United  States  J 

France  3 

Russia  3 

Germany  3 

Netherlands  3 

Belgium  3 

Poland1 

Switzerland ' 

Rumania  ' 

England  and  Wales  •- 

Canada  1 

Italy> 

Austria1 

Hungary* 

Czechoslovakia  • 

Spain1 ., 

Yugoslavia1 

China3 

Japan  l 

Chosen  ' 

Mexico1 

Greece1 

Luxemburg  > 

Bulgaria ! 

Southern  Hemisphere: 

Australia  ! 

New  Zealand  > 

Union  of  South  Africa 
Chile3 


Apples 

Pears 

Production 

Exports 

Production 

Exports 

1,000  bushels 

1,000  bushels 

1,000  bushels 

1,000  bushels 

»  160,  000 

15,800 

22,500 

1,700 

*  66, 000 

*600 

6  35,000 

5500 

50,000 

5800 

5,000 

3200 

40,000 

5  35 

15,000 

550 

4,000 

5  1,000 

2,000 

5400 

2,000 

5900 

4,000 

5  2,000 

7  32,000 

» 70 

34,000 

5  10 

15,000 

5  1,200 

6,300 

5  700 

14,000 

5400 

4,300 

(s) 

12,500 

(8) 

1,100 

(8) 

10,300 

4,300 

380 

3  150 

11,000 

5  2,000 

»6,500 

5900 

7,000 

»200 

2,800 

5  1 

3,000 

»150 

1,500 

(9) 

8,000 

5  300 

3,900 

(8) 

4,500 

(8) 

3,200 

520 

6,500 

5  1,500 

2,800 

550 

6,000 

(8) 

5,000 

5200 

4,000 

5  120 

6,600 

(•) 

1,000 

(•) 

600 

| 

800 

(8) 

400 

200 

(8) 

440 

(8) 

400 

(8) 

190 

(8) 

60 

m 

10 

n 

8.300 

•"3, 000 

1,700 

1°240 

3,000 

'0  1,000 

240 

i»60 

•0  300 

»25 

475 

250 

500 

^iso 

200 

10 

1  Total  crop. 

2  Commercial  averaged  95,200,000  bushels. 

3  Rough  estimate. 

4  Dessert  apples  about  6,000,000  bushels 
8  3-year  average,  1928-29  to  1930-31. 

6  Dessert  pears  about  2,000,000  bushels. 

7  Production  was  less  after  the  freeze  of  1928. 

8  Not  available  but  small. 

9  Not  available,  but  of  some  commercial  importance. 

10  Figure  less  than  those  of  last  few  years  because  of  sharp  upward  trend. 

From  official  sources  and  for  the  Union  of  South  Africa,  estimates  made  by  American  A 
Attache. 

UNION  OF  SOUTH  AFRICA 


:ltural 


TREND  OF  PRODUCTION 


During  the  i932-33  shipping  season  the  Union  of  South  Africa 
exported  55,297  shipping  tons  of  deciduous  fruit.  This  is  exclusive 
of  about  1,000  shipping  tons  of  pineapples.  Each  shipping  ton  of  40 
cubic  feet  is  the  equivalent  of  25  bushel  boxes,  although  in  actual 
practice  a  wide  range  exists  in  the  size  of  the  boxes  used.  This  ton- 
nage represents  a  new  record  for  the  South  African  fruit  industry, 
a  continuation  of  the  rapid  growth  of  fruit  exports  since  1919,  and 
further  increases  are  impending  as  the  trees  become  older.  The 
1933-34  exports  are  estimated  to  be  68,838  shipping  tons  (fig.  37  and 
table  55). 
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1916-17 


•18-19 


•20-21 


•22-23        "24-25        '26-27        -28-29 

•INCLUDES  FRESH  PRUNES 


30-31 


32-33 


FIGURE    37.— FRESH    DECIDUOUS  FRUIT  EXPORTS,  UNION  OF  SOUTH   AFRICA,    1916- 

17  TO   1933-34. 

A  rapid  expansion  has  occurred  during  the  last  15  years. 

Table  55. — Fresh   deciduous   fruit:  Exports,   Union  of  South  Africa,  1927-28 

to  1932-33 


Fruit 


1927-28 


1928-29 


1929-30 


1930-31 


Estimate, 
1931-32 


Estimate, 
1932-33 


Estimate, 
1933-34 


Grapes 

Pears 

Peaches 

Plums2 

Apples 

Nectarines 

Apricots 

Melons 

Grenadillas..- 

Mangoes 

Persimmons. . 

Quinces 

Litches .. 

Avocados 

Pomegranates  . 
Strawberries-. 

Cherries 

Tomatoes 

Figs 


Shipping 

tons  i 

9,195 

13,  240 

2,068 

2,682 

262 

375 

83 

33 

12 

14 

3 

5 

12 
1 
1 
0 
0 
0 
0 


Shipping 

tons  i 

10,  428 

4,843 

3,292 

3,009 

941 

670 

47 

52 

10 

10 

4 

2 

2 

1 

1 

0 
0 
0 


Shipping 
tons  i 
10, 494 
15,871 


Shipping 
tons  • 
13,  085 


878 
192 
731 
551 
480 
93 
214 
5 


0) 


(4) 


(<) 


Shipping 
tons  i 
14,  581 
10, 978 
5,905 
6,201 
1,878 
584 
50 
3  217 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 


Shipping 
tons  1 
21,  773 
14,  560 
5,660 
8,645 
3,160 
676 
332 
3  491 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 


Shipping 
tons  ' 
25,  877 
17,  503 
8,320 
10,  046 
5,341 
1,046 
3  437 
3  263 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 


Total' :..     6  28,009        23,312 


39,  297         31,  252 


40,  394 


55,297 


68,838 


1  Approximate  weight  per  shipping  ton  of  40  cubic  feet:  grapes  500  pounds,  pears  1,400  pounds,  peaches- 
plums,  and  nectarines  800  pounds,  apples  1,500  pounds. 

2  Including  fresh  prunes. 

3  Miscellaneous  fruits  included  with  melons. 

*  Less  than  Yi  ton.  • 
»  Not  including  pineapples,  approximately  1,917  tons  in  1932-33. 

•  Total  does  not  check  as  officially  reported. 

Grapes  and  pears  are  most  important,  but  peaches,  plums,  apples, 
and  nectarines  are  of  considerable  and  increasing  importance.  Apri- 
cots are  not  shipped  extensively  as  fresh  fruit,  but  are  usually  dried. 
Pineapples  and  subtropical  fruits  are  shipped  in  less  significant 
quantities   (fig.  38). 

The  Union  of  South  Africa  first  achieved  fame  in  fruit  through 
its  wine  and  grapes.    Wine  was  an  important  item  two  centuries 
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ago  when  Capetown  was  merely  a  trading  port  for  passing  ships. 
During  the  early  part  of  this  century,  with  the  improvement  of  re- 
frigerated transportation,  deciduous  tree  fruits  came  into  equal  im- 
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Figure  38.— Fresh  deciduous  fruit  shipments,  weekly,  from  the  Union  of 

South  Africa.  1932-33. 

The  peak  movement  of  plums  occurs  in  early  January,  peaches  in  late  January,  pears 
and  grapes  in  early   March. 


portance  in  the  Capetown  area  (fig.  39).  Deciduous  production  was 
introduced  in  1656.  The  first  fresn  fruit  was  exported  in  1888.  Im- 
mediately after  the  World  War  there  was  a  wave  of  enthusiasm 
for  citrus  fruits  which  resulted  in  extensive  plantings  in  the  vicinity 
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of  Port  Elizabeth  and  in  the  northern  Transvaal.  The  present  tend- 
ency is  for  a  small  expansion  of  citrus,  a  moderate  expansion  of 
vineyards  and  deciduous  orchards  around  Capetown,  and  a  more 
general  expansion  of  apple,  peach,  and  plum  acreage  in  Orange  Free 
State  and  in  southern  Transvaal. 

deciduous  fruit  trees! 
Union  of  South  Africa.  1930 


Each  dot  represents  10.000  trees 

Figure  39. — The  principal  fruit  districts  lie  back  of  Capetown.     Expansion  has  recently 
occurred  along  the  south  coast.     Two  irrigated  areas  lie  north  of  Port  Elizabeth. 

Orange  Free  State  (which  has  no  citrus  orchards)  in  1926  had 
only  10  percent  of  the  Union's  fruit  acreage,  but  in  1930  it  had  18 
percent.  Growers  there  have  much  more  serious  obstacles  to  over- 
come than  had  the  fruit  growers  of  western  Cape  Province.  Much 
of  the  land  in  this  new  area  consists  of  a  shallow  layer  of  soil  over- 
lying rock,  and  the  soil  is  not  very  fertile  except  along  the  border  of 
Basutoland.  This  new  area  has  an  elevation  of  5,000  to  6,000  feet, 
is  subject  to  frosts,  and  is  especially  subject  to  severe  hailstorms, 
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which  have  checked  the  enthusiasm  of  many  aspiring  orchardists. 
This  area  now  produces  a  small  quantity  of  extra  early  fruit  for 
the  English  Christmas  market,  but  its  further  development  is 
doubtful. 

Definite  information  regarding  planting  since  1930  is  not  avail- 
able, but  reports  from  nurserymen  indicate  that  there  has  been  little 
planting  of  any  sort,  with  the  possible  exception  of  vineyards  in 
the  western  Cape  Province. 

GRAPES 

About  80  percent  of  the  grape  production  is  used  for  wine,  10 
percent  for  drying,  and  10  percent  for  fresh  grapes.  About  90 
percent  of  the  wine  grapes  and  about  75  percent  of  the  table  grapes 
are  for  domestic  consumption.  The  raisins  and  sultanas  (a  special 
type  of  golden-colored  seedless  raisin)  are  chiefly  for  export.  In 
1925  only  2y2  percent  of  the  Union's  110,000,000  vines  were  utilized 
for  producing  export  grapes,  but  since  then  many  vineyardists  on 
the  margin  of  the  table-grape  area  have  grafted  or  replanted  their 
wine  grapes  with  table  varieties. 

According  to  the  agricultural  census  for  1929-30  there  were  75,002 
acres  planted  to  grapevines  in  the  Union  of  South  Africa.  The  an- 
nual production  of  fresh  grapes  ranges  from  200,000  to  250,000  tons, 
or  about  one-tenth  of  the  United  States  production.  Of  this  acreage, 
98  percent  were  in  the  Cape  Province.  The  1930  acreage  represented 
an  increase  of  36  percent  in  the  4  years  since  1926,  as  compared  with 
an  increase  of  only  16  percent  in  the  8  years  between  1918  and 
1926.  Assuming  that  the  number  of  vines  per  acre  in  1930  was 
1,860,  as  in  1918  and  1921,  there  were  in  1930,  140,000,000  vines,  as 
compared  with  102,107,984  in  1921,  and  87,839,966  vines  in  1918. 
The  percentage  of  nonbearing  vines  was  16.8  percent  in  1921,  but 
information  on  this  point  is  not  available  from  the  1930  census. 
The  expansion  in  acreage  since  1926  was  most  marked  in  the  raisin- 
and  wine-producing  areas  in  Worcester,  Robertson,  and  Montagu 
(table  56). 

The  vineyard  expansion  is  attributed  largely  to  the  enactment  in 
1924  of  the  Wine  and  Spirit  Control  Act  (no.  5  of  1924) ,  which  gave 
the  Cooperative  Wine  Growers'  Association  of  South  Africa  100 
percent  control  over  distilling  wine.  Under  this  system  of  manage- 
ment the  association  has  been  able  to  sell  its  distilling  wines  to  the 
merchants  at  a  price  high  enough  to  make  production  rather  profit- 
able. Acreage  therefore  expanded.  According  to  plans  recently 
recommended,  however,  the  producers  will  hereafter  receive  a  much 
lower  price  for  their  surplus  production,  and  consequently  it  is  ex- 
pected they  will  find  it  advantageous  to  use  the  surplus  grapes  to 
produce  raisins,  sultanas,  good  wines,  or  fresh  grapes,  and  thereby 
reduce  the  excessive  production  of  distilling  wine.  The  limita- 
tion of  acreage  for  a  period  of  3  years  has  also  been  proposed. 

Since  it  is  not  probable  that  much  of  the  South  African  wine 
production  can  be  diverted  from  distilling  into  wine-consuming 
channels,  one  must  conclude  that  although  the  total  grape  produc- 
tion will  not  increase  during  the  next  3  years,  there  will  be  a  slightly 
decreased  production  of  wines  and  an  increased  production  of  table 
grapes  and  raisins  or  sultanas.    Since  table  grapes  constitute  about 
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10  percent  and  raisins  and  sultanas  scarcely  10  percent  of  the  total 
output,  a  slight  diversion  of  the  grapes  used  for  wine  into  these 
channels  may  be  expected  to  cause  a  marked  percentage  increase  in 
their  output. 

Table  56. — Grapes:  Acreage  and  percentage  production,  by  kind,  in  the  principal 
districts  of  the  Union  of  South  Africa,  1925  and  1930-32 


Acreage 

Percentage  of  total  production 

Districts » 

1925 

1930 

Wine, 
1932  2 

Dried, 
1930  3 

Exported, 
fresh,  1931  * 

• 

Acres 

1,160 
(6) 

2,512 

1,579 
531 
(s) 

2,275 
(9) 

10,  866 
14,568 

(12) 

1,774 

9,944 

1,827 

3,784 

1,202 

682 

605 

794 

4,218 

Acres 

(5) 

1,674 

5,109 

2,908 

624 

607 

2,703 

3,962 

io  9,  427 

ii  11,649 

4,  269 

1,797 

11,683 

1,888 

5,804 

1,196 

1,812 

916 

969 

6,005 

Percent 

Percent 
4 

Percent 

Percent 

Bellville 

2 

7 
4 
1 
1 
4 
5 
13 
16 
6 
2 
16 
3 
8 
2 
2 
1 
1 
6 

5 

(7) 
(7) 

o 

2 

Wynberg 

41 

(7) 
(7) 
(7) 
2 
1 
51 
2 
15 
(7) 
3 
2 
2 
20 

2 

15 

19 

6 

Paarl 

20 

(7) 

Tulbagh 

4 
26 

7 
19 

1 

Worcester .      . 

26 

Montagu --  ... 

(7) 

5 

Total        

58, 321 

75,002 

100 

100 

100 

100 

i  Arranged  geographically  from  Capetown  north  and  east. 

*  1932  vintage  reported  to  Cooperative  Wine  Growers'  Association. 

3 1930  census  report,  including  stalk  raisins,  loose  raisins,  sultanas,  currants,  and  dried-wine  grapes. 
4 1931,  South  African  Department  of  Agriculture,  bulletin  109  (45). 

*  Vineyard  acreage  included  in  new  district,  Bellville. 

6  Not  yet  separated  from  Cape  district. 

7  Less  than  0.5  percent. 

8  Insignificant  acreage. 

9  Not  yet  separated  from  Stellenbosch  district. 

10  Part  of  vineyard  acreage  in  new  district,  Somerset  West, 
n  Part  of  vineyard  acreage  in  new  district,  Wellington. 

12  Not  yet  separated  from  Paarl  district. 

Agricultural  census  reports.    Outlying  districts  are  expanding  acreage  more  rapidly. 

In  the  Ceres  district — now  devoted  chiefly  to  the  production  of 
pears,  peaches,  and  plums — the  land  was  originally  used  for  grapes, 
and  in  the  event  of  a  collapse  in  prices  obtainable  from  the  exporta- 
tion of  these  fruits,  it  is  possible  that  the  Ceres  district  will  revert 
in  some  degree  from  fruit  trees  to  vines. 

The  tendency  toward  the  expansion  of  the  vine  acreage  is  now 
apparent  in  several  outlying  districts  less  suitable  for  tree  fruits, 
including  Kakamas  (along  the  Orange  River,  northern  Cape  Pro- 
vince), Ladismith,  Oudtshoorn,  and  Graaf  Reinet  (these  three  in 
the  Little  Karoo  of .  southeastern  Cape  Province).  More  or  less 
irrigation  water  is  available  to  all  these  outlying  areas. 

Grapevines  are  concentrated  in  the  area  around  Capetown,  but 
the  area  has  recently  spread  eastward  along  the  south  coast,  and 
isolated  instances  of  vine-acreage  expansion  are  to  be  noted  just 
south  of  Durban,  just  south  of  Orange  Free  State,  and  in  the  irri- 
gated oasis  on  the  Orange  River  in  northwestern  Cape  Province. 
Only  three  magisterial  districts  showed  a  decrease  in  vine  acreage 
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in  1930,  and  in  each  case  the  decrease  is  accounted  for  by  a  change 
in  the  boundaries  of  the  district.  The  largest  increases  in  vine 
acreage  occurred  around  Somerset  West,  around  the  wheat  growing 
district  of  Malmesbury,  and  in  the  inland  grazing  districts  of 
Worcester  and  Robertson  where  orchard  acreage  decreased.  It  is 
rather  remarkable  that  in  the  immediate  vicinity  of  Capetown,  where 
grapes  have  been  grown  for  over  200  years,  the  acreage  expanded 
more  than  4,000  acres,  but  this  expansion  is  exceeded  by  the  expan- 
sion in  the  bordering  districts,  especially  Worcester  and  Robertson, 
where  drying  is  centered.  The  expansion  around  Malmesbury  is 
surprising  in  view  of  the  high  guaranteed  price  of  wheat  ($1.65 
per  bushel  at  par). 

It  is  the  practice  of  growers  of  grapevines  to  graft  certain  varie- 
ties to  stocks  planted  by  themselves  so  that  nurserymen's  informa- 
tion concerning  grape  sales  is  not  conclusive.  According  to  com- 
ments made  by  leading  nurserymen,  the  planting  of  wine  varieties 
has  declined  considerably,  while  the  planting  of  table  varieties,  and 
particularly  export  varieties,  continues  steady.  At  the  annual  auc- 
tion sale  of  grapevines  in  July  1932,  prices  were  low,  and  large  stocks 
remained  unsold.  There  was  a  complete  lack  of  enthusiasm  in  bid- 
ding. The  new  grape  plantings  in  1932  wore  99  percent  for  replace- 
ments and  only  1  percent  for  expansion/' 


TKKE    FRUITS 


The  total  area  in  orchards  in  1930  (excluding  bananas,  13,000 
acres)  was  265,586  acres  (commercial  citrus  about  50,000,  deciduous 
115,000,  noncommercial  citrus  and  deciduous  100,000)  and  in  grape 
vines,  75,002  acres.  This  represents  an  increase  since  1926  of  91,613 
acres  of  orchards  and  15,519  acres  of  vines.  The  percentage  in- 
crease in  orchards,  52  percent,  was  much  greater  than  the  percentage 
increase  in  vines,  27  percent  (tables  57,  58,  and  59). 

Table  57. — Fruit  trees,  noncitrm:  Number  in  the  Union  of  South  Africa, 

1911  to  1930 


Year 


Apple 


Pear 


Plum  and 
prune 


Apricot 


Peach 


Nectar- 
ine 


Mango 


Other 


1911 1 

1918' 
19183 
19193 
19203 
1921  < 
19241 
19251 
19261 


Thou- 
sands 
1,430 
2,171 
1,225 
1,148 
1,212 
2,471 
2,707 
2,976 
2.438 
2,464 


Thou- 
sands 
651 
788 
509 
511 
542 
838 
1,073 
1,156 
998 
1.010 


Thou- 
sands 
636 
1,144 
765 
812 
996 
1,422 
1,740 
1,812 
1,552 
1,379 


Thou- 
sands 
1,025 
1,161 
722 
763 
908 
1,454 
2,169 
2,387 
2.039 
2,191 


1  All  districts. 

J  Including  all  fruit  trees  in  native  locations  and  reserves  (1,056,402). 

3  Principal  fruit-growing  districts  only. 

4  All  districts,  including  urban  areas.  , 

5  Including  all  fruit  trees  in  native  locations  and  reserves  (964,576). 

6  Trees  the  produce  of  which  is  grown  for  sale. 

7  Included  in  other  fruits. 

8  Including  nectarines  and  peaches. 

Union  South  Africa  Official  Yearbook  (47,  no.  13,  p.  386). 


Thou- 
sands 
5,902 
5,770 
2,434 
2,517 
2,411 
5,446 
6,147 
6,865 
(7) 
3,591 


Thou- 
sands 
99 
206 
96 
52 
58 
78 
78 
106 
(0 
76 


Thou- 
sands 


97 
79 
102 
105 
134 
156 
170 
188 
231 


77iov- 
sands 


2  2,372 


«2,989 
1,595 
1,853 

*  5, 162 
1,793 


9  Statement  by  A.   I.  Perold,   secretary,   Cooperative  Wine  Growers'   Association. 
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Table  58. — Peaches:  Number  of  trees  and  percentage  production  in  the  principal 
districts  of  the  Union  of  South  Africa,  1925,  1930,  and  1931 


Trees  on  farms  occupied  by  Europeans 

Percentage  of  total 

1925 

1930  2 

production 

i'ir.tricts1 

Bearing 

Non- 
bear- 
ing 

Bearing 

Non- 
bear- 
ing 

Percentage  of 
all  districts 

Dried 
1930 

Fresh  exports  3 

Bear- 
ing 

Non- 
bear- 
ing 

1930 

1931 

Cape  Province: 

Stellenbosch  < 

Number 
55,  150 
68,  600 
99,000 
29,  430 
18, 140 
27,  080 
131,  000 
113,030 
24,  940 
33,  670 
19,  530 

125,  050 

81,  790 
97,  970 
161,330 
100,170 
233,  610 
183,  600 
27,  270 
3,  796,  810 

Number 
83, 490 
45, 170 
76,  020 
25,  910 
12,  690 
16,  910 
58,  970 
86,  650 
12, 140 

16,  570 
9,960 

46, 810 

14,  270 

17,  380 
37,  930 
25,  520 
55,  040 
28, 170 
48,  420 

719,  730 

Number 
97,  030 
99,000 
140,  740 
49, 170 
24,  250 
37,  570 
190,  080 
142,  980 
16,  640 
34,  600 
19,  750 

88,  390 

53, 180 
55,  200 
139, 160 
159,  440 
98, 870 
87,  600 
99,  850 
1,  230,  520 

Number 
20,  140 
38,  640 

31,  420 

25,  960 
8,560 

26,  650 
82,  990 
24,  940 

3,330 
6,300 
5,940 

12,  840 

15,  510 
10,  040 
29,290 

32,  400 
35,  230 
11,920 

1,020 
303,  530 

Percent 
3 
3 
5 
2 
1 
1 
7 
5 
1 
1 
1 

3 

2 
2 

C 
3 
3 
3 

43 

Percent 
3 
5 
4 
4 
1 
4 
11 
3 
1 

(5) 
1 

2' 

2 

1 
4 
4 
5 
2 
(5) 
43 

Percent 

2 

5 

1 

10 

1 

3 

25 

10 

5 

6 

4 

(') 

Percent 
12 
32 
25 

1 

Percent 
8 
49 

Paarl 4    .  .      -     -  - 

16 

Tulbagh  _          

0) 

Piquetberg,.-     .. 

Clanwilliam 

15 
2 

23 

Worcester .. 

1 

(5) 

Montagu.-.  _    .-- 

Orange  Free  State: 
Ficksburg  4 

Transvaal: 

Potchefstroom.  ..- 

1 
1 

Krugersdorp  4 

Rustenburg4 

Potgietersrust  4-_-- 

2 

24 

13 

6 

Total 

5,  427, 170 

1,  437,  750 

2,  864,  020 

726,  650 

100 

100 

100 

100 

100 

1  Arranged  geographically  from  Capetown  northward  and  eastward. 

2 1930  census  includes  only  trees  the  products  of  which  were  grown  for  sale,  while  the  1925  census  in 
eluded  noncommercial  trees,  numerous  notably  in  Orange  Free  State  and  Transvaal  Province. 

3  South  African  Department  of  Agriculture  Bulletins  95  and  109  {29,  45) . 

4  Area  of  district  reduced  between  1925  and  1930  by  change  of  boundaries. 
4  Less  than  0.5  percent. 

Agricultural  census  reports. 

Many  varieties  of  each  kind  of  fruit  are  exported,  but  in  most  in- 
stances two  or  three  varieties  comprise  the  bulk  of  the  shipments. 
The  principal  varieties  of  peaches  in  order  of  maturity  are :  Inkoos, 
Duke  of  York,  Alexander,  Peregrine,  Pucelle  (Maid  of  Malines),  and 
Elberta  (fig.  40).  The  principal  varieties  of  plums  are:  Methley, 
Santa  Rosa,  Wickson,  Gaviota,  and  Kelsey,  all  of  them  Japanese  va- 
rieties. The  principal  varieties  of  pears  are:  Bartlett  (Bon  Chre- 
tien), Beurre  Bosc,  Winter  Nelis,  and  Kieffer.  Two-thirds  of  the 
apple  exports  are  Ohenimuri  variety.  White  Pearmain  is  the  only 
other  important  export  variety  except  Jonathan. 

There  has  been  much  less  planting  of  fruit  trees  in  the  Union  of 
South  Africa  during  the  last  2  or  3  years  (table  60) .  Planting  during 
the  year  ended  August  31, 1932,  was  about  25  percent  less  than  during 
the  preceding  year,  judging  by  the  number  of  fruit  trees  issued  from 
nurseries  for  planting  purposes  during  1930-31  and  1931-32.10  Many 
of  the  trees  issued  were  to  replace  old  trees,  so  that  the  total  number 
of  trees  has  not  expanded  to  the  extent  shown  by  these  figures.  Sev- 
eral leading  nurserymen  complain  that  there  appears  to  be  a  complete 

10  Returns  from  a  questionnaire  recently  issued  by  the  Union  Department  of  Agriculture, 
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cessation  of  expansion  and  that  their  business  has  suffered  accord- 
ingly. The  number  of  trees  held  in  nurseries  also  declined  from 
1930  to  1932. 


Figure  40. — Peaches  on  the  sandy  soil  between  Worcester  and  Ceres  are  heav: 
Production  is  used  for  canning,  drying,  and  export  as  fresh  fruit. 


•igated. 


Table  59. — Pears:  Number  of  trees  and  percentage  production  in  the  principal 
districts  of  the  Union  of  South  Africa,  1925,  1930,  and  1931 


Trees  on  farms  occupied  by  Europeans 

Percentage  of  total 

1925 

1930  » 

production 

District' 

Bearing 

Non- 
bearing 

Hearing 

Non- 
bearing 

Percentage  of 
all  districts 

Dried 
1930 

Fresh,  exports 3 

Bearing 

Non- 
bearing 

1930 

1931 

Cape  Province: 

Stellenbosch  * 

Somerset  West 5... 

Number 
69,420 

(») 
13,  770 
82,  470 
47,  230 
4,080 
79,390 

10,300 

9,580 
326,240 

Number 
62,750 
(5) 

24,640 
27,880 
41,090 
10,  970 
134,  230 

3,890 

9,260 
199, 140 

Number 
64,660 
20,  380 
26,790 
75,  790 
59,  850 
10,  850 
169,  020 

7,140 

11,260 
174,  260 

Number 
19,830 
24,290 
16,290 
12,630 
20,060 
20,260 
114,950 

2,690 

2,540 
156,200 

Percent 

10 

3 

4 

12 

10 

2 

27 

1 

2 
29 

Percent 
5 
6 
4 
3 
5 
5 
29 

1 

1 
41 

Percent 

12 

8 

2 

11 

25 

2 

32 

2 

(6) 
6 

Percent 
9 
2 
8 
16 
10 
1 
48 

Percent 
8 
(•) 
10 

Paarl<_-  . 

6 

Worcester.. 

15 

Tulbagh 

Ceres 

53 

Orange  Free  State: 
Ficksburg  4.  ..  _  . 

Transvaal: 

Krugersdorp  * 

Others... 

6 

8 

Total 

642,  480 

513, 850 

620,000 

389,  740 

100 

100 

100 

100 

100 

1  Arranged  geographically  from  Capetown  northward  and  eastward. 

2 1930  census  includes  only  trees  the  products  of  which  were  grown  for  sale,  while  the  1925  census  included 
noncommercial  trees,  numerous  notably  in  Orange  Free  State  and  Transvaal  Province. 
3  South  African  Department  of  Agriculture  Bulletins  95  and  109  {29,  45). 
*  Area  of  district  reduced  between  1925  and  1930  by  change  of  boundaries. 
8  New  district  created  in  1929  out  of  portions  of  Stellenbosch,  Paarl,  and  Caledon  districts. 
6  Less  than  0.5  percent. 

Agricultural  census  reports. 
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TABUS  60. — Fruit  trees:  Number  recently  planted  in  the  Union  of  South  Africa 
in  relation  to  the  total  number  of  commercial  trees  on  farms  in  1030 


Commer- 
cial trees 
on  farms  i 
Aug.  31, 
1930 

Issued  from  nurseries 

Kind  of  fruit 

Trees  issued,  year  ended          Percentage  of  trees  on 
Aug.  31—                              farms  in  1930 

1930-31 

1931-32 

1932-33 

1930-31 

1931-32 

1932-33 

Deciduous: 

Number 
458,290 

2,  464,  370 

1,  009,  740 

3,  590,  670 

2,  190,  820 
967, 130 
412,  120 

76,420 
230,  940 
39,920 

Number 

129,911 

231,  829 

31,  705 

280,  130 

84,  467 

77,  431 

12,  433 

19,  403 

2,178 

4,032 

Number 

45, 126 

179,  377 

20,  084 

232,  766 

63. 169 

58.765 

15,  558 

20,006 

2,032 

2,202 

Number 

27, 328 

149,  554 

25,  637 

272,  566 

77,  966 

50,  759 

23.  369 

13, 198 

703 

1,223 

Percent 
28 
9 
3 
8 
4 
8 
3 
25 
9 
10 

Percent 
10 
7 
2 
6 
3 
6 
4 
26 
9 
6 

Percent 
6 

6 

3 

g 

4 

Plum 

5 

6 

Nectarine 2 . 

Mango -        

17 
0.3 

Avocado 

3 

Total - 

11,440,420 

873,519 

639. 085 

642,  303 

Citrus: 

Lemon 

196,890 

3, 883,  350 

272,  260 

311,110 

7,790 

151,178 

7,952 

19,  324 

4,  535 

108,  184 

5,158 

10,  476 

6,614 

115,963 
6,731 
20,436 

4 
4 
3 
6 

2 
3 
2 
3 

3 

3 

2 

7 

Total 

4,  663,  610 

186,  244 

128,  353 

149,  744 

16, 104,  030 

1,  059,  763 

767,  438 

792,  047 

i  Census  enumeration. 

2  Only  nectarines,  and  possibly  apples,  show  continued  and  marked  expansion. 

From  official  sources. 

Deciduous-fruit  acreage  is  still  expanding  in  the  Lange  Kloof  Val- 
ley, west  of  Port  Elizabeth  (tabulated  as  Other  Cape).  This  area 
is  already  producing  substantial  quantities  of  plums,  apples,  and 
peaches.  About  50  percent  of  the  trees  are  old  bearing  trees,  25  per- 
cent are  new  bearing  trees,  and  25  percent  are  not  yet  in  bearing. 
Most  of  this  production  in  the  past  has  been  for  domestic  consump- 
tion, but  increasing  quantities  for  export,  especially  apples  and  pears, 
are  expected  from  the  Lange  Kloof  Valley.  In  1933  exports  from 
this  area,  exclusive  of  pineapples,  increased  over  350  percent.  The 
soil  is  described  as  unusually  fertile,  and  the  climate  and  elevations 
of  2,000  to  3,000  feet  are  suitable  for  deciduous-fruit  production.  Ex- 
pansion of  planting  has  been  temporarily  checked  by  the  attraction 
of  growing  wheat  at  the  guaranteed  price  of  $1.65  per  bushel. 

From  the  present  situation,  it  seems  probable  that  deciduous-fruit 
exports  from  the  Union,  which  exceeded  54,000  shipping  tons  in 
1932-33,  will  reach  70,000  and  possibly  80,000  tons  within  the  next 
3  years.  This  expansion  will  consist  chiefly  of  (1)  grapes  from  the 
older  area  around  Paarl  and  from  the  new  areas  around  Worcester 
and  Malmesbury,  (2)  nectarines  from  around  Elgin,  and  (3)  pears 
and  apples  from  the  young  trees  and  recent  plantings  around  Ceres, 
Elgin,  and  the  Lange  Kloof  Valley  (table  61  and  fig.  41). 

During  the  South  African  marketing  season  South  African  apri- 
cots, peaches,  and  plums  dominate  the  English  market,  and  prices 
will  depend  mainly  on  demand  conditions  and  on  the  volume  of 
South  African  supplies  (table  62).  This  is  also  largely  true  of 
grapes.     However,  South  African  pears  and  apples  compete  with 
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Table  61. — Deciduous  fruit:  Percentage  of  total  shipping  tons  exported   from 
stated  localities  in  the  Union  of  South  Africa*,  1928-31 


Locality 

Apricots 

Peaches 

Nectarines 

1928 

1929 

1930 

1929 

1930 

1931 

1928 

1929 

1930 

1931 

1928 

1931 

Per- 
cent 

Per- 
cent 

Per- 
cent 

Per- 
cent 

Per- 
cent 
3 
1 
30 
8 
25 

(0 

1 

25 
1 

Per- 
cent 
1 
1 
31 
8 
28 
(0 

23 
3 

(') 
1 

Per- 
cent 
2 
4 
32 
12 
25 
(0 
1 
15 
2 

0) 

1 

5 
1 

0) 

Per- 
cent 
2 

1 

48 

8 

16 

(0 

0) 

20 
2 

0) 
1 

Per- 
mit 
(0 
0) 
12 
13 
26 
2 
1 
43 
3 

Per- 
cent 
1 
1 
14 
11 
38 
3 
0) 
28 
4 

Per- 
cent 
1 
2 
17 
15 
34 

0) 
0) 

30 

1 

Per- 
cent 
2 

Somerset  West . 

5 

1 

Caledon... 

1 
6 

66 
3 

15 
1 
8 

39 

14 

51 

24 

5 

15 

67 

16 

2 

15 

55 

22 

...... 

13 

Paarl... 

20 

Wellington 

Tulbagh 

Ceres ...    

25 

Other  western  Cape  Prov- 
ince.      

Other  Cape..        

0) 

(2) 

(') 

Transvaal 

1 

6 

(0 

3 

(0 

2 

0) 

0) 

0) 

(2) 

Natal 

Total 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Plums 

Pears 

Apples 

Constantia ..      ..  . 

2 

0) 

2 

20 

53 

7 

5 

8 

•  (0 

1 

0) 

2 
16 
46 

7 

6 
18 

1 

0) 

3 
21 
52 

7 

3 
10 

1 

(0 
1 

ft 

l 

i 

3 
5 

19 
40 
3 
2 
21 
3 

1 
2 

3 
2 
5 
11 
24 
1 

0) 

41 
13 

0) 
(2) 

4 
2 
6 

7 
9 

48 
23 

0) 

(2) 

5 

3 

8 

10 

16 

(0 

1 

48 

9 

"nf 

0) 
(0 
0) 

3 
3 

10 
8 
6 

5 

31 

2 

2 

2 
24 

1 
3 

~~60~ 

0) 

4 

6 

66 

Stellenbosch 

4 

Paarl 

1 

Wellington .  .. 

Tulbagh 

53 
16 

8 

0) 
13 

2 

8 
1 
4 
8 

30 

4 
1 

40 

1 

2 
4 

7 

(0 
6 

Other  western  Cape  Prov- 

Other  Cape 

0) 

(*) 

4 

(0 
(0 

6 

2 

1 

3 

(2) 

8 

0) 

(2) 

1 

(2) 

"(0" 

19 

36 

4 

3  19 

Natal. 

Total 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Locality 

Grapes 

Total 

1928 

1929 

1930 

1931 

1928* 

1929 

1930 

1931 

Percent 
41 

1 

Percent 
47 

Percent 

39 

2 

Percent 

42 

2 

Percent 

Percent 
21 
1 
8 
8 
22 
1 
1 

17 
15 

(0 

(2) 

Percent 

:3 

2 

9 

11 

25 

2 

1 

24 

12 

0) 
(0 

1 
0) 
0) 

Percent 
19 

2 

Caledon 

13 

9 

27 

4 

1 
1 
15 

7 
19 

1 
0) 
(0 

22 

6 

25 

3 

?! 

24 

5 
20 

(') 
(>) 

0) 

27 
0) 
4 

9 

Paarl 

20 

Wellington..  .      

1 

Tulbagh 

1 
17 

15 

Other  western  Cape  Province 

1 

Other  Cape 

1 

3 

1 

2 

Orange  Free  State 

Transvaal .    .. 

0) 

(2) 

6 
(2) 

0) 
(0 

Natal 

0) 

(0 

Total 

100 

100 

100 

100 

100 

100 

100 

1  Less  than  0.5  percent. 
s  Included  with  Transvaal. 

3  Origin  not  known;  produced  either  in  the  Transvaal  or  western  Cape  area. 

4  Not  given. 

Reports  of  the  chief  government  fruit  inspector,  The  Deciduous  Fruit  Export  Season,  1927-28,  1928-29, 
1929-30,  and  1930-31. 
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similar  products  from  Canada,  Australasia,  and  the  United  States 
on  the  markets  of  the  United  Kingdom.  Consequently  the  price  paid 
for  South  African  apples  and  pears  will  follow  the  price  trend  for 
comparable  varieties  of  apples  and  pears  from  these  competing 
sources  and  will  be  less  affected  by  the  expansion  of  production  in 
South  Africa. 


Figure  41. — Apple  orchards  near  Elgin,  western  Cape  Province.     Most  of  the  apple  exports 

originate  in  this  area. 

Table  62. — Fresh  fruit:  Imports  into  the  United  Kingdom  and  percentage  from 
South  Africa,  December  to  May  1930-31  and  calendar  year  1931 


Apricots 

Peaches 

Plums 

Pears 1 

Grapes 

Apples 

Year  and 
month 

Total 
im- 
ports 

Per- 
cent- 
age 
from 
South 
Africa 

Total 
im- 
ports 

Per- 
cent- 
age 
from 
South 
Africa 

Total 
im- 
ports 

Per- 
cent- 
age 
from 
South 
Africa 

Total 
im- 
ports 

Per- 
cent- 
age 
from 
South 
Africa 

Total 
im- 
ports 

Per- 
cent- 
age 
from 
South 
Africa 

Total 
im- 
ports 

Per- 
cent- 
age 
from 
South 
Africa 

1930-31 

December 

January 

February 

March 

Short 

tons 

3 

20 

(2) 

100 
100 
100 

Short 

tons 

13 

269 

492 

304 

2 

3 

5,264 

100 
100 
100 
97 

80 

"""ja" 

Short 

tons 

5 

502 

356 

673 

270 

38 

28,728 

"i66~ 

100 

98 

30 

..... 

Short 
tons 
6,832 
2,800 
2,184 
4,648 
3,304 
3,976 
69,  385 

"""is" 

17 
30 
4 
3 

Short 
tons 
3,472 
1,008 
784 
1,680 
1,848 
1,456 
52,920 

80 

67 

23 

6 

Short 
tons 
39,  032 
29,  736 
23,  464 
21,  560 
26,  936 
26,  096 
425,  659 

(2) 
(2) 
(2) 
(2) 

April 

(2) 

May 

857 
4,984 

..... 

(2) 

1931 

(2) 

1  1931  was  a  year  of  short  crop  in  the  Union  of  South  Africa. 
3  Less  than  0.5  percent. 

Empire  Marketing  Board,  Fruit  Supplies  in  1931  (12). 


PINEAPPLES 


There  are  about  11,000  acres  of  pineapples  in  the  Union,  chiefly  in 
Bathurst  district,  east  of  Port  Elizabeth.  Between  1921  and  1926 
exports  of  fresh  pineapples  from  the  Union  of  South  Africa  rose 
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from  550  to  2,090  shipping  tons.  Since  that  time  exports  have 
fluctuated  around  1,000  shipping  tons. 

The  Government  horticulturist  at  Port  Elizabeth  believes  that  in 
the  area  north  of  Durban,  especially  in  Lower  Umfolozi  district, 
conditions  are  even  more  suitable  for  pineapple  production  than  in 
the  Bathurst  area. 

In  many  respects  the  new*  area  is  similar  to  the  Bathurst  area. 
This  area  is  hilly  and  covered  with  small  bush  or  trees  and  tall 
grass.  The  soils  are  variable  but  are  similar  to  the  Bathurst  soils, 
ranging  from  sandy  to  heavy  clay  loams.  Rainfall  fluctuates  around 
25  inches,  as  at  Bathurst,  but  has  varied  from  57  inches  in  1925 
to  17  inches  in  1931.  The  atmosphere  is  satisfactorily  humid  in  this 
new  area ;  in  fact,  the  humidity  is  generally  from  75  to  85,  as  com- 
pared with  60  to  75  in  the  Bathurst  area.  The  maximum  tempera- 
tures seldom  exceed  100°  F.  and  are  generally  lower  than  in  the 
Bathurst  area.  The  minimum  temperatures  over  a  3-year  period 
were  slightly  below  freezing  point  on  three  occasions,  all  in  the  same 
year,  whereas  in  the  Bathurst  area  no  temperature  has  been  reported 
to  be  below  32°.  The  wind  velocity  is  not  high.  This  new  area 
is  practically  free  from  diseases  and  insect  pests  affecting  pineapples ; 
in  fact,  pineapple  diseases  are  rather  rare  in  the  Bathurst  area,  where 
pineapples  have  been  grown  for  60  years. 

A  considerable  number  of  growers  have  already  begun  to  grow 
pineapples  in  this  new  area.  A  very  large  acreage  of  land  is  suit- 
able for  their  cultivation.  Growers  are  producing  Smooth  Cayenne 
pineapples  ranging  in  size  from  5  to  8  pounds,  as  compared  with  the 
Queen  variety  in  the  Bathurst  area,  the  fruit  of  which  weighs  only 
1  to  iy2  pounds.  One  grower  estimates  that  a  production  of  20 
tons  per  acre  can  be  obtained. 

This  new  area  was  first  settled  by  Europeans  after  the  World 
War.  Cattle  farming  was  unsuccessful  on  account  of  the  tsetse  fly, 
and  cotton  growing  was  abandoned  because  of  low  prices.  A  small 
amount  of  land  under  irrigation  near  the  coast  is  planted  with 
sugarcane.  It  is  thought  that  pineapples  will  be  extensively  planted 
on  unirrigated  lands. 

OIJVES 

Olives  have  been  grown  to  some  extent  since  1885  at  least,  but 
they  are  not  sufficiently  numerous  to  justify  a  separate  classification 
in  the  agricultural  census  reports.  There  are  several  important 
growers  in  the  Capetown  area.  There  is  one  plantation  of  50,000 
to  60,000  trees  near  Paarl,  from  which  1,000  gallons  of  olive  oil  and 
about  4  tons  of  olives  were  sold  in  1932. 

The  local  price  paid  for  oil  was  from  18  shillings  to  1  pound  4 
shillings  ($4.38  to  $5.84)  per  gallon,  while  the  price  of  the  olives 
ranged  from  6  shillings  6  pence  to  12  shillings  6  pence  ($1.58  to 
$3.04)  per  case  of  26  to  28  pounds.  The  Union  exports  practically 
no  olive  oil  and  imports  about  30,000  to  40,000  gallons  per  year.  A 
slight  expansion  in  this  agricultural  industry  may  be  expected. 

PRICES 

The  prices  obtained  for  South  African  deciduous  fruit  on  the  Lon- 
don market  during  recent  years  have  proved  profitable,  judging  by 
the  expansion  in  production.     Prices  at  the  end  of  the  season  are 
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usually  lower  than  at  the  beginning,  and  an  average  price  is  difficult 
to  ascertain.  There  are  also  price  differences  between  the  grades  of 
each  fruit  sold.  Subject  to  these  limitations,  table  63  reflects  the 
trend  of  prices  obtained  in  London  for  first-quality  South  African 
fruit.  During  the  1931-32  season  these  prices  were  subject  to  a 
foreign -exchange  discount  of  25  to  35  percent,  which  was  substan- 
tially offset  by  an  export  subsidy  paid  by  the  South  African  Govern- 
ment. The  prices  in  1933  were  not  subject  to  the  exchange  discount 
but  were  supplemented  by  the  same  export  subsidy.  Much  higher 
prices  were  received  in  the  5-year  period  1922-23  to  1926-27  than  in 
the  last  3  years.  This  decline  is  explained  by  the  increasing  ship- 
ments to  the  United  Kingdom.  It  is  interesting  to  note  the  course 
of  the  prices.  Peaches,  plums,  and  grapes  brought  much  lower  prices 
in  recent  years,  whereas  pears  registered  a  much  smaller  price  change. 
This  was  because  pears  from  South  Africa  do  not  dominate  the 
market  and  the  South  African  volume  has  less  effect  on  prices. 


Table  63. 


•Fresh  fruit:  Index  numbers  of  prices  of  South  African  fruit, 
c.  i.  f.  London,  1912  and  1923-33 

[1925  average  =  100]  ■ 


Peaches 

Plums 

Pears 

Grapes 

Year 

Meth- 
ley 

Wick- 
son 

Santa 
Rosa 

Kelsey 

Bart- 
lett 

Beurre 
Bosc 

Winter 
Nelis 

White 
Hane- 
poot 

Wal-       Qros 
tham  '    Col- 
Cross       man 

1912 

1923-.- 

1924 

1925 

1926 

1927 

62 
85 
100 
100 
77 
100 
31 
31 
31 

~"l40~ 
160 
100 
90 
150 

77 
97 
90 
100 
79 
69 

"""ill" 

94 
100 
83 
89 

49 
98 
102 
100 

82 

87 
91 
100 
100 
96 

104 
104 
109 
100 
100 

77 
83 
92 
100 
85 

60 
116 

98 
100 
109 

28  48 
103              97 

97  110 
100             100 

97  100 
90 

1931 

41 
44 
44 

84 
84 
65 

55              68 

1932 

1933 

48 

48             33 

87 
52 

70 
70 

62 
62 

69              68 
52              45 

i  1925  prices  (converted  at  par):  Peaches  $3.16,  Methley  $1.22,  Wickson  $1.76,  Santa  Rosa  $2.19,  Kelsey 
$2.74,  Bartlett  $1.40,  Beurre  Bosc  $1.40,  Winter  Nelis  $1.58,  White  Hanepoot  $2.61,  Waltham  Cross  $3.53, 
and  Gros  Col  man  $3.77. 

South  African  Department  of  Agriculture,  Science  Bulletin  73  (6),  and  newspaper  quotations. 


METHODS  OF  PRODUCTION 

The  orchards  and  vineyards  of  western  Cape  Province  are  attrac- 
tively situated  in  the  valleys  and  on  the  slopes  of  the  mountains  that 
rise  behind  Capetown.  The  climate  varies  amazingly  within  a  few 
miles,  so  that  some  districts  are  most  suitable  for  table  grapes,  some 
for  wine  grapes,  some  for  raisins,  some  for  apricots,  some  for  pears, 
and  others  for  peaches  and  plums.  The  similarity  with  California 
fruit  areas  is  striking.  The  amount  of  rain  and  its  seasonal  distribu- 
tion, protection  from  strong  winds,  and  soil  conditions  are  the  fac- 
tors determining  this  geographical  specialization. 

The  type  of  farm  is  discussed  elsewhere n  in  connection  with 
methods  of  Turkish  tobacco  production  which  frequently  occurs  on 
the  same  farms.  However,  the  competition  for  labor  at  the  critical 
season  between  tobacco  and  fruit  is  causing  tobacco  production  to 
shift  south  and  west  from  the  Stellenbosch-Paarl  center,  leaving  fruit 


n  Tobacco,   p.  229. 
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predominant  on  these  farms.  Small  streams  are  used  for  irrigating 
orchards  and  vineyards  in  most  districts,  but  grapes,  especially,  are 
grown  in  many  areas  where  rainfall  is  adequate  or  where  irrigation 
water  is  unavailable  and  the  rainfall  is  insufficient  for  fruit  trees. 
The  soil  is  frequently  shallow,  and  the  land  for  further  orchard  and 
vineyard  expansion  in  this  area  is  distinctly  limited. 

The  usual  insects  and  diseases  common  in  the  United  States  are 
prevalent,  and,  in  addition,  the  Mediterranean  fruit  fly  is  found. 
San  Jose  scale  occurs  elsewhere  in  the  Union  and  in  1932  an  isolated 
outbreak  near  Capetown  was  met  with  vigorous  efforts  to  stamp  it 
out  and  prevent  its  spread  in  this  important  area.  Frosts  occur 
occasionally  in  western  Cape  Province  and  frequently  in  the  ele- 
vated Orange  Free  State  and  Transvaal  Provinces.  Hail  is  serious 
on  the  high  veld  but  not  in  western  Cape  Province.  Heavy  winds 
are  often  particularly  damaging.  Delayed  foliation  of  fruit  trees, 
especially  peaches,  due  to  warm  dry  winters  sometimes  causes  a  short 
crop.  A  cold  wet  winter  is  conducive  to  a  good  production  of 
peaches,  pears,  and  grapes.  It  is  believed  that  winter  temperature 
and  humidity  conditions  around  Wellington.  Paarl,  and  French  Hoek 
are  unsuitable  for  the  production  of  peach  varieties  now  in  use  and 
that  delayed  foliation  is  largely  accountable  for  the  failure  of  prunes 
in  the  western  Cape  Province,  where  hundreds  of  thousands  of  trees 
have  been  removed  within  the  last  few  years.12  New  varieties  or  new 
methods  of  caring  for  the  trees  may  offer  a  solution  to  this  problem 
and  extend  the  area  in  which  these'trees  may  be  grown.  The  use  of 
oil  sprays  is  giving  encouraging  results. 

Table  64  shows  the  monthly  distribution  of  rainfall  at  four  im- 
portant points  and  the  months  at  which  blooming  and  picking  of  the 
various  fruits  occur. 

Table    64. — Rainfall    in    the    deciduous-fruit    districts    of    the    western    Cape 
Province,   normal  and  1032 


Blooming ! 

Picking  i 

Tokai 

Stellenbosch 

Pa;irl 

Crro^ 

Month 

Chiefly 
grapes 

Chiefly 

plums  and 

pears 

Chiefly 

plums  and 

grapes 

Chiefly 
pears 

Nor- 
mal 

1932 

Nor- 
mal 

1932 

Nor- 
mal 

1932 

Nor- 
mal 

1932 

January .       . 

B.C.D.E.F. 
C,D,E,F,G. 

D.E.G 

D,E,G 

G 

Inches 
1.14 
.64 
1.30 
2.76 
5.14 
7.25 
6.03 
5.50 
3.87 
2.88 
1.91 
1.27 

Inches 

1.25 

3.06 

.80 

.51 

8.03 

7.19 

4.01 

4.97 

7.17 

2.75 

.38 

1.92 

Inches 

0.80 

.55 

.92 

2.24 

4.18 

4.92 

4.03 

3.83 

2.73 

2.20 

1.39 

.78 

Inches 

1.05 

4.26 

.38 

.55 

5.30 

4.40 

3.00 

2.54 

2.73 

1.14 

.44 

.77 

Inches 

0.87 

.51 

.92 

2.65 

5.00 

6.26 

4.71 

4.87 

3.23 

2.33 

1.35 

.91 

Inches 

1.51 

4.13 

1.39 

.42 

5.33 

9.27 

3.19 

3.81 

3.24 

.51 

.41 

.75 

Inches 
1.05 
.55 
1.02 
2.86 
5.90 
7.87 
6.00 
5.83 
3.97 
3.49 
1.73 
1.25 

Inches 

2.14 

7.09 

1.09 

.68 

4.12 

7.76 

2.17 

3-37 

1.68 

1.67 

.84 

.94 

February...     ..     .' 

March ... 

April.  . . 

May _• 

June .  .. 

July 

August 

September 

F 

A,B,C,D,E,F. 

D,E,G 

O 

October 

November 

December 

A,B,C,F.__. 

Total 

39.69 

42.04 

28.57 

26.56 

41.52 

33.55 

1  " 



1  A,  apricots;  B,  peaches;  C,  nectarines;  D,  pears;  E,  apples;  F,  plums  and  prunes;  and  G,  grapes. 


A  ricuUureent   b"V    °"    S"    H*    Reinecke'    horticulturist,    Stellenbosch-Elsenburg   College   of 
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There  are  three  distinct  fresh  grape  growing  districts  near  Cape- 
town. The  Paarl  district  is  usually  the  first  to  place  grapes  on  the 
market  and  ends  its  shipments  with  Waltham  Cross  (Rosaki),  Red 
and  White  Hanepoot,  and  Barlinka,  just  when  the  second  district, 
Constantia,  is  about  to  start  with  its  Red  Hanepoot,  White  Hanepoot, 
Gros  Colman,  Raisin  blanc  (Servan  blanc),  and  Henab  Turki  (Tri- 
sere  du  Japon) .  Similarly,  toward  the  peak  of  the  Constantia  season, 
the  latest  of  these  three  districts,  Hex  River  and  De  Dooms,  begins  to 
export  and  continues  for  at  least  a  fortnight  with  Waltham  Cross, 
Barlinka,  and  Almeria  grapes  after  the  Constantia  district  has 
completed  its  shipments. 


Figure  42. — Grape  vineyards  near  Capetown  :  carefully  trellised  table  grapes  in  foreground 
and  wine  grapes  in  the  background. 

Vineyards  in  western  Cape  Province  are  planted  on  hillsides  and 
on  level  valley  lands  (fig.  42).  A  northern  slope  facing  the  midday 
sun  is  preferred  for  table  grapes.  The  low-lying  soils  are  more 
commonly  used  for  wine  grapes  or  (behind  the  mountains)  for  the 
dried  product.  Ten  acres  of  grapes,  as  compared  with  35  acres  of 
tree  fruits,  are  deemed  necessary  for  an  economic  unit.  About  25 
varieties  are  grown  for  fresh  export.  The  principal  varieties  in  each 
of  the  chief  fresh-grape  exporting  areas  are  shown  in  table  65. 

The  percentage  of  total  grape  exports  in  1931  represented  by  these 
varieties  was  as  follows : 
White  grapes :  Percent 

White  Hanepoot 15 

Raisin  blanc  (Servan  blanc) 8 

Waltham   Cross    (Rosaki) 28 

Almeria 9 

Red  grapes : 

Red1  Hanepoot 12 

Flame   Tokay 1 
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Black  grapes:  Percent 

Black  Prince    (Black  Hamburg) 0.1 

Gros    Colman 9 

Barbarossa 1 

Prune  de  Cazouls 3 

Henab  Turki    (Trisere  du  Japon) 7 

Hermitage 1 

Barlinka . —  3 

Gros   Noir .  3 

Table  65. — Grapes,  fresh:  Leading  varieties  grown,  in  the  principal  areas  for 

export 


Area 

Season 

White 

Red 

Black 

Paarl 

[Early 

Midseason.. 

fWaltham  Cross.. 
\ White  Hanepoot. 

Red  Hanepoot. 

Black  Prince  (Black  Haniburg)i 
Hermitage. 

Barbarossa,  Prune  de  Cazouls. 

(.Late..  

Barlinka,  Gros  Noir. 

(Early 

{Midseason.. 

WhiteHanepoot. 

Red  Hanepoot. 

Gros  Colman. 

Barbarossa,  Prune  de  Cazouls. 

Flame  Tokay. . 

Henab  Turki  (Trisere  du  Japon). 

fEarly 

<Midseason.. 

Waltham  Cross. . 

Hex  River  Valley 

(Worcester) . 

lLate 

Almeria.     

Flame  Tokay.. 

Barlinka. 

These  varieties,  all  European,  arc  mostly  grafted  on  American  root 
stocks  to  obtain  resistance  to  phylloxera.  The  rows  are  run  east  and 
west,  if  possible,  to  prevent  sunburning  the  fruit.  The  rows  are 
spaced  4  to  8  feet  apart  (wine  grapes  5  by  5  feet,  which  means  about 
1,700  vines  per  acre).  On  irrigated  lands  the  vines  are  closer  to- 
gether, and  on  dry  lands  they  are  farther  apart.  The  spacing  also 
depends  on  the  soil  and  the  variety.  For  producing  table  grapes  the 
vines  are  trellised,  often  with  T-shaped  supports  about  3  feet  high 
and  7  to  9  feet  apart,  carrying  2  wires  at  the  ends  of  the  crosspiece 
and  1  wire  12  inches  lower  attached  to  the  main  support.  The  grapes 
hang  down  freely,  are  well  shaded  and  easily  prethinned,  and  the 
bloom  is  not  damaged.  Pruning  is  done  during  the  winter  months 
June,  July,  and  August.  The  grapes  are  thinned  in  the  spring  (from 
November  to  January)  to  7  to  8  bunches  per  vine.  A  yield  of  3  to  5 
pounds  (one-third  to  one-half  box)  per  vine  is  expected.  The 
bunches  are  also  shaped  and  trimmed  while  being  prethinned.  The 
small  and  bad  berries  and  those  inside  the  bunch  are  carefully  clipped 
away.  As  this  work  must  be  done  by  skillful  workers  within  about 
6  weeks'  time,  it  is  an  important  limiting  factor  in  export-grape  pro- 
duction. The  operation  is  repeated  once  before  picking  and  once 
after  picking.  About  half  the  berries  are  removed  from  the  bunch 
by  thinning.  When  ripe,  the  bunches  are  cut  and  laid  single  layer 
in  a  field  box,  are  transported  to  the  packing  shed,  and  are  given 
the  final  thinning  before  being  packed  for  export  (fig.  43).  After 
transportation  to  the  docks  they  are  inspected  according  to  Govern- 
ment standards,  held  in  cold  storage,  and  shipped  under  refrigera- 
tion weekly  or  oftener.  The  trip  to  England  requires  17  days  or 
longer. 

The  boxes  are  12  by  18  inches,  outside  measurement,  and  5,  5%,  or 
6  inches  deep.  Each  bunch  is  individually  wrapped,  and  the  bunches 
are  packed  with  fine  excelsior  (wood  wool).  A  packed  box  weigh- 
ing 14%  to  15  pounds  contains  10  to  10y2  pounds  of  grapes  (1$). 
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In  1931,  659,476  boxes  of  exported  grapes  were  graded  as  follows: 
Selected,  31  percent;  choice,  69  percent. 

The  cost  of  producing  export  grapes  has  been  estimated  by  Perold 
(26,  pp.  632-636)  at  3  shillings  4  pence  (81  cents  at  par)  per  10- 
pound  box,  assuming  bare  land  to  cost  £100  ($486.67  at  par)  per  acre, 
establishing  £87  10  shillings  ($425.83  at  par)  per  acre  (the  life 
of  a  vineyard  being  estimated  at  33  years), management £35  ($170.33) 
at  par)  per  acre,  and  other  charges  to  be  at  prices  prevailing  just  prior 

to  1927.  In  addition, 
picking  and  packing 
per  box,  4  pence  (8 
cents),  packing  ma- 
terial, 7  pence  (14 
cents),  transporta- 
tion charges,  insur- 
ance, inspection, 
levy,  etc.,  1  shilling 
10  pence  (45  cents), 
and  commission  on 
10-shilling  price,  9 
pence  (18  cents), 
bring  the  total  cost 
of  production  and 
marketing  to  6  shill- 
ings 10  pence  ($1.66) 
per  box.  A  price  of 
6  shillings  8  pence 
per  box  on  the  Lon- 
don market  is  con- 
sidered sufficient  to 
cover  production 
and  marketing  costs 
when  yields  are  450 
boxes  per  acre.  One 
leading  grower  esti- 
mates costs  as  low  as 
4  shillings  6  pence 
($1.09  at  par)  per 
box,  considering  the 
present  subsidy  of  1  shilling  3  pence  (30  cents)  per  box.  Another 
grower  estimates  that  for  local  markets  a  price  of  1  shilling  9  pence 
(43  cents)  is  sufficient  to  cover  costs. 

METHODS  OF  MARKETING  FRUITS 

The  commercial  fruit  growers  in  the  Union  of  South  Africa  are 
well  organized  for  marketing.  There  are  17  local  deciduous-fruit 
associations,  with  a  combined  membership  of  1,186  growers.  Four 
of  these  associations  are  in  Transvaal,  1  in  Orange  Free  State,  and 
12  in  Cape  Province.  All  17  are  members  of  the  South  African 
Cooperative  Deciduous  Exchange,  which  performs  most  of  the  actual 
business  for  the  members.  Most  members  pack  and  ship  their  own 
fruit  (fig.  44).  There  is  practically  no  centralized  packing.  The 
exchange  handles  all  the  export  fruit  for  the  members  and  most  of 


Figure  43.'— Grapes  for  export  are  carefully  harvested  by 
Cape   colored   laborers. 
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the  fruit  shipped  by  members  for  local  sale.  The  exchange,  together 
with  its  component  associations,  supplies  members  with  packing  ma- 
terial and  other  farming  requisites.  There  are  actually  between 
1,500  and  2,000  commercial  growers  of  deciduous  fruit  in  the  Union, 
but  only  about  750  of  these  produce  deciduous  fruit  for  export. 
Only  about  40  percent  of  the  export  fruit  is  handled  by  the  exchange. 
The  exchange  maintains  an  office  in  Capetown  and  an  overseas  repre- 
sentative in  London.  The  growers  may  nominate  the  overseas  con- 
cern to  which  the  overseas  representative  will  have  the  fruit  delivered 
for  sale,  or  he  may  leave  the  overseas  representative  free  to  designate 
the  agents  through  whom  overseas  distribution  shall  be  made.  It  is 
the  function  of  the  overseas  representative  to  allocate  the  fruit  to  the 


Figure  44. — Bartl 


Chretien)   pears  in  the  Ilex  Elver  Valley  are  picked  in  early 
February. 


various  fruit  concerns  in  the  various  cities,  consideration  being  given 
to  the  fruit  specifically  nominated  for  them.  The  fruit  concerns  sell 
on  commission;  the  charge  usually  being  7%  percent  (fig.  45). 

The  South  African  Deciduous  Exchange,  Ltd.,  and  the  South 
African  Cooperative  Citrus  Exchange,  Ltd.,  are  the  sole  members  of 
a  federal  organization,  the  Fruit  Growers'  Cooperative  Exchange  of 
South  Africa,  Ltd.,  which  undertakes  supervision  of  shipping  and 
cold  storage.  All  three  exchanges  are  financed  from  the  Govern- 
ment levy  on  exported  fruit.  All  fruit,  whether  shipped  by  mem- 
bers or  nonmembers,  must  bear  the  export  levy.  This  may  operate 
indirectly  to  achieve  compulsory  cooperation  so  that  the  costs  of 
soliciting  patronage  and  the  other  overhead  costs  of  marketing  may 
be  kept  at  a  minimum.  The  Government  levy  on  deciduous-fruit  ex- 
ports is  5  shillings  ($1.22)  per  shipping  ton  of  40  cubic  feet,  plus 
another  5  shillings  (recently  3  shillings)  for  advertising  and 
propaganda. 


154     TECHNICAL   BULLETIN    4  6  6,    U.    S.    DEPT.    OF   AGRICULTURE 

The  Perishable  Products  Export  Control  Board  is  a  governmental 
body  which  arranges  shipping  space  and  assists  in  regulating  exports. 
It  is  maintained  by  a  portion  of  the  levies  collected  on  exports. 
During  the  1930-31  fiscal  year,  the  Perishable  Products  Export  Con- 
trol Board  received  £1,383  ($6,731)  from  the  deciduous-fruit  levy, 
£1,975  ($9,612)  from  the  citrus-fruit  levy,  £278  ($1,353)  from  the 
egg  levy,  and  £317  ($1,543)  from  the  butter  and  cheese  levy. 

In  1932  the  South  African  Cooperative  Deciduous  Exchange  was 
slightly  reorganized  to  make  each  grower  a  member  of  the  central 
exchange  as  well  as  a  member  of  the  local  association.  In  the  cen- 
tral exchange  each  member  grower  and  each  member  association  was 
given  1  vote  and  2  additional  votes  based  on  the  value  of  produce 
delivered  to  the  exchange  and  purchases  made  from  it  and  each 


Figure  45. 


-South  African  Bartlett  pears  exposed  for  sale  on  the  London  market.     This 
fruit  competes  with^ pears  from  the  United  States. 


member  subscribed  to  at  least  5  shares,  thus  providing  additional" 
capital.  This  legalizes  the  existing  policy  of  buying  supplies  direct 
for  fruit  growers. 

The  exchange  maintained  for  some  years  an  inland  marketing  de- 
partment which  was  not  self-supporting,  and  the  deficit  was  made 
up  out  of  the  levy  on  exports.  This  was  opposed  by  those  exporters 
who  were  not  interested  in  inland  sales,  with  the  result  that  the 
inland-marketing  department  was  abandoned  prior  to  the  opening 
of  the  1932-33  season.  A  Government  levy  of  1  penny  per  pound 
sterling  for  all  fruit  marketed  inland  has  been  proposed  for  the 
support  of  the  inland-marketing  department  if  it  is  revived. 

With  the  increase  in  volume  and  the  drop  in  prices,  South  African 
fruit  growers  undertook  in  1933  to  effect  material  reductions  in 
marketing  costs,  attempting  to  obtain  a  reduction  in  ocean  freight 
from  70  shillings  to  52  shillings  6  pence  ($17.03  to  $12.77  at  par)  per 
shipping  ton,  a  reduction  in  the  5  shillings  6  pence  ($1.34)  per  ton 
charge  for  snipping  services,  a  reduction  in  the  5  shillings  ($1.22) 
per  ton  per  week  charge  for  precooling,  and  a<  reduction  in  the  ex- 
port levy  of  5  shillings  ($1.22)  per  ton.    The  cooperative  exchange 
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charges  2  shillings  6  pence  (61  cents)  per  shipping  ton  for  shipping, 
carrying,  forwarding,  and  insuring  deciduous  fruit  and  1  shilling 
(24  cents)  per  shipping  ton  for  clearing  and  forwarding  imported 
packing  materials. 

The  success  with  which  South  African  fruits  are  meeting  on  Euro- 
pean and  Canadian  markets  is  chiefly  due  to  improvements  that  have 
been  made  in  precooling  and  transportation  facilities,  combined  with 
extreme  care  in  grading,  packing,  and  inspecting  the  fruit. 

The  physical  facilities  perfected  for  properly  packing  the  fruit, 
transporting  it  to  the  port,  precooling,  and  refrigeration  while  en 
route  to  overseas  destinations,  are  most  creditable.  From  a  quality 
point  of  view,  the  deciduous  fruits  exported  from  South  Africa  are 
to  be  highly  commended.  The  growers  are  skillful  farmers  served 
by  competent  educational  and  marketing  organizations.  The  export 
grapes  are  carefully  trellised  and  laboriously  prethinned.  The  tree 
fruits  are  picked  and  packed  with  the  utmost  care.  The  South  Afri- 
can Cooperative  Deciduous  Fruit  Exchange,  Ltd.,  appropriates  lib- 
erally for  the  purpose  of  research  work  in  production  and  marketing. 

The  Government  regulations  for  the  grading,  packing,  and  pre- 
cooling of  deciduous  fruits  are  contained  in  Government  Notice  No. 
2065  of  1930  and  No.  1398  of  1934.  These  elaborate  regulations  are 
enforced  with  meticulous  care  by  a  competent  corps  of  Government 
inspectors  stationed  at  the  various  ports  and  occasionally  at  inland 
points.  To  qualify  for  export,  every  lot  of  fruit,  whether  privately 
or  cooperatively  owned,  is  inspected  and  must  conform  to  regulations 
governing  maturity,  size,  condition,  and  freedom  from  insect  or  other 
injury.  No  fruit  with  visible  spray  residue  or  with  more  than  one- 
hundredth  of  a  grain  of  arsenious  oxide  per  pound  can  be  exported. 
The  type  of  box,  its  size,  and  method  of  packing  are  also  specified 
by  regulation.  The  fruit  is  precooled  in  Government-owned  plants 
at  the  ports.  The  temperature  is  carefully  maintained  at  34°  F. 
The  refrigeration  chambers  on  the  ship  must  also  be  maintained  at 
this  temperature.     No  fruit  can  be  exported  overseas  otherwise. 

Causes  of  rejections,  in  1930-31,  were:  Bad  picking  42  percent; 
bad  packing,  37  percent;  diseases  and  pests,  18  percent;  and  pro- 
hibited varieties,  3  percent.  In  the  case  of  grapes,  59  percent  of 
those  rejected  were  rejected  because  of  wastiness  and  38  percent 
because  they  were  below  export  quality. 

The  standards  are  high.  Only  31  percent  of  the  grape  exports  of 
1930-31  were  Select  grade,  the  remainder  being  Choice.  It  is  ap- 
parent that  South  African  growers  have  the  usual  difficulty  in  elimi- 
nating defects  from  the  export  fruit,  but  by  rigid  inspection  and 
educational  service  to  growers,  the  quality,  already  high,  is  being 
continually  improved  (fig.  46). 

Most  of  the  exports  go  to  England ;  a  few  go  to  Scandinavian  and 
other  continental  markets  and  to  Canada.  None  go  to  the  United 
States  because  of  the  fruit-fly  quarantine,  although  the  latter  has  been 
modified  recently  with  respect  to  grapes.  The  Deciduous  Fruit  Ex- 
change is  unable  to  make  regular  consignment  of  fruit  to  continental 
markets  as  there  are  no  regular  direct  shipping  facilities,  so  potential 
customers  in  the  Netherlands,  Belgium,  and  Germany  cannot  be  as- 
sured a  continuity  of  supply.  Scandinavia  is  one  of  South  Africa's 
best  markets,  yet  the  exchange  representative  there  constantly  has  to 
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supplement  his  supplies  from  South  Africa  with  fruit  reconsigned 
from  London.  The  high  cost  of  reshipping  South  African  fruit 
from  Southampton  to  continental  markets  is  more  than  the  premium 
to  be  obtained  on  continental  markets  over  prices  in  England.  The 
growers  who  are  members  of  the  exchange  have  control  over  the 
destinations  selected.  Few  are  willing  to  run  the  risk  of  obtaining 
prices  lower  than  those  obtained  in  London.  The  exchange,  there- 
fore, must  guarantee  London  parity  in  order  to  make  shipments  to 
the  Continent.  During  1930,  the  Deciduous  Fruit  Exchange  in- 
curred a  cash  loss  of  over  £5,000  ($24,330)  in  its  endeavor  to  sell 
South  African  fruit  on  the  Continent. 


TTF 


z 


FlGDBB  -MS. — South  African  plums  displayed  for  sale  in  London,  partially   removed  from 
paper  wraps.     South  African  fruit  is  well  graded  and  well  packed. 

The  high  duties  imposed  by  continental  countries  on  South  Afri- 
can fruit  constitute  another  reason  why  consignments  to  the  Con- 
tinent are  so  small.  However,  exchange  officials  feel  confident  that 
the  Scandinavian  authorities  will  cancel  the  existing  duty  on  South 
African  fruit,  in  consideration  of  the  fact  that  South  African 
growers  buy  their  boxwood  and  fruit-packing  material  from  Sweden. 
No  similar  argument  can  be  brought  to  bear  on  other  continental 
countries. 

The  ocean  freight  rate  from  South  Africa  to  England  for  decid- 
uous fruits  is  70  shillings  ($17.03  at  par  of  exchange)  per  shipping 
ton  of  40  cubic  feet.  This  is  considerably  higher  than  the  rate  of 
52  shillings  6  pence  ($12.77)  for  citrus  fruits,  probably  because  of 
the  extra  care  and  handling  in  refrigeration  that  is  necessary  for 
deciduous  fruits. 

An  Indian  shipping  company  has  decided  to  equip  four  of  its 
steamers  with  refrigerators  for  carrying  fruit  to  India.  Each  ship 
will  be  equipped  to  carry  300  tons  of  fruit.  The  Deciduous  Fruit 
Exchange  has  sent  a  representative  to  Bombay  to  investigate  the 
possibilities  of  developing  these  markets  for  South  African  fruit. 

During  the  1932-33  season  fruit  was  railed  from  Capetown  to 
Durban  at  a  cost  of  33  shillings   ($8.03  at  par)   per  shipping  ton 
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refrigerated,  or  18  shillings  ($4.88)  per  ton  unrefrigerated.  Freight 
from  Durban  to  Bombay  cost  50  shillings  ($12.16)  per  shipping  ton. 
Properly  refrigerated  boats  left  Durban  for  Bombay  fortnightly 
and  required  19  days  for  the  trip,  but  the  ships  arrived  on  Saturdays 
so  the  time  consumed  in  reaching  the  market  was  somewhat  pro- 
longed. The  fruits  considered  as  most  likely  to  be  marketed  suc- 
cessfully in  India  are  pears,  apples,  and  grapes.  Australian  fresh 
fruit  provides  competition,  but  is  said  to  be  shipped  only  as  deck 
cargo  and  is  not  $qual  in  quality  to  South  African  fruit. 

METHODS  OF  MARKETING  WINE 

About  80  percent  of  the  grape  crop  is  converted  into  wine  and 
related  products.  The  varieties  are  mostly  other  than  those  used 
for  table  grapes:  Steen  (Stein),  Greengrape,  White  French,  Musca- 
del  Red,  and  White.  The  varieties  Hanepoot  and  Hermitage  are 
used  for  either  wine  or  table  grapes,  and  Hanepoot  grapes  are  used 
for  raisins. 

Some  good  table  wines  are  produced  and  marketed  by  individual 
growers,  chiefly  pure  natural  wines  (light  dry  types),  mostly  white 
wine,  and  a  smaller  quantity  of  fortified  wines,  mostly  red.  The 
export  wines  are  chiefly  of  the  sweet  and  heavy  types  (fortified). 
Conditions  of  climate  and  soil  make  South  African  light  wines 
stronger  than  the  European  varieties.  They  average  from  13  to 
14  percent  of  alcohol,  or  23  to  24  percent  proof  spirit.  The  pro- 
duction of  good  table  wines  represents  only  about  20  percent  of  the 
total  wine  production,  the  remainder  is  inferior  distilling  wine. 

All  wines  used  for  distillation  are  by  law  sold  exclusively  through 
the  Cooperative  Wine  Growers'  Association  (the  K.  W.  V.)  to  the 
merchant  distillers,  of  whom  there  are  only  four  of  importance. 
These  buy  distilling  wine  direct  from  the  farmer  and  pay  through 
the  K.  W.  V.  for  the  quantities  purchased  at  the  price  set  by  that 
association,  which  has  been  £7  18  shillings  9  pence  ($38.63  at  par)  per 
leaguer 13  since  1924.  The  surplus  distilling  wine  is  delivered  to  the 
K.  W.  V.  for  distillation  and  export,  so  far  as  is  possible,  in  fortified 
wines.  Good  wines  for  consumption  are  sold  to  the  merchant  dis- 
tillers or  to  the  wholesalers,  and  the  K.  W.  V.  has  nothing  to  do  with 
setting  these  prices  and  remitting  these  funds  to  the  growers.  In 
1921  the  merchants  paid  £2  ($9.73  at  par)  per  leaguer  more  for  good 
wine  than  the  price  paid  by  the  K.  W.  V.  to  growers  for  distilling 
wine. 

This  premium  was  continued  for  several  years  after  the  act  of  1924 
was  passed,  but  recently  they  have  paid  as  low  as  £4  5  shillings  to  £5 
($20.68  to  $24.33  at  par)  per  leaguer  for  good  wine  as  compared 
with  the  price  of  £3  3  shillings  6  pence  ($15.45  at  par)  paid  by  the 
K.  W.  V.  to  growers  for  distilling  wine.  That  association  is  still 
paying  growers  £5  and  £6  ($24.33  and  29.20  at  par)  for  good  wines 
for  export  purposes. 

The  4  principal  distilling  merchants  sell  to  the  wholesalers,  to 
the  retailers,  and  to  about  12  merchants  who  sometimes  buy  also  from 
the  K.  W.  V.  or  from  the  farmer.  There  are  about  200  wholesalers 
and  3,000  retailers  in  the  Union.    The  retail  establishments  are  mostly 

13  A  leaguer  is  153.7  United  States  gallons. 
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owned  or  controlled  through  credit  by  the  big  brewery  companies 
whose  headquarters  are  overseas.  They  are  chiefly  concerned  with  the 
sale  of  beer,  and  the  wine  growers  complain  that  inordinately  high 
margins  of  profit  are  charged  for  wines  and  brandies  as  compared 
with  beer.  Light  wines  are  bought  from  growers  at  iy2  pence  (3 
cents)  per  bottle  and  retailed  by  bottle  stores  (for  consumption  off 
the  premises)  at  12  to  18  pence  (24  to  37  cents)  per  bottle.  Growers 
are  prohibited  by  law  from  selling  more  than  4  gallons  of  wine  at 
a  time  and  then  only  to  persons  occupying  a  house  to  the  value  of 
£250  ($1,217  at  par).  This  is  aimed  to  prevent  excessive  sales  to  the 
colored  population.  Permits  must  be  obtained  from  the  police  both 
for  sale  by  the  farmer  and  for  delivery  by  the  purchaser.  Conse- 
quently, only  a  few  farmers  engage  in  this  intricate  business  of 
selling  wines  direct  to  consumers. 

Wine  growers  are  well  organized.  Soon  after  1900  a  number  of 
cooperative  wineries  were  organized  to  improve  the  quality  and  de- 
crease the  cost  to  individual  growers  of  manufacturing  and  maturing 
wines.  Five  of  these  associations  are  still  in  existence,  with  a  mem- 
bership of  88,  capital  and  reserves  of  £30,000  ($145,988  at  par)  and  a 
turn-over  in  1927  of  £50,000  ($243,330  at  par) .  These  wineries  manu- 
facture good  wine  for  consumption  and  sell  in  bulk  under  contract  to 
wholesale  merchants.  One  company  bottles  its  wine  and  sells  direct 
to  retail  merchants. 

The  K.  W.  V.  was  organized  in  1917.  Its  membership  of  3,165  in- 
cludes nearly  all  of  the  wine  growers.  The  paid-up  capital  and  re- 
serves in  1927  was  £525,000  ($2,555,000),  and  the  turn-over  for  that 
year  was  £503,000  ($2,488,000).  The  Wine  and  Spirits  Control  Act 
(No.  5  of  1924)  gave  the  association  absolute  monopoly  control  over 
the  sale  of  all  distilling  wine  whether  produced  by  members  or  non- 
members.  Every  wine  grower  in  Cape  Province  must  render  to  the 
association  on  a  certain  date  each  year  a  return  for  all  wines,  spirits, 
and  brandy  produced  by  him  and  must  state  what  quantity  he  has  for 
disposal  for  consumption  as  wine  and  what  quantity  he  has  for  sale 
as  distilling  wine. 

It  is  the  duty  of  the  K.  W.  V.  to  make  an  estimate  at  the  beginning 
of  each  year  of  the  probable  production  and  consumption  for  that 
year  of  distilling  wines  in  South  Africa,  that  is,  wines  to  be  used 
for  distilling  into  brandy  or  spirit  and  for  fortifying  sweet  wines. 
If  the  consumption  figure  happens  to  be  two-fifths  of  the  production 
(the  1933  surplus  declaration  was  60  percent)  the  wine  grower  is 
then  entitled  to  sell  to  the  merchants  for  brandy  and  wine-fortifying 
purposes  two-fifths  of  his  supply  at  the  price  fixed  by  the  K.  W.  V., 
which,  since  the  passing  of  the  Wine  and  Spirit  Control  Act,  has 
been  £7  18  shillings  9  pence  ($38.63  at  par)  per  leaguer  of  20  per- 
cent alcoholic  content.  The  price  previously  paid  was  £3  ($14.60) 
per  leaguer.  The  remaining  three-fifths  mUst  be  delivered  free  of 
charge  to  the  K.  W.  V.,  or  the  grower  may  in  practice  sell  his  vintage 
and  pay  for  his  surplus  in  cash,  with  which  the  association  purchases 
the  wines  of  other  wine  growers  who  were  unable  to  sell  their  desig- 
nated percentage.  The  surplus  is  stored,  destroyed,  or  distilled,  and 
the  product  is  sold  outside  the  Union  by  the  K.  W.  V.  That  associa- 
tion deducts  from  the  returns  enough  to  deal  with  the  surplus  and 
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each  year  fixes  the  price  which  it  remits  to  the  farmer.  The  byprod- 
uct return  from  a  part  of  this  surplus  enables  the  association  to  fix  the 
surplus  percentage  at  60  percent  instead  of  some  higher  figure  or, 
if  any  profit  arises,  it  is  added  to  the  financial  reserves  of  the 
cooperative. 

Although  the  K.  W.  V.  cannot  sell  these  distilling  wines  for  less 
than  £7  18  shillings  9  pence  ($38.63  at  par)  per  leaguer  for  use 
in  the  wine  trade  of  South  Africa,  it  can  and  does  use  the  spirit  (at 

s  i  ( 


least  500,000  proof  gallons  annually)  from  these  surplus  wines  for 
the  fortifying  of  its  good  wines  for  export.  The  K.  W.  V.  has 
started  its  own  export  sales  company  in  Great  Britain,  the  South 
African  Wine  Farmers'  Association,  London,  Ltd.  Between  1927 
and  1931  the  exports  of  the  association  of  fortified  wine  and  concen- 
trated grape  juice  increased  from  380,000  United  States  gallons  to 
1,824,000,  but  in  the  latter  year,  after  allowing  for  the  consumption 
of  nearly  5,000,000  gallons  in  the  form  of  good  wines  and  spirits  used 
for  fortification  purposes,  the  surplus  remaining  from  the  ever- 
expanding  production  amounted  to  almost  10,000,000  gallons. 

The  figures  in  table  66,  based  upon  reports  of  the  K.  W.  V.,  are 
indicative  of  the  recent  circumstances  which  have  led  to  the  present 
surplus  of  wine. 

Table   G6. — Wine    and   spirits:  Production,    consumption,    and    price    Union   of 
South  Africa,  J 923  to  1933 


Year 

Wine  pro- 
duced 

Distilled  spirits  • 

Price  per  gallon  for  dis- 
tilling wine 

Consump- 
tion 

On  hand  end 
of  year 

To  mer- 
chants 2 

To  growers 

1923              

1 ,000  gallons  3 

16,907 

13, 149 

17,955 

17,563 

17,877 

21.712 

22,328 

24,956 

«  22,  510 

»  27, 918 

5  27,  221 

1,000  gal  Ions3 
1,114 
1,094 
1,115 
1,162 
1,143 
1,146 
1,069 
1,010 
925 
827 

1,000  gallons* 

Cents 

Cents 

1924 

*25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

1925 

1926 ., 

16 

1927                          - 

16 

1928 

16 

1929                    

3,417 
4,205 
4,516 
5,478 
4,520 

15 

1930                . 

13 

1931..      

11 

1932 .. 

10 

1933«              

10 

1  Proof  gallons,  eliminating  spirits  under  rebate  of  duty,  export  allowances,  etc.,and  eliminating  produce 
of  sugar  and  produce  of  grain . 

2  At  20-percent  strength.    Prices  converted  at  par  of  exchange. 

3  United  States  gallons. 

*  Price  in  1921  was  29  cents  (at  par)  perUnited  States  gallon. 

8  Not  corrected  for  higher  wine  equivalent  of  fortified  wine  and  brandy. 

e  Wine  production  in  1934  was  30,630,000  gallons. 

Union  of  South  Africa,  census  and  customs  reports;  K.  W.  V.  reports  and  correspondence. 

There  is  a  surplus  of  good  wine  which  must  be  delivered  as  dis- 
tilling wine  to  the  K.  W.  V.  The  latter  discourages  the  production 
of  inferior-quality  wine,  especially  acid  wines,  by  deducting  10  per- 
cent when  the  wines  contain  more  than  1.4  grams  per  liter  of  acetic 
acid.  The  K.  W.  V.  also  proposes  to  persuade  its  members  to  agree 
to  a  sliding  scale  which  will  diminish  the  price  paid  to  the  growers 
by  1  percent  for  every  tenth  gram  by  which  the  volatile  acidity 
exceeds  1.4  grams  per  liter. 
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The  production  of  wine  has  continually  increased,  and  most  of 
the  wine  produced  is  for  distilling  into  spirits  which  are  used  chiefly 
for  fortifying  of  wines  handled  by  the  wine  merchants.  However, 
the  consumption  of  spirits  produced  from  wine  has  consistently  de- 
clined. Between  1923  and  1932  the  production  of  wine  doubled, 
while  the  consumption  of  spirits  decreased  25  percent.  Most  of  the 
increased  wine  production  has  come  from  the  new  irrigated  districts 
of  Robertson,  Worcester,  and  Montagu,  where  production  of  wine  is 
said  to  average  4  leaguers  per  1,000  vines  (about  8  leaguers  per  acre) 
as  against  2  leaguers  per  1,000  vines  (about  4  leaguers  per  acre)  in 
the  older  unirrigated  districts  of  Paarl  and  Stellenbosch.14 

In  1921  the  combined  production  of  wine  in  Robertson  and  Wor- 
cester districts  was  31,000  leaguers  (4,765,000  United  States  gallons) . 
This  fell  to  27,500  (4,227,000  gallons)  in  1924,  and  then  increased 
to  74,000  (11,374,000  gallons)  in  1930.  On  the  other  hand,  produc- 
tion in  the  districts  of  Stellenbosch  and  Paarl  was  56,000  (8,607,000 
gallons)  in  1921,  43,000  (6,609,000  gallons)  in  1924,  and  54,000 
(8,300,000  gallons)  in  1930.  The  expansion  of  wine  production  is 
definitely  in  the  newer  areas,  where  yields  under  irrigation  are 
higher,  while  the  older  districts  of  Stellenbosch  and  Paarl  are 
gradually  changing  over  to  the  production  of  table  grapes. 

South  Africa  is  more  of  a  beer-drinking  than  a  wine-  or  brandy- 
drinking  country.  Between  1923  and  1932  the  consumption  of  spirits 
decreased  25  percent;  consequently  the  price  paid  to  farmers  for 
wines  fell  from  £5  0  shillings  6%  pence  ($24.46  at  par)  per  leaguer  to 
£3  3  shillings  6  pence  ($15.45  at  par)  in  1932  and  1933.  In  certain 
areas  £3  ($14.60  at  par)  per  leaguer  was  an  inducement  to  continue 
planting,  whereas  elsewhere  the  reverse  was  true. 

The  overproduction  of  wine  was  not  evident  until  the  last  year  or 
two  because  the  Wine  and  Spirit  Control  Act  decreed  that  all  brandy 
sold  for  consumption  in  South  Africa  should  contain  at  least  25 
percent  of  3-year-old  pot-stilled  brandy  matured  in  wood  under 
excise  supervision.  Therefore,  during  the  years  1924-27  the  mer- 
chants purchased  25  to  30  percent  more  than  their  distilling-wine 
requirements  in  order  to  stock  up  with  properly  aged  brandy.  At 
the  end  of  that  period  they  no  longer  needed  to  increase  their  stocks, 
and  furthermore  consumption  had  declined.  Farmers,  on  the  other 
hand,  although  warned  against  overproduction,  had  been  attracted 
by  the  fixed  price  and  had  planted  a  heavily  increased  vine  acreage. 

In  1921, 1922,  and  1923,  when  confronted  with  a  serious  surplus,  the 
K  W.  V.  destroyed  wine  amounting  to  1,813,814,  6,151,842,  and 
6,121,871  United  States  gallons,  respectively.  Again  in  1932  the 
organization  decided  to  destroy  43,000  leaguers  (6,609,000  gallons) 
of  inferior  wine.  The  K.  W.  V.  is  also  making  vigorous  efforts  to 
expand  the  outlet  for  wines  and  grape  juice  both  at  home  and 
abroad.  Efforts  are  being  made  to  induce  the  legislative  assembly 
to  legalize  the  sale  of  light  wines  in  coffee  houses  and  restaurants 
without  the  imposition  of  the  heavy  taxes  paid  by  regular  liquor 
dealers.Most  of  the  exports  go  to  the  United  Kingdom,  where  the 
subsidiary  company  is  actively  pushing  South  African  wines.     The 

14  These  yields  most  represent  yields  among  better-class  growers,   because  (ho  average 
for  the  Union  as  a  whole  in  1930  was  only  about  3  leaguers  per  acre  of  wine  grapes. 
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association  is  also  undertaking  to  capture  the  Swedish  market  for 
certain  wines,  consisting  largely  of  the  Cape  Muscadel.  Canada  is 
also  taking  some  South  African  heavy  wines. 

The  English  market  does  little  business  in  South  African  high- 
strength  sweet  wines.  The  Australian  port  types  hold  the  market  at 
present  in  all  the  shops  of  the  United  Kingdom,  and  the  South  Af- 
rican port  types  are  difficult  to  obtain  and  are  rarely  in  evidence. 
The  fortified  sweet  types  exported  to  the  United  Kingdom  from  the 
Union  of  South  Africa  appear  to  be  used  chiefly  in  blending.  Unless 
the  demand  for  South  African  wine  is  increased  at  home  or  abroad, 
grape  acreage  must  be  curtailed  or  the  grapes  must  be  diverted  into 
fresh-  or  dried-fruit  export  channels. 

Although  the  K.  W.  V.  pays  no  bounty  on  the  export  of  wine,  it 
has  spent  a  great  deal  of  money  on  a  bounty  on  the  export  of  raisins 
and  sultanas.  However,  there  has  been  no  appreciable  increase  in 
the  export  trade  of  raisins  and  sultanas,  so  that  the  bounty  payments 
are  not  considered  very  successful. 

The  Cooperative  Wine  Growers'  Association  is  undertaking  to 
manufacture  unfermented  grape  juice  in  quantity  for  home  sale  and 
for  export.  An  introduction  has  already  met  with  favor  on  home 
markets,  and  a  small  consignment  has  been  sent  to  the  Netherlands. 
The  directors  have  established  a  large  factory  at  Worcester,  capable 
of  producing  1,064,000  United  States  gallons  of  grape  juice  a  year. 
This  is  the  area  in  which  vineyards  have  expanded  rapidly  during 
recent  years,  and  from  which  the  unusually  large  shipments  of 
export  grapes  were  made  toward  the  end  of  the  1932  season.  It  was 
expected  that  about  500,000  gallons  would  be  produced  in  1933. 

A  considerable  quantity  of  brandy  is  manufactured,  chiefly  by  the 
Cooperative  Wine  Growers  Association  but  sometimes  by  individual 
farmers.  Most  of  the  brandy  (class  A)  is  distilled  from  wine  or  must 
be  produced  by  the  fermentation  of  fresh  grapes  without  the  skins. 
Class  B  brandy  is  distilled  from  the  juice  and  skins  of  grapes.  Class 
C  brandy  includes  "  dop  ",  which  is  brandy  produced  from  skins 
which  have  been  separated  from  wine  or  must  and  subsequently 
mixed  with  water,  wine,  or  must,  for  distillation.  An  excise  duty  of 
22  shillings  6  pence  ($5.47  at  par)  per  proof  gallon  is  imposed  on 
class  C  brandy  and  one  of  17  shillings  6  pence  ($4.26)  on  class  B 
brandy,  as  compared  with  a  duty  of  12  shillings  6  pence  ($3.04)  on 
class  A  brandy.  Since  1924  the  law  has  required  that  all  brandies 
put  on  the  market  for  consumption  after  June  1,  1928,  must  be  a 
blend  containing  at  least  25  percent  of  3-year-old  matured  pot-still 
brandy  distilled  from  approved  wine  and  matured  according  to  Gov- 
ernment regulations.  Brandy  distilled  from  wine'  especially  ap- 
proved and  passed  for  maturation  is  entitled  to  a  rebate  of  3  shillings 
per  proof  gallon  after  3  years  of  storing. 

Grape  sirup  (moskonfyt)  is  a  minor  product  related  to  wine.  This 
nonalcoholic  product  is  being  advocated  as  a  supplementary  outlet 
for  a  portion  of  the  surplus  wine-grape  production.  In  1921  a  co- 
operative moskonfyt  company  was  organized  at  Villiersdorp  which 
used  63,500  gallons  of  mos  or  grape  juice  the  first  year  and  1,780,127 
gallons  in  1932.  The  mos  is  preserved  in  large  cement  tanks,  closed 
to  the  atmosphere,  to  which  small  quantities  of  preservative  are  added 
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to  prevent  fermentation.  P'ive  leaguers  of  mos  are  evaporated  in 
boiling  pans  to  make  one  leaguer  of  moskonfyt.  No  sugar  is  added. 
The  finished  product  is  sold  locally  in  bottles  and  tins  and  used  as  a 
substitute  for  sirup  as  a  drink  and  in  cooking.  The  annual  produc- 
tion of  about  2,000  leaguers  of  moskonfyt  represents  the  equivalent  of 
10,000  leaguers  (1,537,000  United  States  gallons)  of  juice  so  that  it 
is  about  one-third  as  important  as  table  wine. 

GOVERNMENT   AIDS 

The  Union  Government  is  stimulating  the  deciduous-fruit  industry 
in  several  ways. 

(1)  The  export  levy  of  5  shillings  ($1.22  at  par)  per  shipping  ton 
goes  a  long  way  toward  supporting  the  South  African  Cooperative 
Deciduous  Fruit  Exchange  and  the  Perishable  Products  Export 
Control  Board  whose  vigorous  efforts  are  largely  responsible  for  the 
efficiency  with  which  South  African  fruit  is  marketed.  A  supple- 
mentary levy  of  3  shillings  ($0.73  at  par)  per  shipping  ton,  for- 
merly 5  shillings  ($1.22),  is  exclusively  used  for  advertising  and 
sales  promotion.  These  levies  are  collected  on  all  deciduous  fruit 
exported,  whether  shipped  by  members  of  the  exchange  or  by 
nonmembers. 

(2)  As  from  December  1,  1931,  the  Union  Government  has  paid 
an  export  subsidy  of  £2  8  shillings  ($11.68  at  par)  per  shipping 
ton  of  all  deciduous  fruits  except  grapes,  which  have  received  £3 
4  shillings  ($15.57  at  par),  and  pineapples,  which  have  received  £1 
12  shillings  ($7.79  at  par).  Wine  also  received  an  export  sub- 
sidy of  10  percent.  These  subsidies  were  inaugurated  soon  after 
England  abandoned  the  gold  standard,  thereby  causing  a  loss  of  25 
to  35  percent  in  the  transmission  of  funds  from  England  to  the  Union 
of  South  Africa,  but  the  subsidies  were  not  discontinued  Avhen  South 
Africa  also  abandoned  the  gold  standard  and  eliminated  the  loss 
on  foreign  exchange. 

(3)  By  offering  reciprocal  advantages  the  Union  Government  has 
maintained  a  preferential  treatment  for  South  African  fruit  shipped 
to  the  United  Kingdom.  Under  the  terms  of  article  2  and  schedule 
B  of  the  draft  agreement  between  the  United  Kingdom  and  the 
Union  of  South  Africa,  as  arranged  in  1932  at  the  Imperial  Economic 
Conference,  the  United  Kindom  imposes  duties  on  the  following 
fruits,  from  which  South  African  fruit  will  be  exempt : 

Peaches  and  nectarines,  raw 14    shillings    ($3.41)    per   hundredweight 

(112  pounds)  from  Dec.  1  to  Mar.  31. 

Plums,  raw ^ 9  shillings  4  pence  ($2.27)  per  hundred- 
weight from  Dec.  1  to  Mar.  31. 

Grapes,  other  than  hothouse iy2  pence  (3  cents)  per  pound  from  Feb. 

1  to  June  30. 

Apples,  raw 4  shillings  6  pence  ($1.09)  per  hundred- 
weight throughout  the  year. 

Pears,  raw 4  shillings  6  pence  ($1.09)  per  hundred- 
weight throughout  the  year. 

These  enumerated  periods  include  the  entire  shipping  season  for 
these  fruits  from  South  Africa.  Peaches,  nectarines,  plums,  and 
grapes  are  not  exported  from  the  United  States  to  the  United  King- 
dom in  significant  quantities  during  the  enumerated  months.  A  large 
part  of  the  late  pears  exported   from  the  United   States  to  the 
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United  Kingdom  are  exported  during  the  same  period,  January  to 
May,  when  all  of  the  South  African  pear  crop  is  exported.  During 
this  period  the  preferential  tariff  on  pears  is  effective  against  the 
United  States.  Few  apples  are  exported  from  South  Africa  at  any 
time.  It  is  therefore  improbable  that  the  tariff  preference  granted 
to  South  Africa  will  interfere  materially  with  the  marketing  of  fruit 
(other  than  late  pears)  from  the  United  States,  although  with  respect 
to  apples,  there  are  other  Empire  countries,  such  as  Canada,  Aus- 
tralia, and  New  Zealand,  which  are  able  to  take  advantage  of  these 
preferences  to  the  detriment  of  exports  from  the  United  States. 

The  United  Kingdom  also  grants  a  margin  of  preference  on  wine 
not  exceeding  27°  proof  spirit,  amounting  to  2  shillings  (49  cents) 
per  gallon,  providing  it  complies  with  the  regulations  affecting  the 
grant  of  Imperial  preferences.  This  clause  should  be  of  assistance 
to  South  African  wine  producers. 

South  Africa  has  enjoyed  material  preference  in  England  since 
1925  amounting  to  4  shillings  per  gallon  on  most  wines.  Fortified 
wines  usually  test  29°  to  30°  proof  (16.6  to  17  percent  alcohol  by 
volume). 

SOUTHERN  RHODESIA 

Southern  Rhodesia  produces  little  deciduous  fruit,  but  the  area 
along  the  eastern  border  has  a  rainfall  of  more  than  40  inches  and  is 
a  mountainous  but  temperate  area,  and  experience  with  home  or- 
chards indicates  that  a  fruit  industry  might  be  established.  The 
absence  of  rail  communication  is  the  most  serious  difficulty.  The 
most  favorable  areas  lie  50  to  150  miles  from  Umtali,  which  is  on  the 
railroad  from  Salisbury  to  Beira.  There  is  small  likelihood  that  the 
transportation  difficulty  can  be  solved  for  many  years,  but  it  is  possi- 
ble that  eventually  a  deciduous  fruit  industry  of  considerable  propor- 
tions may  be  established  along  the  eastern  border  of  the  colony. 

TREND  OF  PRODUCTION 

The  annual  report  of  the  division  of  plant  industry  of  Southern 
Rhodesia,  1931,  states  that  little  progress  is  being  made  in  the  estab- 
lishment of  deciduous-fruit  orchards  in  the  colony.  This  may  be 
partly  because  of  the  shortage  of  funds  for  buying  trees. 

Both  deciduous  and  tropical  fruits  show  a  marked  increase  in  the 
number  of  trees  between  the  enumerations  of  1928  and  1930  (table 
67).  Apple  trees  increased  28  percent,  peach  trees  1  percent,  other 
deciduous-fruit  trees  13  percent.  Plums  showed  no  appreciable 
change.  Papaws  (papayas),  mangoes,  and  avocados  showed  appre- 
ciable increases.  The  combined  increase  in  tropical  fruits  was  62 
percent.  The  tropical  fruits  are  grown  at  the  low  elevations,  and  the 
deciduous  fruits  are  grown  at  elevations  of  4,000  to  7,000  feet  along 
the  mountains  at  the  eastern  border  area  of  the  high  inland  plateau. 

COSTS  OF  MARKETING 

In  1932  ocean  freight  to  European  berth  ports  on  deciduous  fruit, 
tomatoes,  melons,  and  vegetables  was  70  shillings  ($17.03)  per  ton  of 
40  cubic  feet  if  shipped  from  Union  berth  ports  or  90  shillings 
($21.90)  if  shipped  from  Beira. 
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Table  67. — Fruit  trees:  Number  of  bearing  and  nonbearing  trees  of  each  kind 
in  Southern  Rhodesia,  1928,  1930,  and  1931  ? 


Year  and  matur- 
ity of  tree 

Deciduous 

Tropical 

Total 

Apple 

Peach 

Plum 

Other 

Total 

Papaw 2 

Mango 

Avo- 
cado 

Other 

Total 

fruit 
trees 

1928 
Bearing . 

Num- 
ber 
19, 821 
11,085 

Num- 
ber 

28,964 
7,821 

Num- 
ber 
8,437 
3,199 

Num- 
ber 
11,221 
5,973 

Num- 
ber 
68, 443 
28,078 

Num- 
ber 
8,858 
5,167 

Num- 
ber 
2,955 
1,860 

Num- 
ber 
349 
1,043 

Num- 
ber 
1,951 
1,534 

Num- 
ber 
14, 113 
9,604 

Numm 
ber 

82,  556 

Non  bearing 

37,682 

Total 

30,906 

36,  785 

11,636 

17, 194 

96, 521 

14, 025 

4,815 

4,040 
3,285 

1,392 

376 

1,272 

3,485 

2,226 
2,352 

23,  717 

19,  093 
19,  389 

120,  238 

1930 

Bearing 

Nonbearing 

15,313 

24,  200 

28,  038 
9,216 

7,857 
3,764 

10, 441 

8,972 

61,  649 
46, 158 

12, 451 
12, 480 

80,  742 

65,  547 

Total 

39,  519 

37, 254 

11,621 

19,413 

107, 807 

24, 931 

7,325 

1,648 

4,578 

38, 482 

146,  289 

1931 
Bearing 

64,  743 
44,355 

21,  597 
19,158 

86,  340 

63,  513 

Total 

109,098 

40,  755 

149,85 

1  Not  including  citrus.    See  table  91. 

2  Papaws  are  known  in  the  United  States  as  papayas. 

Southern  Rhodesia  Official  Yearbook  (37,  no.  2,  p.  356;  no.  3,  p.  295);  and  Summer  Crop  Returns  (36). 

TANGANYIKA 

Stone  fruits  for  local  consumption  are  grown  with  some  success 
in  scattered  areas — Lushoto,  Iringa,  and  Morogoro.  Stone  fruits, 
apples,  and  strawberries  do  well  in  the  western  Usambara  Mountains, 
and  grapes  are  produced  in  the  Arusha  district  (40,  fiept.  1930,  p. 
29).  It  is  not  probable  that  a  deciduous-fruit  industry  of  any  conse- 
quence will  develop  in  this  area,  for  the  European  population  is 
rather  small  and  the  chief  interests  lie  in  other  directions.  More- 
over, facilities  for  precooling  and  refrigerated  transportation  to 
England  are  lacking. 

DRIED  FRUIT 

INTERNATIONAL  SIGNIFICANCE 

The  Union  of  South  Africa  is  the  only  African  country  south  of 
the  Equator  engaged  in  the  commercial  production  of  dried  fruit. 
The  annual  production  amounts  to  about  10,000  short  tons,  but  this 
quantity  is  unimportant  relative  to  the  total  production  of  deciduous 
fruit  in  the  country.  It  is  also  unimportant  relative  to  the  produc- 
tion in  the  United  States,  Australia,  and  the  Mediterranean  countries 
(table  68) .  This  relative  unimportance  is  most  marked  in  the  case  of 
raisins,  currants,  figs,  and  prunes.  It  is  only  in  the  Case  of  dried 
apricots  that  the  crop  entering  into  international  trade  is  relatively 
large.  Since  dried  fruit  is  not  perishable  and  may  be  marketed  at 
any  time  throughout  the  year,  South  Africa  does  not  possess  any 
material  seasonal  advantage  by  being  in  the  Southern  Hemisphere. 
This  is  in  contrast  to  the  situation  that  obtains  with  respect  to  fresh 
deciduous  fruit  and  citrus  fruit. 
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Table  68. — Dried  fruits:  Exports  from  principal  world  sources,  1930-32 


Fruit  and  country 
to  which  exported 

Union  of  South 
Africa  I 

United  States 

Mediterranean 
Basin  * 

Australia  J 

1930 

1931 

1932 

1930 

1931 

1932 

1930 

1931 

1932 

1930 

1931 

1932 

Raisins  and  sultanas. 
United  Kingdom. ._ 
Canada - 

Short 
tons 
1,206 
1,143 
27 

Short 
tons 
3,202 
3,041 
80 
5 

12 
(<) 

Short 
tons 
3,262 
3,211 
28 

Short 
tons 
64,348 
18,222 
14, 334 

Short 
tons 
62.550 
20,146 
11,447 
2,536 
7,314 

Short 

tons 

61,106 

24,229 

7,283 

Short 
tons 
75, 141 
18,441 
214 

Short 
tons 
54, 181 
16, 172 
154 

Short 
tons 
84,273 
36,000 
108 

Short 
tons 
39,663 
35, 197 
2,422 
1,502 

Short 
tons 
44,580 
32, 721 
8,969 
1,975 

Short 
tons 
32,988 
19, 171 
10, 187 
3,502 

New  Zealand 

Germany 

(4) 
8 

i 

7,030 

8,449 

20,738 

*  80,465 

*  54,735 
*  6,  376 

«16 

14,474 
«  73,181 
« 47,694 

*  8, 193 
6  11 

12,  359 

77,998 

51, 814 

7,265 

•  14 

Currants 

16,651 
14,746 

16, 107 
12,969 

15, 126 

United  Kingdom 

11,466 

Germany 

Apricots 

2,020 
1,562 

1,527 
925 

2,108 

1,602 

78 

419 

8 

354 

796 

672 

5 

112 

9,550 
509 
716 

"3,646 

1,923 

71,494 

14, 072 

~22,~394 

8,094 

1,827 

11,527 

11,823 

621 

518 

1 

4,347 

4.241 

148,  127 

19, 912 

703 

48,815 

8,228 

4,018 

18,796 

18,811 

1,394 

916 

425 

317 

77 

11 

501 

44 

United  Kingdom. .  _ 

377         21 

Canada 

92         43 

85         10 

New  Zealand. ..  ... 

310 

45 

630 

1,210 

981 

6 

211 

269 
23 
161 
139 
63 
2 
64 

34         11 

Germany 

5,899 

4,245 

121,  967 

21,  378 

Peaches 

V) 
3,555 

(') 
2,681 

(7) 
2,529 

196 
25 
2 
18 

204 

77 
20 
53 

10 

Prunes 

202 

United  Kingdom... 

19 

New  Zealand 

161 

Germany 

31,269 
8,580 
3,039 

15,553 

Canada 

Pears.  _ 

152 

36 

2 

67 

37 

36 

1 

9 

119 
13 
10 
6 

Apples 

8 

10 

7 

Figs 

85,788 

74,827 

45,856 

Other 

6,356 

8,615 

9,475 

277 

249 

97 

Total 

5,323 

5,111 

6,669 

167, 025 

258,170 

234,196 

244,965 

204,881 

210,  670 

57,245 

61,728 

48,475 

i  Exports  by  water;  excludes  ships'  stores  and  small  exports  to  neighboring  territories. 
8  Spain,  Portugal,  France,  Italy,  Greece,  Turkey,  Algeria;  these  exports  from  Mediterranean  countries 
are  largely  to  other  Mediterranean  countries. 
3  Year  ended  June  30. 

*  Less  than  one-half  ton. 
»  Greece  only. 

•  France  only. 

i  Peaches  (France)  included  with  apricots. 

Statistical  abstract  of  the  United  States;  U. 
Trade  and  Shipping. 


S.  Department  of  Agriculture,  Yearbook  of  Agriculture; 


The  production  of  raisins  in  1930  in  the  United  States  was  168,000 
short  tons,  as  compared  with  4,839  short  tons  of  raisins,  sultanas, 
and  currants  in  the  Union  of  South  Africa.  Comparative  figures  for 
prunes  are  254,000  tons  and  1,876  tons,  respectively,  and  for  dried 
apricots  10,906  (1921)  and  2,275  tons,  respectively.  The  Mediter- 
ranean countries  produced  218,400  tons  of  currants  and  other  dried 
vine  products.  In  exports,  however,  the  disparity  is  less  since  the 
consuming  population  in  South  Africa  is  small. 

TREND  OF  PRODUCTION 

The  production  of  dried  fruit,  especially  raisins  and  sultanas,  like 
the  wine  industry,  is  of  long  standing  in  the  Union  of  South  Africa. 
As  early  as  1891  the  estimate  of  dried-fruit  production  in  Cape  Col- 
ony was  2,612,662  pounds  and  in  1904,  2,134,133  pounds  (SO,  p.  7). 
Long  before  any  fresh  fruit  was  exported  from  the  Union  consider- 
able quantities  of  dried  fruit,  chiefly  raisins,  currants,  and  figs,  were 
shipped.  Exports  in  1882  amounted  to  32,810  pounds.  In  1885,  ap- 
parently a  record  year,  exports  amounted  to  231,145  pounds.  Be- 
tween 1888  and  1913  exports  declined  irregularly  from  75,000  pounds 
to  12,000  pounds.  It  is  only  since  the  World  War  that  dried-fruit 
exports  have  reached  a  large  volume. 
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In  1918  the  production  of  raisins,  sultanas,  currants,  and  dried 
grapes  amounted  to  more  than  3,000  short  tons  (fig.  47).  There  was 
a  marked  increase  in  the  production  of  these  dried  products  between 

1921  and  1925,  when  a  market  for  dried  Hermitage  grapes  existed  in 
the  United  States  during  the  early  part  of  the  prohibition  era.    In 

1922  the  production  of  these  products  amounted  to  almost  8,000  tons, 
but  in  1933  it  had  declined  to  scarcely  6,500  tons.  The  production  of 
other  dried  fruits — chiefly  apricots,  peaches,  and  prunes — has  in- 
creased considerably  and  roughly  in  proportion  to  the  increase  in 
production  of  fresh  deciduous  fruits.  In  1918  the  production  of 
these  other  dried  fruits  amounted  to  approximately  2,000  tons,  while 
in  1933  it  amounted  to  4,000  or  5,000  tons. 


POUNDS 
(millions) 

16 

l 

1       n 

I 

• 
* 

*♦   /T  (sold  from  i 

••L 

arms) ' 

y 

• 
• 

• 
• 

*• 

/ 

♦ 
♦ 

— 

•        4 

if 

\ 

**** 

■*W. 

/ 

— 

10 
8 
6 
A 
2 

^**>* 

\ 

\ 
\ 

■  Sxpor 

r 

/ 

/ 
/ 

— 

> 

// 

/ 

\ 
\ 

/ 
/ 

\ 

/ 

"■""" 

/ 

— 

•% 

,•••• 

y  / 

/ 

1 

/ 

\ 

».  — • 

^ 

•' 

\ 

/ 

/ 

— 

£? 

VF 

Impc 

rts 

N.' 

\ 

- 

/ 

- 

— 

X. 

> 

(i* 

ss  re-exports 

~N 

.-. 

L-i. 

— 

n    - 

y* 

••-•"I 

I                         ^ 

' 

1918 


'20  "22  '24  "26 

•«  MOOUCTION  1927-33  TnCLUOCS  FACTORY  PRODUCTION 


'28  '30 

•DUTY  INCRCASEO 


32 


34 


FIGURE  47 .—PRODUCTION,  I  MPORTS,  AND  EXPORTS  OF  DRIED  VINE  FRUITS,  UNION 
OF  SOUTH  AFRICA.   1918-33. 

Raisins  and   sultanas  increased   notably   in  1033. 

Between  the  years  1918  and  1930  the  trend  of  dried-fruit  produc- 
tion can  be  accurately  traced  by  means  of  the  annual  agricultural 
census  reports,  which  set  forth  the  quantity  of  dried  fruit  of  each 
kind  sold  by  farmers  (fig.  48).  Up  to  1922  the  census  year  ended 
April  30,  before  selling  was  completed,  but  thereafter  the  census 
year  ended  August  31,  assuring  added  accuracy  to  the  enumerations. 
The  census  returns  on  certain  products  are  usually  too  low,  judging 
from  reports  of  cotton  ginnings,  tobacco  received  by  the  warehouses, 
and  wool  exported,  but  it  is  believed  by  the  trade  that  this  is  offset, 
or  more  than  offset  in  the  case  of  dried  fruits,  by  some  farmers 
erroneously  reporting  fresh  weights. 

In  addition  to  the  dried  fruit  sold  by  farmers,  a  certain  quantity 
of  fresh  fruit  (chiefly  apricots  in  Golden  Valley)  is  delivered  to  dry- 
ing factories.  The  census  reports  the  dried  fruit  thus  produced  but 
without  segregation  by  kinds  of  fruit.  An  independent  inquiry  was 
subsequently  sent  to  all  factories  thus  reporting  to  the  census,  from 
which  information  was  obtained  to  approximate  the  segregation  of 
factory-dried  fruit. 
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In  the  Union  of  South  Africa  the  dried-fruit  industry  is  highly 
concentrated  around  a  few  points  in  the  winter-rainfall  area,  near 
Capetown.  Worcester  and  Robertson  produce  two-thirds  of  the 
raisins,  sultanas,  and  currants.  These  points  are  separated  from 
Capetown  and  the  coast  by  a  range  of  mountains  which  cause  the 
rainfall  to  average  only  about  12  inches  per  year,  as  compared 
with  25  inches  at  Wellington  and  Capetown  only  a  few  miles  away. 
Wellington  is  the  center  of  the  dried-apricot  industry,  and  Tulbagh, 
nearby,  is  the  center  of  the  dried-prune  industry.  Dried-fruit  pro- 
duction has  also  become  established  in  a  small  way  in  several  out- 
lying areas.  A  large  estate  at  Golden  Valley,  120  miles  inland  from 
Port    Elizabeth,    is    engaged    in    the    production    of    dried    fruits, 
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Figure  48— Production.  Imports,  and  Exportsof  Dried  Tree  fruits,  union 
of  South  Africa.  1918-33. 

Dried  tree-fruit  exports  have  increased  notably  since  1928. 

especially  apricots,  but  the  difficulties  with  both  production  and 
drying  indicate  that  this  area  is  not  likely  to  expand  its  drying 
operations.  There  is  an  oasislike  area  near  Upington  on  the  Orange 
River  in  northern  Cape  Province  (where  irrigation  water  is  rela- 
tively abundant  and  the  rainfall  is  only  7  inches  per  year)  which 
produces  considerable  quantities  of  raisins  and  sultanas,  but  the 
difficulties  of  marketing  and  the  scarcity  of  suitable  soils  combine 
to  limit  the  possibility  of  large  expansion  in  this  outlying  district. 

RAISINS 

Grapes  occupy  a  greater  acreage  than  does  any  other  single  fruit. 
In  1930  the  commercial  acreage  of  grapes  was  75,000,  as  compared 
with  115,000  acres  of  all  deciduous  fruits  combined,  55.000  acres  of 
citrus  fruits,  13,000  acres  of  bananas,  and  11,000  acres  of  pine- 
apples. About  two-thirds  of  the  grape  acreage  is  found  in  the  six 
districts  clustered  around  Paarl.  Most  of  the  grapes  near  Paarl 
are  used  for  wine,  toward  Capetown  they  are  used  for  export  as 
fresh  grapes,  and  toward  Worcester  and  Robertson  they  are  used 
for  drying.  The  bulk  of  the  production  is  within  a  radius  of  50 
miles  from  Paarl. 
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Between  1925  and  1930  the  acreage  of  grapes  in  the  Union  in- 
creased from  58,000  to  75,000  acres.  There  was  little  increase  in  the 
older  areas  close  to  Capetown,  but  there  was  a  remarkable  expan- 
sion in  the  wine  and  raisin  districts  lying  back  of  Paarl.  These 
newer  districts  are  deficient  in  rainfall  and  in  irrigation  water,  but 
they  have  the  advantage  of  being  able  to  produce  for  drying,  for 
wine,  or  for  fresh  export,  according  to  the  relative  attractiveness 
of  these  alternative  outlets.  The  difficulty  of  providing  the  neces- 
sary skill  and  vineyard  facilities  for  exporting  fresh  grapes  and 
the  accumulating  surplus  of  wines  lead  to  the  conclusion  that  a 
considerable  proportion  of  the  expansion  would  be  for  the  produc- 
tion of  sultanas  and  raisins  in  years  when  drying  weather  is 
favorable. 


Table  69. — Fruit,  freslt  equivalent:  Disposition  of  South 

1930-32 


African  production, 


Fresh 

Dried 

Canned  • 

Wine 

Fruit  and  year 

Exports 

Local 
sales 

Exports  2 

Local 
sales 

Exports 

Local 

sales 

Grapes: 
1930 

Short  tons 
2,623 
3,292 

31 
38 

Short  tons 

Short  tons 
5,416 
13, 862 

10, 846 
8, 175 

Short  tons 
3,069 
3,069 

350 
350 

Short  tons 

Short  tons 

Shorttons* 
146, 455 
160,138 

1931 

*  20,  000 

Apricots: 
1930 

1931 

100 

480 
600 

s  1,120 
M,400 

1932                

Peaches: 
1930 

2,188 
1,704 

3,150 
807 

669 
669 

1931 

2,700 

6  700 

•1,250  L 

1932 

Pears: 
1930 

15,  275 
4,776 

"~~3,~466" 

760 
190 

81 
81 

1931                       

450 
750 

500    

850           

1932 

Prunes: 
1930 

117 

82 

248 
209 

2,582 

2,687 

2, 654 
302 

25 
32 

561 
561 

1931 

1 

Nectarines: 
1930 

1931 

200 

Plums: 
1930 

1931 

650 

1,250 
1,250 

1932 

Apples: 
1930 

410 
1,124 

28 

31 
60 

182 
177 

83 
83 

1931 

6,000 

7290 

3,860 
4,750 

Miscellaneous: 
1930 

130 
92 

1931 

1,500 

Total: 
1930 

23,  505 
14,000 

23,163 
23,  637 

4,813 
4,813 

146,  455 
160,  138 

1931 

34,  550 

930 
1,350 

1932 

i  Practically  all  canned  by  1  company;  1931  figures  are  5-year  averages. 
2  Includes  some  carry-over,  particularly  for  raisins  and  sultanas  in  1931. 
3 1  leaguer  of  wine  equals  1  ton  of  grapes. 

•  Based  on  census  reports  1923-25. 

*  No  jam  exported. 

a  Of  which  150  tons  were  clingstone. 
7  Same  quantity  1932. 


In  1931  the  total  production  of  grapes,  fresh  basis,  was  approxi 
mately  200,000  short  tons,  about  17,000  tons  of  which  were  used  for 
drying,  23,000  tons  for  local  sale  and  export  as  fresh  grapes,  and  the 
remainder  for  wine  (table  69).    Only  about  3,000  short  tons  were 
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exported  as  fresh  grapes,  while  about  20,000  tons  of  those  used  for 
drying  were  exported.  Furthermore,  only  a  small  percentage  of  the 
wine  production  is  exported,  from  which  it  follows  that,  when  viewed 
from  the  point  of  view  of  exports,  raisins  and  sultanas  are  much  more 
important  than  fresh  grapes  or  wine.  § 

The  total  quantity  of  dried  fruit  sold  by  farmers  in  1930  was 
10,039  tons,  of  which  4,839  tons  consisted  of  raisins,  sultanas,  cur- 
rants, and  dried  wine  grapes  (table  70) .  Loose  raisins  amounted  to 
2,726  tons,  cluster  raisins  276  tons,  sultana  raisins  1,500  tons,  currants 
308  tons,  and  dried  wine  grapes  29  tons.  Most  of  the  loose  raisins 
were  produced  in  Worcester  district;  most  of  the  cluster  raisins  in 
Worcester  and  Wellington  districts ;  and  most  of  the  sultanas  in  Wor- 
cester, Robertson,  Montagu,  Swellendam,  and  Ceres  districts,  with  a 
considerable  additional  quantity  from  the  vicinity  of  Upington  on 
the  Orange  River.  Nearly  all  the  currants  were  produced  in  Rob- 
ertson, Worcester,  and  Montagu  districts.  Dried  wine  grapes  were 
not  produced  in  large  quantities  in  any  district. 

Table  70. — Dried  fruit:  Production,  Union  of  South  Africa,  1910-11  and  1917- 

1S  to  HU2-.ll 

CENSUS    RETURNS,    EXCLUSIVE    OF    FACTORY    PRODUCTION    (NOT    PREVIOUSLY 

DRIED  ON  FARMS) 


Year 


1910-1L. 
1917-18  « 
1918-19.. 
1919-20-. 
1920-21  < 
1921-22- 
1922-23  * 
1923-24  < 
1924-25  « 
1925-26- 
1926-27  • 
1927-28  e 
1928-29  6 
1929-30  « 


Total 


1,000 
pounds 

6,725 
11,320 

8,*67 

7,659 
11,687 
22,419 
19,883 
19,373 
17,  786 
15,962 
16,922 

15,  798 

16,  727 
20,078 


Rai- 
sins l 


1,000 
pounds 
2,356 
5,213 
4,094 
4,319 
6,559 
13, 142 
10,  395 
11,226 
8,198 
7,430 
6,839 
6,788 
6,571 
6,062 


Sul- 
tanas 


1,000 

pounds 

158 

1,148 

821 

853 

1,835 

2,499 

3,714 

1,894 

2,164 

3,120 

3,515 

4,044 

3,369 

3,000 


Cur- 
rants 


1,000 
pounds 
11 
114 


78 
119 
179 
214 
200 
182 
218 
192 
431 
616 


Apri- 
cots 


1,000 
pounds 
636 
367 
103 
314 


1,143 
740 
1,098 
1, 073 
1,958 
2,217 
2,634 
2,750 


Peaches 


7,000 
pounds 
2,575 
5  2, 828 
1,708 
1,091 
1,824 
2,842 
2,394 
1,711 
2,997 
2,091 
1,774 
1,336 
1,724 
2, 859 


Prunes  J 


1,000 

pounds 

3  641 

3  887 

3  1,021 

3  591 

742 

1,946 

1,312 

2,923 

2,  463 

1,  355 

2,100 

581 

1,364 

3,751 


Pears 


1,000 
pounds 
178 
370 
347 
116 
192 
239 
286 
212 
211 
205 
79 
212 
124 


Apples 


1,000 
pounds 
116 
268 
233 
170 
165 
422 
217 
275 
248 
244 
159 
210 
237 
240 


1,000 
pounds 
54 
125 
172 
137 
132 
230 
243 
178 
207 
262 
280 
218 
273 
338 


CENSUS    RETURNS,    INCLUDING    FACTORY    PRODUCTION    (THE    LATTER    SEGRE 
GATED  ON  THE  BASIS  OF  SPECIAL  QUESTIONNAIRE) 


1926-27 
1927-28 
1928-29 
1929-30 


18,996 

6,923 

3,649 

218 

3,508 

1,841 

2,253 

107 

217 

17,340 

6,851 

4,144 

192 

3,367 

1,387 

695 

233 

253 

18,664 

6,649 

3,494 

431 

4,084 

1,786 

1,506 

150 

291 

22,488 

6,160 

3,156 

616 

4,550 

2,937 

3,929 

495 

307 

218 
273 
338 


ESTIMATES,  INCLUDING  FACTORY  PRODUCTION,  MADE  ON  THE  BASIS  OF  EXPORTS 
AND  CALCULATED  DOMESTIC  CONSUMPTION 


1930-31 
1931-32 
1932-33 
1933-34 


20,400 

8,500 

3,900 

450 

4,000 

1,500 

1,200 

250 

300 

23,700 

8,200 

4,200 

450 

5,000 

1,800 

3,100 

400 

250 

26,850 

9,500 

7,350 

450 

4,800 

1,500 

2,400 

300 

250 

23,500 

8,900 

3,400 

450 

5,600 

1,800 

2,600 

200 

250 

300 
300 
300 
300 


1  Including  stalk  (cluster)  raisins,  loose  raisins,  dried  Hermitage  grapes,  and  other  wine  grapes. 

2  Including  dried  plums  1920-21  and  subsequently. 

3  Prunes  only. 

1  Native  locations,  etc.,  not  enumerated. 

5  Principal  districts  only. 

6  Dried  fruit  sold,  principal  districts,  European  farmers,  years  1910-11  to  1921-22,  year  ended  Apr.  30 
1922-23  to  1929-30  years  ended  Aug.  31. 

From  agricultural  census  reports;  1910-11,  from  Official  Yearbook  (47,  no.  11,  p.  4S1). 
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Raisin  production  has  fluctuated  more  widely  than  has  the  pro- 
duction of  any  other  class  of  fruit,  having  increased  from  '2,600  short 
tons  in  1918  .to  0,600  tons  in  1922  and  decreased  to  about  3,000  tons 
in  1928.  Since  that  time  production  has  increased  to  about  4,800 
tons.  The  production  of  raisins  is  intimately  related  to  the  produc- 
tion of  wine,  varying  in  inverse  proportion.  This  relationship  is 
recognized  by  the  Cooperative  Wine  Growers'  Association,  which  has 
paid  various  subsidies  for  raisin  exports,  varying  during  recent  years 
from  y2  to  1  penny  (1  to  2  cents)  per  pound,  but  with  doubtful  effect 
upon  the  stimulation  of  raisin  production.  There  are  certain  varie- 
ties, notably  White  Hanepoot  grapes,  which  may  be  used  for  the 
production  of  either  raisins  or  wine,  but  the  control  exercised  over 
prices  by  the  Wine  Growers'  Association  has  apparently  attracted 
the  growers  more  than  the  payment  of  the  bounty  on  raisins  (table 

The  production  of  sultanas  has  steadily  increased  during  the  last 
15  years  from  400  or  500  tons  to  around  3,000  tons  per  year.  The 
trend  seems  to  be  continuing  gradually  upward.  Sultanas  are  pro- 
duced chiefly  in  the  newer  areas  around  Worcester  and  Robertson, 
where  vineyard  acreage  has  expanded  most  rapidly  and  where  dry- 
ing conditions  are  most  favorable.  The  other  new  area  on  the 
Orange  River  produces  sultanas  of  superior  quality. 

The  production  of  currants  has  increased  during  the  last  15  years 
from  about  50  tons  to  about  200  tons  per  year.  This  expansion  has 
been  most  marked  during  the  last  5  years  and  has  occurred  chiefly 
in  the  Worcester  and  Robertson  areas.  No  further  expansion  of 
significance  is  apparent  at  this  time.  There  is  no  attempt  to  pro- 
duce an  exportable  surplus  of  currants. 

APRICOTS  ' 

Apricot  production  has  increased  more  rapidly  than  has  the  pro- 
duction of  any  other  fruit.  Between  1911  and  1918  there  was  ap- 
parently a  decrease  in  production,  but  since  1918  production  has 
increased  from  about  150  tons  to  about  2,000  to  2,500  tons.  Most 
of  this  development  has  occurred  in  the  vicinity  of  Wellington,  with 
considerable  quantities  in  the  adjoining  districts  of  Paarl,  Tulbagh, 
and  Worcester.  As  many  of  the  trees  have  not  yet  reached  full 
bearing  capacity  the  upward  trend  may  be  expected  to  continue. 
A  considerable  quantity  of  dried  apricots  is  also  produced  in  the 
Golden  Valley  area,  situated  120  miles  north  of  Port  Elizabeth,  and 
at  Kendrew,  nearby.  The  trees  in  this  area  are  also  increasing  in 
bearing  capacity,  but  the  shallow  soil  and  unreliable  drying  weather 
are  likely  to  prevent  any  material  expansion  in  this  outlying  ar#a. 
In  no  case  is  there  evidence  of  considerable  increase  in  plantings, 
and  it  is  doubtful  whether  the  acreage  of  apricot  orchards  can  be 
materially  increased  except  at  the  expense  of  some  other  kind  of 
fruit.  There  has  been  a  tendency  for  the  number  of  apricot  trees 
in  Worcester  and  Robertson  districts  to  decrease  as  vineyard  acre- 
age increased,  thereby  concentrating  still  further  the  apricot  industry 
in  the  immediate  vicinity  of  Wellington.  An  insignificant,  but  in- 
creasing percentage  of  the  apricot  crop  is  being  exported  as  fresh 
fruit.     About  16  percent  is  used  for  the  manufacture  of  jam,  for 
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which  purpose  apricots  are  bought  at  prices  to  compete  with  the 
dried  product,  recently  about  4  shillings  per  100  pounds. 

The  quantity  of  dried  apricots  sold  by  farmers  in  1930  was  1,375 
tons,  but  the  total  production  of  dried  apricots  was  about  900  tons 
greater  than  this  on  account  of  fresh  apricots  dried  in  factories. 
Most  of  the  factory-dried  apricots  came  from  the  Golden  Valley 
area  mentioned  above.  Over  40  percent  of  the  farm-dried  apricots 
came  from  Wellington  district  and  most  of  the  remainder  from 
contiguous  areas  (fig.  49). 

Dried  Fruit:  Quantity 

Sold  by  Farmers,  Union 

of  South  Africa. 


*  STALK.  LOOit  AND  SULTANA  .        *  OKIt D  WINS. 

Each  dot  represents  50,000 pounds 

Figure  49. — The  principal  dried-fruit  area  is  inland  from  Capetown  and  is  distinct  from 

the  coastal  fresh-fruit  area. 


The  number  of  apricot  trees  in  the  Union  in  1930  was  2,190,820 
which  was  an  increase  of  7%  percent  during  the  4  years  after  1926. 
Assuming  108  trees  per  acre,  the  commercial  acreage  of  apricot  trees 
in  1930  was  20,285  acres.  This  includes  only  those  trees  the  produce 
of  which  is  grown  for  sale.  The  total  number  of  apricot  trees,  com- 
mercial and  otherwise,  in  1925  was  2,386,860,  as  compared  with 
1,161,173  in  1918,  indicating  an  increase  during  those  7  years  amount- 
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ing  to  106  percent.  Most  of  the  suitable  lands  have  been  planted 
and  plantings  since  1929  have  been  scarcely  more  than  sufficient  to 
maintain  the  existing  acreage. 

PRUNES 

In  1930  there  were  412,120  prune  trees  in  the  Union,  the  produce  of 
which  was  grown  for  sale.  Assuming  108  trees  per  acre,  this  means 
an  area  of  3,816  acres,  or  less  than  half  of  the  number  of  plum  trees 
in  the  Union.  A  small  quantity  of  Kelsey  plums  are  dried  and  sold 
like  prunes.  The  quantity  of  dried  prunes  and  plums  sold  by  farm- 
ers in  1930  was  1,875  tons.  This  was  a  bumper  crop  and  nearly  three 
times  as  large  as  that  of  the  preceding  year.  About  one-third  of  this 
production  came  from  the  Tulbagh  district,  but  there  were  nine  other 
districts  in  the  same  general  vicinity,  each  of  which  produced,  for 
sale,  over  50  tons. 

In  1927  there  were  519,000  prune  trees  in  western  Cape  Province, 
of  which  306,000  were  7  years  old  or  over,  154,000  were  4  to  6  years 
old,  and  only  60,000  were  less  than  4  years  old.  The  production  of 
prunes  in  1928  was  only  695,000  pounds  or  only  iy2  pounds  of  dried 
fruit  per  tree,  eliminating  the  trees  under  4  years  old.  In  1930, 
which  was  a  record  year,  the  production  from  383,000  trees  of  bear- 
ing age  averaged  10  pounds  per  tree,  but  since  that  time  scarcely 
half  this  average  has  been  obtained. 

The  number  of  prune  trees  decreased  from  646,170  in  1926  to  412,- 
120  in  1930.  In  1926,  22  percent  were  of  nonbearing  age,  while  in 
1930  only  7  percent  were  of  nonbearing  age.  The  production  per 
tree  has  been  so  low  that  large  numbers  have  been  pulled  out  and  re- 
placed with  other  kinds  of  trees.  The  1930  census  did  not  show  a 
single  important  district  in  which  the  percentage  of  nonbearing  trees 
was  high  enough  to  indicate  an  attempt  at  acreage  expansion. 

At  one  time  it  was  expected  that  the  production  of  prunes  would 
increase  to  a  position  of  prominence  among  South  African  dried 
fruits,  but  discouraging  yields  have  nullified  these  expectations. 
Production  increased  from  300  tons  in  1911  to  about  1,900  tons  in 
1930,  which  was  an  unusually  favorable  year  for  production.  Since 
1930  production  has  ranged  from  600  to  1,600  tons  per  year. 

South  African  prunes  are  considered  satisfactory  on  the  English 
markets  in  regard  to  packing  and  grading,  but  the  size,  texture,  and 
taste  are  faulty.  Of  the  1930  South  African  prune  crop,  19.6  percent 
was  first  grade,  bringing  5%,  4,  and  2  pence  (11,  8,  and  4  cents),  ac- 
cording to  pack;  57.9  percent  was  second  grade,  bringing  1  to  1% 
pence  (2  to  3  cents)  per  pound;  and  22.5  percent  was  third  grade, 
bringing  y2  penny  (1  cent)  per  pound.  It  is  held  that  proper  spray- 
ing and  cultural  methods  will  increase  the  proportion  of  first-grade 
prunes.15  The  size  of  the  fruit  is  unusually  small,  usually  running 
from  60  to  90  per  pound.  There  is  also  an  increasing  tendency  to 
export  the  large-sized  prunes  as  fresh  fruit,  and  for  this  reason 
South  Africa  imports  large-sized  prunes  from  the  United  States  at 
the  same  time  that  it  is  exporting  its  crop  of  small-sized  prunes. 


'•  Statement  by    O.   S.    H.    Reinecke,    horticulturist,    Stellenbosch-Elsenburg   College    of 
Agriculture. 
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Yields  are  generally  very  low  and  erratic.  Delayed  foliation  fol- 
lowing warm,  dry  winters  is  believed  to  be  a  contributing  cause,  and 
this  is  beginning  to  be  overcome  by  the  process  of  oil  spraying  dur- 
ing the  late  winter  months. 

The  number  of  prune  trees  sold  by  nurseries  during  each  recent 
year  represents  only  3  or  4  percent  of  the  number  of  trees  enumer- 
ated on  farms  in  1930,  and  it  is  doubtful  whether  this  is  equal  to  the 
number  of  trees  that  die  or  are  removed  each  year.  No  further  ex- 
pansion of  prune  production  is  to  be  expected,  although  the  produc- 
tion will  probably  continue  to  fluctuate  markedly  from  year  to  year. 

PEACHES 

The  number  of  commercial  peach  trees  in  the  Union  in  1930  was 
3,590,670,  or  33,247  acres  on  the  basis  of  108  trees  per  acre.  The 
number  of  noncommercial  trees  probably  equals  the  number  of  com- 
mercial trees. 

In  1931  the  total  commercial  production  of  peaches  in  the  Union 
was  about  6,600  short  tons,  of  which  4,400  tons  were  sold  locally  or 
exported  as  fresh  fruit  and  about  700  tons  were  used  by  the  canning 
industry.  About  1,500  short  tons  were  dried  for  local  sale  and  ex- 
port. This  was  a  short  crop ;  and  since  the  quantities  of  peaches  used 
fresh  and  for  canning  vary  only  slightly  from  year  to  year,  the  pro- 
portion of  the  crop  dried  is  normally  higher  than  the  1931  figures 
would  indicate. 

The  quantity  of  dried  peaches  sold  by  farmers  in  1930,  a  record 
year,  was  1,429  tons.  About  40  percent  came  from  the  districts  of 
Ceres,  Tulbagh,  and  Worcester,  but  a  large  number  of  districts  con- 
tributed small  quantities  to  this  total,  including  several  in  Transvaal 
and  Orange  Free  State. 

Dried  peaches  constitute  an  important  item  in  the  dried-fruit 
consumption  of  South  Africa  so  that  with  variations  in  size  of  crop 
the  quantities  for  export  fluctuate  greatly.  It  is  not  looked  upon 
with  favor  as  a  promising  product  for  export,  and  only  a  small  pro- 
portion of  the  dried-peach  crop  is  exported  except  in  years  of 
unusually  heavy  production,  as  in  1930.  Since  1911  the  production  of 
dried  peaches  has  decreased  from  about  1,250  tons  to  about  700  tons 
per  year.  There  have  been  no  large  plantings  of  peaches  that  are 
suitable  for  drying,  like  the  Muir  within  recent  years.  On  the 
contrary,  many  of  these  varieties  have  been  replaced  with  those  suit- 
able for  canning  or  for  export  as  fresh  fruit.  The  production  of 
dried  peaches  will  continue  downward  in  trend. 

PEARS 

Dried  pears  do  not  constitute  an  important  crop.  Among  many 
growers  the  production  is  limited  to  fruit  that  is  blown  to  the  ground 
when  practically  matured.  Therefore,  the  quality  of  the  dried  pears 
produced  in  South  Africa  is  inferior  to  the  quality  of  the  other 
classes  of  dried  fruits. 

There  were  1,009,740  commercial  pear  trees  in  the  Union  in  1930, 
9,349  acres  on  the  basis  of  108  trees  per  acre.  The  increase  in  the  4 
years  following  1926  amounted  to  only  1  percent,  although  the  total 
number  of  pear  trees,  commercial  and  otherwise,  had  increased  47 
percent  in  the  7  years  between  1918  and  1925.    In  1926,  47  percent 
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of  the  pear  trees  were  of  nonbearing  age,  as  compared  with  38% 
percent  in  1930. 

Most  of  the  pear  crop  is  consumed  locally  or  exported  as  fresh 
pears.  About  1,000  to  1,500  short  tons  are  used  by  the  canning  in- 
dustry and  only  a  small  quantity  is  used  for  drying,  but  most  of  the 
dried  pears  are  exported. 

The  quantity  of  dried  pears  sold  by  farmers  in  1930,  a  record  crop, 
amounted  to  231  tons.  Most  of  this  production  came  from  the  Ceres, 
Worcester,  Paarl,  and  Stellenbosch  districts.  The  percentage  of 
nonbearing  pear  trees  in  1930  in  the  Ceres  district  was  40  percent, 
in  the  Worcester  district,  25  percent ;  in  the  Paarl  district,  14  percent ; 
and  in  the  Stellenbosch  district,  23y2  percent,  from  which  it  would 
appear  that  the  considerable  increase  in  pear  production  is  likely 
to  come  from  those  districts  that  specialize  in  drying. 

The  production  of  dried  pears  has  increased  since  1911  from  about 
100  tons  to  about  200  tons  per  year.  The  production  may  increase 
still  further  during  the  next  5  or  10  years  in  proportion  to  the 
marked  expansion  in  the  production  of  fresh  pears,  but  it  is  not 
expected  to  reach  significant  proportions. 

APPLES 

A  small  quantity  of  dried  apples  is  regularly  produced  but  the 
production  at  present,  about  125  tons,  is  not  more  than  was  produced 
15  years  ago.  The  domestic  demand  for  dried  apples  is  limited,  and 
exports  are  insignificant.  No  material  expansion  is  expected  in  this 
direction  despite  the  fact  that  apple  production  is  expanding  rapidly 
around  Elgin  and  along  the  south  coast  toward  Port  Elizabeth. 
These  apple-producing  areas  do  not  have  suitable  drying  weather. 

In  1930  there  were  2,464,370  commercial  apple  trees  in  the  Union, 
or  24,644  acres  on  the  basis  of  100  trees  per  acre.  Most  of  the  apple 
crop  is  consumed  locally  as  fresh  fruit,  and  a  considerable  quantity 
of  fresh  apples  are  exported.  Only  about  250  short  tons  of  apples 
are  used  for  commercial  drying.  In  1930  the  quantity  of  dried 
apples  sold  by  farmers  was  120  tons,  most  of  which  came  from  the 
districts  of  Caledon,  Ceres,  and  Worcester,  in  Cape  Province,  and 
Ficksburg  in  Orange  Free  State  Province.  The  number  of  com- 
mercial apple  trees  was  practically  the  same  in  1930  as  in  1926.  There 
is  nothing  to  indicate  that  the  drying  of  apples  will  become  an 
important  industry. 

FIGS 

In  1930  there  were  341,590  commercial  fig  trees  in  the  Union,  or 
3,163  acres,  assuming  that  there  are  108  trees  per  acre,  as  compared 
with  466,130  commercial  trees  in  1926.  This  is  a  considerable  reduc- 
tion. In  1930  only  20  percent  of  the  fig  trees  were  of  nonbearing 
age,  as  compared  with  26  percent  in  1926.  This  also  indicates  a 
check  in  the  expansion  of  commercial  production. 

The  quantity  of  dried  figs  sold  by  farmers  in  1930  was  169  tons. 
Most  of  this  quantity  came  from  the  Tulbagh,  Ceres,  and  Montagu 
districts.  The  1930  census  indicates  practically  no  nonbearing  fig 
acreage  in  1930  in  the  Ceres  district,  only  250  nonbearing  trees  in 
the  Montagu  district,  but  36  percent  nonbearing  in  the  Tulbagh  dis- 
trict. In  no  case  does  it  appear  probable  that  the  bearing  acreage 
of  figs  will  be  materially  increased. 
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The  production  of  miscellaneous  dried  fruits  such  as  figs,  nectar- 
ines, and  quinces  has  increased  from  25  tons  in  1911  to  about  250 
tons  at  present,  but  there  is  little  reason  to  expect  that  the  production 
of  these  fruits  will  increase  much  beyond  the  present  insignificant 
figures,  although  a  slight  expansion  in  the  production  of  figs  is 
likely  to  occur.  Exports  of  these  miscellaneous  dried  fruits  are 
insignificant. 

It  is  not  to  be  expected  that  the  production  of  dried  fruits  will 
increase  much,  if  any,  beyond  the  present  level  of  9,000  to  10,000 
tons  per  year  unless  an  unforeseen  collapse  of  the  wine  market  di- 
verts production  into  raisin  channels.  The  production  of  dried  apri- 
cots will  probably  increase,  and  this  is  significant  since  exports  of 
this  product  are  relatively  large  in  relation  to  the  total  international 
trade  in  dried  apricots.  The  production  of  dried  peaches  will  prob- 
ably decline  and  possibly  that  of  prunes  as  well.  The  production 
of  dried  apples,  pears,  and  miscellaneous  fruits,  although  increasing 
slightly,  will  not  reach  significant  proportions. 

The  annual  agricultural  census  was  discontinued  after  1930.  Sub- 
sequent data  have  been  approximated  from  exports  and  domestic 
consumption,  the  latter  being  estimated  from  data  available  between 
1927  and  1930.  In  calculating  domestic  consumption  no  allowance 
could  be  made  for  differences  in  carry-over  from  one  year  to  another. 
The  average  of  4  years  was  therefore  obtained  in  order  to  minimize 
this  source  of  error. 

Customs-office  statistics  are  only  partly  segregated,  and  it  has 
been  necessary  to  use  data  compiled  by  Government  officials  who  in- 
spect all  dried  fruit  exported.  Such  figures  cover  only  overseas  ex- 
ports and  are  usually  slightly  smaller  than  the  customs  figures. 
Furthermore,  they  apply  to  the  date  of  sailing,  whereas  the  customs 
figures  apply  to  the  date  the  documents  are  executed.  This  some- 
times alters  the  year  in  which  late  December  shipments  are  recorded. 

These  difficulties  have  been  overcome  with  fair  success  so  that 
table  72  is  reasonably  reliable. 

Table  72. — Dried  fruit:  Production,  exports,  and  calculated  domestic  consump- 
tion, Union  of  South  Africa,  1927-33  * 


Production  (farm 
weight,  dried) 

Loss  or  gain 
in  processing 

Pro- 
duction 

final 
weight 

Exports 

Appar- 
ent 
domes- 
tic con- 
sump- 
tion 

Addi- 
tional 
im- 
ports 

Commodity 

and  year  of 

harvest 

On 
farms 2 

In  fac- 
tories 3 

Total 

Per- 
cent- 
age 

Quan- 
tity 

Over- 

South-West 
Africa,  South- 
ern Rhodesia, 
and  Northern 

Rhodesia  5 

Total 

Raisins: 

1927 

1928 

1929 - 

1930 

1,000 
pounds 
6,839 
6,788 
6,571 
6,062 

1,000 
pounds 
84 
63 
78 
98 

1,000 
pounds 
6,923 
6,851 
6,649 
6,160 

Per- 
cent 
-5 
-5 
-5 
-5 

1,000 
pounds 
346 
343 
332 
308 

1,000 
pounds 
6,577 
6,508 
6,317 
5,852 

1,000 
pounds 
1,981 
2,244 
1,  556 
1,013 

1,000  pounds 
121 
118 
130 
112 

1,000 
pounds 
2,102 
2,362 
1,686 
1,125 

1,000 
pounds 
4,475 
4,146 
4,  631 
4,727 

1,000 
pounds 
49 
134 
164 
157 

Average.  . 

6,  565 

81 

6,  646 

—5 

332 

6,314 

1,698 

120 

1,818 

4,496 

126 









1  Not  including  imports  and  not  corrected  for  differences  in  carry-over. 

3  Census  enumeration  of  dried  fruit  sold  by  farmers. 

3  Census  enumeration  (total)  segregated  on  basis  of  special  questionnaire  to  factories  for  the  year  1929-30. 

*  Reports  of  the  South  African  Department  of  Agriculture  (inspection  returns). 

»  South-West  Africa,  Southern  Rhodesia,  and  Northern  Rhodesia;  customs  report;  total  segregated  in 
following  percentages:  Raisins,  20.5;  sultanas,  13.7;  currants,  4.8;  apricots,  9.6;  peaches,  20.5;  prunes,  22;  pears, 
2.1;  apples,  3.4;  and,  figs  3.4. 
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Table  72.- 


-Dried  fruit:  Production,  exports,  and  calculated  domestic  consump- 
tion, Union  of  South  Africa,  1927-33 — Continued 


Production  (farm 

Loss 

or  gain 

Exports 

weight,  dried) 

in  processing 

Pro- 
ductior 

final 
weight 

Appar- 

Addi- 
tional 
im- 
ports 

Commodity 

and  year  of 

harvest 

On 

farms 

In  fac- 
tories 

Total 

Per- 
cent- 
age 

Quan- 
tity 

Over- 
seas 

South-West 
Africa,  South 
ern  Rhodesia 
and  Northerrj 

Total 

ent 
domes- 
tic con- 
sump- 
tion 

Rhodesia 

1,000 

1,000 

1,000 

Per- 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

Sultanas: 

poundi 

pound* 

pounds 

cent 

pounds 

pounds 

poundi 

1,000  pounds 

pounds 

pounds 

pounds 

1927 

3,515 

134 

3,649 

-5 

182 

3,467 

1,425 

80 

1,505 

1,962 

1928 

4,044 

100 

4,144 

-5 

207 

3,937 

2,762 

79 

2,841 

1,096 

1929 

3,369 

125 

3,494 

-5 

175 

3,319 

1,232 

87 

1,319 

2,000 

1930 

3,000 

156 

3,156 

-5 

158 

2,998 

1,356 

75 

1,431 

1,567 

Average.  - 

3,482 

129 

3,611 

-5 

180 

3,430 

1,694 

80 

1,774 

1,656 

Currants: 
1927 

218 

218 

218 

0 

28 

28 

190 

1,089 
1  073 

1928 

192 

192 

192 

1 

28 

29 

163 

1929 

431 

431 

431 

4 

30 

34 

397 

1,  149 

1930- - 

616 

616 

616 

1 

26 

27 

589 

474 

Average. - 

364 

364 

364 

2 

28 

30 

335 

946 

Apricots: « 
1927 

1,  958 

1,550 

3,508 

+8 

281 

3,789 

2,440 

56 

2,496 

1,293 

1928 

2,217 

1,150 

3,367 

+8 

269 

3,636 

2,488 

55 

2,543 

1,093 

1929 

2,634 

1,450 

4,084 

+8 

327 

4,441 

3,442 

61 

3,503 

908 

1930 

2,750 

1,800 

4,550 

+8 

364 

4,914 

3,944 

53 

3,997 

917 

Average. . 

2,390 

1,488 

3,877 

+8 

310 

4,188 

3,078 

56 

3,  135 

1,053 

Peaches: 
1927 

1,774 

67 

1,841 

+8 

147 

1,988 

357 

120 

477 

1,511 

1928 

1,337 

50 

1,387 

+8 

111 

1,498 

248 

118 

366 

1,132 

1929.. 

1,724 

62 

1,786 

+8 

143 

1,929 

383 

130 

513 

1,416 

1930-. 

2,859 

78 

2,937 

+8 

235 

3,172 

1,260 

112 

1,372 

1,800 

Average. . 

1,924 

64 

1,988 

+8 

159 

2,147 

562 

120 

682 

1,  465 

Prunes     and 

plums: 

1927 

2,100 

153 

2,  253 

+5 

113 

2,366 

405 

129 

534 

1, 832 

20 

1928 

581 

114 

695 

+5 

35 

730 

1 

127 

128 

602 

228 

1929 

1,  364 

142 

J,. 506 

+5 

75 

1,581 

605 

140 

745 

836 

372 

1930 

3,  751 

178 

3,  929 

+5 

196 

4,125 

2.  308 

120 

2,423 

1,697 

82 

Average.. 

1,949 

147 

2,096 

+5 

105 

2,  aoo 

830 

129 

959 

1,242 

176 

Pears: 
1927 

79 

28 

107 

+5 

5 

112 

3 

12 

15 

97 

1928 

212 

21 

233 

+5 

12 

245 

88 

12 

100 

145 

1929 

124 

26 

1.50 

+5 

8 

158 

(7) 

13 

13 

145 

1930 

462 

33 

495 

+5 

25 

520 

304 

11 

315 

205 

Average. . 

219 

27 

246 

+5 

12 

259 

99 

12 

111 

148 

Apples: 
1927 

159 

58 

217 

+10 

22 

239 

4 

20 

24 

215 

1928 

210 

43 

253 

+10 

25           278 

47 

20 

67 

211 

1929 

237 

54 

291 

+10 

29 

320 

23 

21 

44 

276 

1930 

240 

67 

307 

+10 

31 

338 

73 

19 

92 

246 

Average. . 

212 

56 

267 

+10 

27 

294 

37 

20 

57 

237 

Figs: 
1927 

280 

280 

280 

0 

20 

20 

260 

195 

1928 

218 

218 

218 

0 

20 

20 

198 

163 

1929 

273 

273 

273 

23 

22 

45 

228 

120 

1930... 

338 

338 

338 

5 

19 

24 

314 

138 

Average. . 

277 

277 

277            7 

20 

27 

250 

154 

1 

6  Harvested  in  preceding  December. 

7  Less  than  500  pounds. 

Compiled  from  official  sources. 
9G3890 — 35 12 
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METHODS  AND  COSTS  OF  PRODUCTION 

The  geographical  distribution  of  the  fruit  areas  is  related  to  the 
amount  of  rainfall  or  the  availability  of  irrigation  water,  the  suit- 
ability of  the  soil,  and  freedom  from  pests.  The  absence  of  rains 
during  the  drying  period  is  an  added  factor  which  limits  the  dry- 
ing areas  to  certain  fruit  districts  and  excludes  the  industry  from 
the  fruit  districts  closest  to  Capetown  (table  73).  Very  little  dry- 
ing is  done  closer  than  Wellington.  There  apricots  reign  supreme, 
grown  largely  without  irrigation  and  dried  during  the  summer 
months  of  December  and  early  January,  before  the  early  winter 
rains  have  begun.  Behind  the  nearby  mountains  the  rainfall  is  much 
less,  and  peaches,  prunes,  raisins,  and  sultanas,  grown  under  irriga- 
tion, can  be  successfully  dried  during  February  and  March,  since  the 
early  winter  rains  are  not  of  serious  consequence.  Pears  are  dried 
successfully  during  February,  March,  and  April,  in  the  arid  Ceres 
district  where  early  winter  rains  are  insignificant,  but  in  other  lead- 
ing pear  districts,  dried  pears  are  merely  byproducts  of  the  fresh 
pear  industry,  and  suitable  drying  weather  must  be  chanced.  The 
secondary  area  at  Golden  Valley,  near  Port  Elizabeth,  where  chiefly 
apricots  are  grown,  is  subject  to  summer  rains,  and  drying  is  often 
unsatisfactory.  The  production  of  sultanas  on  the  Orange  River  in 
northern  Cape  Province  occurs  in  the  summer-rainfall  area,  but  the 
annual  rainfall,  7  inches,  is  so  low  that  drying  can  be  successfully 
accomplished. 


Table  73. — Rainfall  and  drying  period:  Dried-fruit  districts, 
Africa,   normal   and  1932 


Union  of  South 


Blooming 

and  drying 

period  * 2 

Rainfall 

Month 

Wellington 

Tulbagh 

Ceres 

Worcester 

Robertson 

Cookhouse 

Nor- 
mal 

19323 

Nor- 
mal 

1932 

Nor- 
mal 

1932 

Nor- 
mal 

1932 

Nor- 
mal 

1932 

Nor- 
mal 

1932 

January 

February..  . 

March 

April 

Drying: 

A,B,C 

B,C.D,E  — 
C,D,E 

Ins. 
0.74 
.55 
.86 
2.34 
3.85 
4.90 
3.56 

3.50 
2.32 
2.03 
1.11 
.73 

Ins. 
1.34 
5.16 
.90 
.66 
6.24 
5.06 
2.91 

3.44 

3.14 

.81 

.44 

1.01 

7ns. 
0.51 
.38 
.60 
1.61 
2.59 
3.21 
2.65 

2.55 
1.84 
1.58 
.80 
.55 

Ins. 

0.16 

4.41 

0 

0 

2.72 

2.73 

2.59 

1.55 
2.16 
.74 
.20 
.35 

Ins. 
1.05 
.55 
1.02 
2.86 
5.90 
7.87 
6.00 

5.83 
3.97 
3.49 
1.73 
1.25 

Ins. 
2.14 
7.09 
1.09 
.68 
4.12 
7.76 
7.17 

3.37 
1.68 
1.67 

.84 
.94 

7ns. 

0.29 
.35 
.52 

1.05 
.57 

2.16 

1.79 

1.54 
1.16 
1.06 
.51 
.38 

7ns. 
0.03 
2.59 
0 

.05 
1.20 

.68 
1.04 

0 

1.89 
.29 
.18 
.26 

7ns. 
0.63 
.73 
.91 
1.24 
1.27 
1.57 
1.36 

1.27 
1.23 
.97 
.77 
.61 

Ins. 

0.08 
.65 
.17 
.35 
.97 

1.32 
.95 

.08 
4.47 

.53 
1.17 

.42 

7ns. 

1.61 

2.42 

2.39 

1.44 

.81 

.68 

.42 

.55 

.99 

1.31 

1.56 

2.26 

7ns. 

5.55 

1.98 

.99 

.33 

May 

June 

July 

August 

September  . 

October 

November.. 
December.. 

Blooming: 

D 

A.  B,  C,D... 

A,C,E 

E 

Drying:  A,  D. 

1.29 
.25 
.62 

0 

4.73 

3.02 

2.52 

1.35 

Total 

26.49 

31.11 

18.87 

17.61 

41.  52 

38.55 

11.38 

8.21    12.56 

11.16 

16.44 

22.63 

1  Golden  Valley  and  Kakamas  areas  are  2  to  3  weeks  earlier  than  the  western  Cape  Province. 

a  A=apricots;  B  =  peaches;  C  =  pears;  D  =  prunes;  E=raisins. 

3  Wellington  station  closed:  the  figures  given  are  for  Vruchtbaar,  nearby. 

Raisins  are  produced  from  White  Hanepoot  (Muscat  of  Alexan- 
dria) or  Rosaki  (Waltham  Cross)  grapes.  They  produce  raisins 
that  are  light  amber,  dark  amber,  or  very  dark  in  color  depending 
upon  whether  the  grapes  are  fully  matured  or  partly  green.     It  is 


AGRICULTURE    IN    SOUTHERN    AFRICA  179 

a  common  practice  to  gather  all  of  the  grapes  at  1  picking,  although 
the  better  growers  gather  the  crop  in  2  or  3  pickings.  The  grapes 
are  lye-dipped  lightly  to  hasten  the  drying.  They  are  usually  dried 
on  trays  in  the  shade  for  4  or  5  days,  or  longer  if  the  weather  is 
cloudy.  The  fruit  is  turned  on  the  third  day.  The  trays  are 
stacked  during  the  first  few  days,  especially  in  the  case  of  rain  or 
heavy  dews.  Raisins  that  have  been  finished  off  in  the  stack  or 
shade,  show  better  color  and  higher  quality.  The  diseased  portion 
of  low-hanging  bunches  is  cut  away  when  harvesting  is  done,  and 
other  inferior  bunches  are  culled  out  on  the  trays.  When  properly 
dried,  the  raisins  are  sweated  in  a  closed  stack,  the  contents  of  several 
trays  on  one,  or  they  are  bulked  6  inches  deep  on  a  clean  dry  loft  to 
even  up  the  moisture  content.  A  common  practice,  now  being  dis- 
couraged, is  to  store  and  deliver  the  raisins  in  bags.  Some  growers 
use  the  Australian  method  of  drying  under  shade  on  horizontal 
stretches  of  woven  wire.  An  old  method  now  becoming  obsolete  is 
to  dry  the  raisins  on  hard-packed  clay  grounds. 

Sultanas  are  golden-colored  seedless  raisins  produced  from  Sul- 
tana or  Sultanina  (Thompson  Seedless)  grapes.  Fully  matured 
grapes  are  essential  for  producing  the  light-golden  color  required 
for  first-quality  sultanas.  Until  recently,  only  one-fourth  of  the 
sultanas  were  bleached  by  sulphuring,  but  during  the  last  few  years 
about  two-thirds  of  the  sultanas  have  been  bleached.  The  sulphur- 
ing is  done  immediately  after  the  fruit  is  dipped  in  lye.  Each  sul- 
phuring chamber  is  usually  6  feet  high,  4  feet  wide,  and  10  feet 
long,  and  2  pounds  of  sulphur  per  chamber  are  used.  The  trays  are 
stacked  with  strips  between  them  to  ensure  thorough  sulphuring. 
The  trays  are  then  stacked  on  the  drying  ground  for  part  drying 
in  the  shade,  as  with  raisins.  Usually  4  or  5  days  in  the  shade,  then 
2  days  in  the  sun,  and  finally  a  finishing  off,  if  necessary,  in  the  stack, 
constitute  the  procedure.  The  fruit  Is  turned  on  the  tray  on  the 
second  day.  The  unbleached  sultanas  are  usually  stacked  in  a  strong 
draft  for  about  4  days  immediately  after  being  dipped  and  are  then 
sun-dried.  Shade  drying  is  essential  to  produce  the  light-colored 
fruit,  if  the  sulphur  dioxide  content  is  to  be  kept  below  the  maximum 
allowed — 0.075  percent.  Culling  is  done  on  the  tray  before  the 
fruit  is  scraped  together  and  sorted  according  to  color.  The  finished 
sultanas  are  sweated  or  evened  up,  as  with  raisins. 

Currants  are  produced  from  Zante  (Black  Corinth)  or  Cape  cur- 
rant (seedless  red  muscadel)  grapes.  The  latter  are  unfortunately 
not  always  without  seeds,  and  some  of  the  currants,  especially  those 
containing  seeds,  are  too  large,  giving  the  finished  product  an  uneven 
appearance  as  to  size.  The  Cape  currant  also  has  a  distinct  muscat 
flavor,  but  the  Zante  is  more  tender  and  more  delicately  flavored. 
Currants  are  dried  in  the  shade,  either  stacked  or  on  wire  frames 
constructed  under  cover.  The  currants  are  not  lye-dipped.  They 
are  well  dried  before  being  evened  up  on  the  loft. 

Apricots  are  chiefly  of  the  Royal  variety,  but  some  Cape  variety 
apricots  are  produced.  The  fruit  is  gathered  from  the  trees,  hauled 
to  the  sheds  to  be  cut  into  halves  and  have  the  pits  removed.  It  is 
then  bleached  in  the  sulphuring  chambers  and  spread  on  the  drying 
grounds  in  trays.  The  labor  is  performed  mostly  by  native  women 
in  the  cutting  sheds  and  native  men  in  the  drying  yards.     The  low 
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cost  of  labor  makes  up  for  the  low  yields  per  tree.  At  Golden  Valley 
the  native  women  cutters  work  in  pairs  and  are  paid  1%  pence 
(3  cents)  each  per  half  tray  on  week  days  and  2  pence  (4  cents)  on 
Sundays  and  holidays.  Each  tray  contains  about  50  pounds  of  fresh 
fruit.  The  best  trees  at  Golden  Valley  yield  200  pounds  of  fresh 
fruit  per  tree  but  in  the  record  year  of  1930  the  average  production 
was  only  33  pounds  per  tree,  and  since  that  time  the  yield  has  been 
only  about  half  as  much.  Yields  in  the  Wellington  district  are 
said  to  average  45  to  50  pounds  per  tree  and  an  additional  10  pounds 
of  culls.  When  it  is  considered  that  the  apricots  average  14  fruits 
per  pound  and  that  the  field  box  contains  40  or  50  pounds  of  fruit, 
the  low  yield  per  tree  is  apparent.  The  trees  are  usually  planted  20 
feet  apart  each  way.  At  Golden  Valley  no>  fertilizer  is  applied,  but 
2  winter  irrigations  and  1  summer  watering  are  usually  given.  The 
low  yields  at  Golden  Valley  are  attributed  to  the  shallow  soil,  injury 
by  crown  gall  and  fruit  fly,  and  occasional  frosts. 


Figure  50. — Cooperative  plant  where  most  of  the  dried  apricots,  peaches,  and  pears 

are  handled. 

Around  Wellington  the  land  is  hilly  and  the  surface  soil  a  coarse 
gravelly  sand  underlaid  by  clay  or  clay  and  gravel.  Humus  con- 
tent is  low,  and  the  soil  is  somewhat  acid.  Stable  and  kraal  manure 
is  recommended  a,t  the  rate  of  2  or  3  bushels  per  tree  and  a  winter 
cover  crop  of  rye,  lupins,  or  peas  to  be  plowed  under  during  July 
and  August.  Commercial  fertilizers  are  applied  at  the  rate  of  200 
or  300  pounds  of  basic  superphosphate,  50  to  100  pounds  of  muriate 
or  sulphate  of  potash,  and  50  to  100  pounds  of  sulphate  of  ammonia 
per  acre  (about  100  trees).  With  minimum  applications  of  these 
fertilizers,  the  cost  per  acre  in  1933  is  14  shillings  6  pence  plus 
railage,  or  with  maximum  applications,  26  shillings  plus  railage 
from  the  coast. 

Peaches  for  drying  are  chiefly  Muir  and  Elberta  varieties.  They 
are  produced  and  dried  similarly  to  apricots. 

The  prunes  are  chiefly  the  Agen  variety,  but  other  varieties 
are  used.  They  are  allowed  to  ripen  and  drop  to  the  ground  and 
are  then  dipped  and  dried  in  trays  at  the  drying  grounds.  A  few 
Kelsey  plums  are  also  dried. 

Most  of  the  pear  trees  are  Bartlett  and  most  of  the  dried  pears  are 
of  this  variety,  but  in  practice  only  the  smaller  pears  and  the  wind- 
falls are  dried,  and  the  crop  includes  some  other  varieties. 
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There  are  15  or  20  small  packers  of  dried  fruit,  but  most  of  the 
farm-dried  fruit  is  delivered  to  a  cooperative  dried-fruit  company, 
which  has  a  plant  at  Worcester  for  processing  and  packing  sultanas, 


FlGUBR  51. — Apricot  sulphuring  chambers  and  dipping  tank  near  Ceres. 


Figure  52. — Dryinj 


?ar  Ceres,  January  31,  1933. 


raisins,  currants,  and  prunes  and  one  at  Wellington  for  apricots 
and  other  fruits. 

There  is  no  artificial  drying  outside  of  the  reprocessing  plants, 
since  sun-drying  is  cheaper  and  is  usually  adequate  (fig.  50,  51, 
and  52). 
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METHODS   OF   MARKETING 

Most  of  the  dried  fruit  is  packed  by  this  one  cooperative  dried- 
fruit  company — in  the  case  of  raisins  and  pears  over  three-quarters 
and  in  the  case  of  apricots,  sultanas,  and  prunes,  one-half  or  two- 
thirds.  This  cooperative  association  has  a  membership  of  approxi- 
mately 1,400  dried-fruit  growers,  an  increase  of  about  1,000  since 
1926.  The  company  has  about  £40,000  ($195,000  at  par)  of  its  own 
money  and  about  £30,000  ($146,000)  borrowed  from  the  land  bank 
invested  in  packinghouse,  buildings,  and  plants.  This  is  in  addition 
to  seasonal  loans  obtained  from  the  land  bank  amounting  to  £100,000 
to  £150,000  ($487,000  to  $730,000  at  par)  used  to  finance  members 
pending  the  disposal  of  the  fruit.  The  dried  fruit  handled  in  1932 
totaled  4,700  tons  of  which  3,300  tons  were  exported. 

The  numerous  grades  used  for  the  export  product  are  grouped 
into  3  to  5  grades  in  accordance  with  which  settlement  is  made 
with  the  growers.  In  most  cases,  the  second  and  third  grades  include 
the  bulk  of  the  crop  (table  74). 

Table  74. — Dried  fruit:  Payments  per  pound  to  growers  oy  the  South  Africa n 

Dried  Fruit  Co.,  1932  1 


Fruit 

Grade 

Ad- 
vance 

Final 

Total 

Fruit 

( rrade 

Ad- 
vance 

Final 

Total 

1 
2 
3 

Pence 

2!4 

Pence 

Pence 

m 
m 

4 
3 
2 

7 

8H 

3 
2 

Almonds: 
Soft 

Pence 

a 

3 
2 

hi 

2H 

m 

4 
2W 

.M 

4H 

2H 

m 

i 

4 
3 
2 

1 

ZH 

2^2 

G 
3 

Pence 

Pence 

1%           W 

1 
4 
3 
3 

21/2 

m 

5H 

4 

2H 

2 
1 

4 

m 

2 

1 
5 
3 

m 

H 

l 

ni 

1 
1 
1 

1 

Hard 

Bleached  sultanas. . . 

1 

2 
3 
4 
1 
2 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

1 
2 

1 
2 

H 
H 

4i/2 

U  nbleached  sultanas. 
Apricots:  Royal 

1 
2 
3 
1 
2 
3 
4 
5 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

4 
3 

2K 

Apricots:  Cape 

Peaches 

1 
1 

1 

I 

IK' 
Wi 
\Vi 
2 

1 
1 
1 

6 

3K> 
2H 
2 

6H 

4 

2V\ 

2Vi 

6 

Kernels      of      fruit 
stones 

4 

3 

Figs 

2 

1  The  price  per  pound  in  cents  is  approximately  double  the  price  quoted  in  pence. 
According  to  the  manager  of  the  company,  all  advances  in  1933  were  the  same  as  those  in  1932,  except  those 
for  currants,  which  were  increased  to  6  pence  and  4^  pence. 

The  trend  of  prices  between  1919  and  1930  shows  that  present 
prices  are  much  lower  than  those  obtained  during  1920  to  1922  (table 

75). 

All  dried  fruit  for  export  must  be  inspected  by  Government  in- 
spectors. A  charge  of  3  shillings  per  short  ton  is  made.  At  least  1 
percent  of  each  consignment  must  be  examined,  and  only  those  con- 
signments conforming  to  a  minimum  specification  may  be  exported. 
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The  boxes  may  contain  5,  10,  14,  25,  28,  50,  or  56  pounds  of  fruit  net 
weight,  although  in  practice  25-pound  boxes  are  generally  used. 
Each  box  must  be  properly  labeled.  The  official  regulations  pro- 
vide for  3  grades  of  loose  raisins  and  1  grade  of  stalk  or  cluster  rai- 
sins; 3  grades  of  sultanas;  8  grades  of  prunes,  ranging  from  40's 
to  over  120's;  6  grades  of  peaches;  0  grades  of  apricots;  and  4  grades 
of  pears.  The  best  grade  of  loose  raisins,  good  average  quality, 
must  be  uniform  in  color,  firm,  full-flavored,  and  shall  not  pass 
through  a  sieve  of  %-inch  mesh.  The  best  grade  of  apricots,  Four 
Diamonds,  must  be  naturally  ripened,  cleanly  cut,  of  uniform  color 
according  to  variety,  and  shall  not  pass  through  a  sieve  of  1 14-inch 
mesh  (tables  76  and  77). 

Table  7o. — Dried  fruit:   Wholesale  price  per  pound,    Union  of  South  Africa, 

1919-30 

[Cents  per  pound  are  approximately  double  the  price  in  pence] 


Year 

Loose 
raisins 

Cluster 
raisins 

Sul- 
tanas 

Cur- 
rants 

Apri- 
cots 

Prunes1 

Peaches 

Pears 

Ap- 
ples 

Figs 

1919. 

Pence 
6K> 
6 
5 

3 

SH 

2% 

3 
4 
4 

3% 

3*2 

Pence 
14 
14 

9 
15 

6 

7 

5 

6 

7 

5H 

5K> 

Pence 

m 

9 

8 
8 
6 
5 
5 
0I4 

,  SH 

5 

i% 

M 

Pence 
18 
16 
15 
12 
10 
10 

w 

M 
W* 

Pence 
11 
19 

10H 
16 
9 
10 

9\2 

10J-4 

im 
9 

m 
m 

Pence 
10 
10 

9 

9 

7 

5H 

5 

6>4 

m 

5*2 

m 

Pence 
9 
11 

8 

7 

8 

7 

SH 

8 

7*4 

6*4 

M 

Pence 
11 
11 
10 
12 
10 
10*2 

m 

n 

\m 

9*2 

9*2 

m 

Pence 
12 
13 
11 
13 
8 
10*2 

m 
m 
m 

8*2 
8 

m 

Pence 
11 

1920  .. 

18 

1921 

9 

1922 . 

10*3 

1923 

9 

1924 

9 

1925 

7H 

1926 

7*2 

1927  .. 

7 

1928  ._ 

7H 

1929... 

6*4 

1930 

5*4 

1  Plums  and  prunes. 

Union  of  South  Africa  Agricultural  Census  Report,  1929,  (48);  Official  Year  Book  (47,  No.  IS,  p.  897). 

Table  76. — Dried  fruit:  Exports  from  tlie  Union  of  South  Africa,  by  months, 

1929-32  * 


Month 


January.... 
February.. 

March 

April 

May 

June 

July 

August 

September, 

October 

November. 
December.. 


Total. 


Raisins 


1929 


Pounds 
2,100 


100 

74,  342 

163,029 

119,494 

101,  136 

367,  471 

305,  161 

349,  515 

69,855 

3,478 


1,  555,  681 


Pounds 

78 

1,250 

1,924 

3,900 

125,475 

157, 825 

82,  545 

214,  050 

214,854 

118,582 

53,  541 

39,250 


1,  013,  274 


1931  1932 


Pounds 

40,600 

259,400 

196,  750 

511,750 

864,915 

705,  589 

444,  295 

370,  774 

295,  192 

17,  596 

3,  436 

25,  050 


3,  735,  34; 


Pounds 
27,600 


105,  475 

956,275 

1,  297, 425 

717.  190 

213,  750 

143,050 

21,100 

3,464 

70,300 


3,  555,  629 


Sultanas 


1929  1930 


Pounds 
900 


9,800 

137,  760 

430,  350 

189,  660 

207,007 

160,294 

37,200 

4,750 

3,381 

51,100 


1,  232,  202 


Pounds 

59,140 

27,700 

3,025 

21,050 

260,000 

148,068 

251,  742 

205,000 

80, 170 

175,  582 

34,655 

75,000 


1,  341, 132 


Pounds 

33,350 

18,025 

206,625 

491,900 

1,024,355 

450,297 

198,850 

96,  275 

20,648 

14,  247 

800 

1,150 


2,  556,  522 


1932 


Pounds 
20,906 


265,400 

959,  225 

844,  350 

405, 895 

159,400 

1 12.  525 

125,650 

3,958 

3, 825 

751 


2,  901, 885 


1  Not  including  overland  exports  to  South- West  Africa,  Southern  Rhodesia,  Northern  Rhodesia,  Belgian 
Congo,  etc.  (about  3  percent). 
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Table  76. — Dried  fruit:  Exports  from  the  Union  of  South  Africa,  by  months, 

1 929-32— Continued 


Month 

Currants 

Apricots 

1929 

1930 

1931 

1932 

1929 

1930 

1931 

1932 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 
343,  775 
629, 150 
704,  750 
418,  750 
417,  525 
259,  025 
340,  375 
94,  350 
81,  200 
41, 125 
11,823 
100,  250 

Pounds 
427, 415 
673, 875 
510, 975 
485,  950 
364,  825 
275,  028 
272,  025 
335,  975 
204,  410 
249,  575 
59,900 
70,  331 

Pounds 

354,  600 

643,  375 

706,  225 

402,  950 

376,  375 

237,  425 

27,  875 

34,  375 

59,  025 

14, 150 

4,350 

40,700 

Pounds 

792, 950 

769,  750 

818, 100 

642,  500 

297,325 

232,  950 

202,  525 

185,  250 

145,  400 

68,200 

32,200 

2  103,  900 

March 

200 

250 

April 

300 

200 
1,175 

675 

1,500 

25 

200 

225 

150 

120 

July 

150 

48 

598 
56 

108 

November 

Total 

4,200 

550 

1,002 

228 

3,  442,  098 

3,  930,  284 

2,  901,  425 

4,  291,  050 

Peaches 

Pears 

50 

10, 800 

29, 250 

40, 450 

49,  900 

11,050 

61,  050 

143,  550 

21, 475 

13,  325 

2,000 

300 

41, 375 
122,  050 
180,  575 
87, 125 
193,  000 
162,  025 
129,  750 
91,  475 
57,  010 
73,  825 
13,  725 
65,  000 

5,925 
44,  850 
37,  700 
44,  525 
52,  250 
70,  425 
20,  425 

8,750 
14,850 
20,  000 

2,625 

9,000 
15, 100 

151,  300 
91,  700 
80,  275 

212,  325 
60,  800 
26,  550 
17, 175 
8,550 
34,  575 

625 
125 
250 

February 

1,525 
3,525 
13,900 
42, 800 
57,  275 
35,025 
20,  750 
36,600 
46,  700 
37,  225 
4,750 

March 

April 

17,325 

May . 

31,  250 
16,  700 
16,  650 
8,700 

84,700 

54,  075 

July- 

26,620 

33,  575 

125 

8,625 

November.-     .-. 

50 

11,050 

50 

150 

Total 

383,  200 

1,  216,  935 

322,  325 

707,  350 

175 

300, 075 

74,  350 

236, 120 

Ap 

pies 

Prunes  and  plums 

150 
8,225 

50 

54,066 

55,  575 

204, 130 

638,  753 

695,  857 

291,  240 

245,  735 

48,  413 

25,200 

25,  396 

34,500 

575 

25,500 

20,000 

150 

2,850 
8,000 
8,900 
22,  636 
-     4, 150 
5,175 
2,155 
4,225 
5,475 
7,650 

5,000 

2,500 

2,600 

500 

2,150 

250 

50 

4,590 

95,  560 

153,  580 

100 
14,700 
31,  300 

875 
3,800 

200 
10,  550 

79, 150 

1,400 

5,000 

250 

15, 120 

345 

50 

325 

320 

5,000 
2,500 
5,000 
10,  050 
750 

300 

121,325 

162,  490 

July. 

500 

10,000 

304,  725 

58,  788 

125,  255 

105,  420 

720,  470 

157,115 

September..  

191,400 

100 

223 

750 

86,800 

Total 

22,960 

71,  216 

70, 650 

23,  523 

605,  038 

2, 319,  440 

266,  780 

1,  564,  350 

Miscelli 

meous  3 

Almonds,  kernels  and  walnuts 

800 

410 

5,500 

17,  215 

23,  288 

2,570 

5,811 

5,087 

2,800 

3,650 

6,749 

125 

1,346 
836 
4,500 
1,450 
2,772 
1,994 
6,707 
4,174 
4,017 
4,955 
12, 172 
3,525 

3,900 
1,640 
5,695 
2,196 
8,825 
5,713 
1,750 
3,000 
2,425 
3,494 
1,209 
1,175 

50 
1,250 

575 
6,375 
10,  953 
3,200 
3,036 
9,198 
8,497 

672 
3,395 

682 

200 
3,400 

200 

225 

50 

100 
252 
90 

40 

50 

Total 

74,005 

48,  448 

41,  022 

47,  883 

867 

3,640 

100 

2  Mostly  new  crop. 

3  Miscellaneous  includes  assorted  fruits,  nectarines,  quinces,  figs,  and  mebos  (crystallized  apricots) . 

South  Africa  Agricultural  Department,  Crops  and  Markets. 
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Table  77 — Dried  fruit:  Exports  to  specified  countries  from  the  Union  of  South 

Africa,  1931-32 


Commodity 

Year 

Total  i 

United 
King- 
dom 

New 

Zea- 
land 

Canada 

Ger- 
many 

Dutch 
East 
Indies 

Belgian 
Congo 

Mozam- 
bique 

Other  J 

/  1931 
I  1932 
/  1931 
{  1932 
f  1931 
\  1932 
f  1931 
I  1932 
/  1931 
1  1932 
/  1931 
1  1932 
/  1931 
1  1932 
/  1931 
I  1932 

f  1931 
\  1932 

1,000  lb. 
6,403 
6,526 
3,054 
4,217 
277 
1,591 
(«) 

709 
(«) 

238 

(5) 

26 

2 

19 

480 

12 

1.000  lb. 
6,081 
6,422 
1,851 
3,205 
127 
1,345 

1,000  lb. 
10 

539 

838 

4 

10 

1,000  lb. 
161 
56 
86 
146 

1,000  lb. 
24 

45~ 

15 

127 

224 

1,000  lb. 
2 
14 
(«) 

4 
(«) 

1,0001b. 
6 
6 
2 
2 
4 
5 

1,000  lb. 
11 
9 
2 
2 
5 
5 

1,0001b. 
108 
19 
529 
5 
10 
2 

Prunes 

Peaches 

534 

144 

23 

(«) 

1 

7 

Pears 

226 

6 

3 

1 

(«) 

1 

1 

Apples 

23 
W 

17 

271 

4 

2 
1 

(<) 

6 
0) 

0) 
1 
1 

10 
5 

1 

(4) 

Figs 

1 

Other - 

132 
2 

28 

24 

1 

8 
1 

Total 

10,  216 
13,338 

8,330 
11,  776 

685 
1,000 

275 
228 

220 
239 

3 

19 

19 
15 

29 
24 

655 
37 

i  Customs-office  figures  do  not  coincide  with  figures  of  the  South  African  Department  of  Agriculture. 

3  Chiefly  the  Netherlands,  Sweden,  Kenya,  Mauritius,  and  French  possessions. 

s  Includes  sultanas  and  currants. 

*  Less  than  500  pounds. 

1  Included  with  other  dried  fruits. 

GOVERNMENT  AIDS 

The  South  African  Government  extends  some  encouragement  to 
the  dried-fruit  industry  but  less  than  to  the  other  agricultural  indus- 
tries. After  England  abandoned  the  gold  standard  in  September 
1931,  the  South  African  Government  paid  various  rates  of  export 
subsidy  to  producers  of  primary  products.  An  export  subsidy  rate 
of  10  percent,  retroactive  to  July  1,  1931,  was  paid  for  all  classes 
of  dried  fruit.  The  subsidy  is  calculated  on  the  value  in  the  open 
market  at  the  port  of  shipment  at  the  time  of  export,  including  the 
cost  of  packing  and  packages.  A  strong  but  unavailing  plea  was 
registered  that  the  export-subsidy  rate  be  increased  to  20  percent, 
the  same  as  for  fresh  fruit.  After  South  Africa  also  abandoned  the 
gold  standard,  the  subsidy  rates  were  generally  reduced,  and  after 
February  14,  1933,  the  rate  was  only  7  percent,  but  the  subsidy  rates 
on  fresh  deciduous  fruit  were  continued  at  the  figures  previously 
established. 

The  Ottawa  agreements  of  1932  resulting  from  the  Imperial 
Economic  Conference  probably  benefited  the  dried-fruit  industry  in 
South  Africa  more  than  any  other  agricultural  industry.  The 
United  Kingdom  imposed  a  duty  on  dried  fruit  from  foreign  coun- 
tries amounting  to  10  shillings  6  pence  per  112  pounds,  applicable 
throughout  the  year,  as  against  the  previous  rate  of  7  shillings.  The 
United  Kingdom  also  agreed  that  the  general  ad  valorem  duty  of 
10  percent  imposed  by  section  1  of  the  Import  Duties  Act  of  1932  on 
specified  foreign  goods  will  not  be  reduced  except  with  the  consent 
of  the  Government  of  South  Africa.  This  clause  includes  dried 
fruits  other  than  currants  not  otherwise  specified  and  fruit  preserved 
by  chemical  or  artificial  heat  other  than  fruit  preserved  in  sugar. 
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CITRUS  FRUIT 

INTERNATIONAL  SIGNIFICANCE 

The  production  of  citrus  fruits  in  South  Africa  is  not  large  in  com- 
parison with  that  in  some  other  countries,  but  its  rapid  increase  since 
1925  commands  attention  (table  78).  The  fact  that  the  consuming 
population  is  small  occasions  the  export  of  an  unusually  large  pro- 
portion of  the  production.  This  is  a  second  reason  for  reckoning 
seriously  with  the  South  African  citrus  situation. 

Table  78. — Citrus  fruit:  World  production,  average  1927-28  to  1931-32 


United  States 

Spain 

China - 

Italy- - 

Japan 

Mexico 

Union  of  South  Africa 3 

Australia 

Algeria 

Palestine 

Brazil 

Paraguay 

Puerto  Rico.. — 

Argentine 


Oranges 

Lem- 
ons 

Grape- 
fruit 

1,000 

1,000 

1,000 

boxes 

boxes 

boxes 

46,000 

7,000 

13,  500 

38,000 

1,600 

50 

10,000 

(') 

(') 

10,700 

13,000 

(«) 

12,000 

(') 

(») 

3,400 

400 

2  49 

3,000 

100 

200 

2,400 

320 

35 

1,800 

110 

(4) 

3,400 

11 

3  500 

3  2,500 

0) 

3  25 

M,000 

(4) 

(«) 

'1,000 

3  1,000 

500 

(Y) 

10 

Uruguay. ... 

Greece. ... 

Ecuador 

Philippines 

Syria 

Southern  Rhodesia 

Jamaica 

Cyprus 

Turkey 

Tunis 

Cuba 

Mozambique 

Other 

World 


Oranges 


1,000 

boxes 

2,900 

700 

«300 

300 

250 

3  200 

3  200 

200 

200 

100 

'2,000 

75 

6,875 

150,000 


Lem- 
ons 


1,000 

boxes 

(<) 

160 

(4) 

0) 

100 

(<) 
(') 
(0 
100 
25 
(■) 
0) 

1,074 
24,000 


Grape- 
fruit 


1,000 
bores 

<4) 

(«) 

(4) 
100 

(<) 

3  20 
3  150 
0) 
(*) 

(<) 

250 

50 

1,061 

17,000 


Not  available. 


3  Commercial  crop. 


«  Small. 


Mostly  wild. 


UNION  OF  SOUTH  AFRICA 


TREND  OF  PRODUCTION 


Oranges  have  been  grown  in  the  Union  of  South  Africa  for  a  long 
time.  Shortly  after  the  occupation  of  the  Cape  and  the  arrival  in 
1652  of  Jan  van  Riebeck,  the  first  Governor,  oranges  were  brought  to 
the  Cape  via  St.  Helena.  They  were  planted  and  gave  rise  to  the 
Cape  Seedling,  which  was  planted  later  in  large  numbers  in  the  dis- 
tricts of  Clanwilliam,  Oudtshoorn,  Graaf-Reinet,  the  Lange  Kloof 
Valley,  and  the  Gamtoos  Valley.  Today  very  old  and  large  seedling 
trees  can  be  found  in  these  places.    Much  of  the  fruit  is  exported. 

The  good  prices  realized  by  South  African  oranges  during  the 
World  War  gave  a  decided  impetus  to  the  industry,  and  in  1918  there 
was  great  activity  in  the  citrus  areas.  Millions  of  Washington 
navels,  Valencias,  du  Rois,  and  grapefruit  trees  were  planted. 
Citrus  nurseries  multiplied  but  were  unable  to  supply  the  demand. 
This  increased  activity  in  the  nursery  business,  and  the  great  desire 
to  sell  trees,  afforded  little  time  and  opportunity  for  carrying  out  the 
principles  of  bud  selection,  and  during  the  first  few  years  thousands 
of  worthless  trees  were  planted.  Since  1925  further  expansion  has 
been  small  and  has  shifted  slightly  toward  grapefruit. 

Between  1926  and  1930  the  number  of  orange  trees  increased  7 
percent,  grapefruit  trees  25  percent,  lemon  trees  2  percent,  and  tan- 
gerine trees  decreased  11  percent.  Orange  trees  dominate  the  total 
so  that  the  increase  in  all  citrus  trees  amounted  to  6  percent  (table 
79). 
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Table  79. — Citrus  fruit   trees:  Number  in   the   Union  of  South  Africa,   1911, 

1918-21  and  1924-30 x 


Year 

Orange 

Tangerine 

Lemon 

Total 

Grafted 

Seedling 

Grafted 

Seedling 

1911  -' 

Number 

3  985.601 

1, 277,  405 

887,  470 

954,840 

1,371,615 

2,471,520 

3  3,  559,  280 

3  3,  633,  130 

3  3,  883.  350 

Number 

(3) 

548,237 
359,  440 
327.  570 
439,  375 
488,  270 

(3) 

(3) 

P) 

Number 

3  404, 189 

174,  971 

127,280 

109,850 

149,  470 

145,680 

3  341,900 

3  307,  340 

3  272,260 

Number 

(3) 

266,933 
165,490 
213,  450 
226,610 
175,500 

(3) 

(3) 

(3) 

Number 
172,856 
248,336 
144,080 
166,320 
160,  710 
225,950 
270,540 
192,  920 
196.890 

Number 
1,  562,  646 

19182 _       

2,  515.  882 

1919* 

1920* 

1,683,760 
1,  772,  030 

1921  «... 

2, 347,  780 

19242 

19252 

1926  2  6 

3, 506, 920 

4, 171,  720 

7  4, 328, 090 

HBO  -' « 

1  4,  596,  610 

1  Excludes  native  reserves  and  locations. 

«  All  districts. 

'  Grafted  and  seedling  trees  combined. 

*  Principal  fruit-growing  districts  only. 

5  All  districts,  including  urban  areas.* 

0  Trees,  the  produce  of  which  is  grown  for  sale. 

'  Including  grapefruit  trees:  1926,  194,700;  1930,  244,110. 

Union  of  South  Africa  Official  Year  Book  (47,  no.  12,  p.  429) ;  and  Agricultural  Census  1929-30  (46,  repor 
no.  79). 

The  analysis  of  the  issues  of  citrus  nursery  stock  during  the  2 
years,  1931  and  1932,  (table  60)  indicates  that  the  number  of 
trees  issued  from  nurseries  was  a  very  small  percentage  of  the  num- 
ber of  trees  on  farms — scarcely  enough  to  account  for  replacements. 
Orange  trees  issued  from  nurseries  in  relation  to  the  number  of  trees 
on  farms  in  1930  dropped  from  4  percent  in  1931  to  3  percent  in 
1932;  grapefruit  from  6  percent  to  3  percent,  tangerines  from  3 
percent  to  2  percent,  and  lemons  from  4  percent  to  2  percent.  One 
nurseryman  in  the  eastern  Transvaal  recently  stated  that  he  had 
sold  20,000  citrus  trees  at  bargain  prices  and  destroyed  the  remainder 
of  his  citrus  nursery  stock.  There  was  some  interest  in  citrus  plant- 
ing on  new  irrigation  schemes  in  Zululand  and  portions  of  Natal, 
but  enthusiasm  was  dampened  by  reports  of  extensive  planting  in 
Brazil  and  a  realization  that  the  number  of  trees  already  planted 
in  South  Africa  will  produce  increasing  quantities  of  fruit  which 
can  be  marketed  in  England  only  with  greater  difficulty.  Some 
citrus  orchards  on  less  productive  lands  have  been  taken  over  by  the 
land  bank  and  others  have  been  abandoned,  including  a  large  estate 
at  Plaston  consisting  of  50,000  orange  trees.  There  is  a  tendency  to 
concentrate  efforts  on  a  smaller  number  of  trees  and  to  increase 
yields  and  decrease  costs  on  the  propositions  that  hold  greatest 
promise. 

Most  of  the  expansion  of  citrus  exports  has  occurred  since  the 
World  War  and  most  notably  between  1928  and  1930.  Since  that 
lime  total  citrus  exports  have  not  changed  materially,  but  grape- 
fruit exports  have  sprung  into  prominence.  Considering  the  increas- 
ing age  of  the  trees  and  the  very  limited  expansion  of  acreage  at  the 
present  time,  it  is  expected  that  by  1937  the  Union  of  South  Africa 
will  be  exporting  about  3,000,000  boxes  or  about  50  percent  more 
than  at  present  (fig.  53). 

No  reliable  information  is  available  showing  the  total  production 
of  citrus  for  both  domestic  consumption  and  exports.  On  the  basis 
of  information  gathered  by  the  Perishable  Products  Export  Control 
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Board,  domestic  consumption  appears  to  have  been  about  800,000 
boxes  of  commercial  fruit  in  1925  and  1926.  The  South  African 
Department  of  Agriculture  determined  in  1928  that  domestic  sales 
were  about  equal  to  the  exports  of  that  year  (879,861  boxes).  Con- 
sidering increased  per-capita  consumption,  domestic  sales  in  1931 
and  1932  may  be  estimated  to  be  about  1,000,000  boxes.  This  is 
mostly  inferior  fruit  culled  from  the  export  fruit  at  packing  houses 
and  marketed  in  hessian  pockets  (burlap  sacks)  weighing  about  30 
pounds. 

There  are  three  sets  of  export  statistics  to  which  consideration  may 
be  given:  (1)  Exports  of  citrus  fruit  through  Union  ports  as  re- 
ported in  the  Official  Year  Book  of  the  Union  of  South  Africa;  (2) 
citrus  exports  through  Union  ports  and  through  Lourenco  Marques 
as  reported  by  the  Perishable  Products  Exports  Control  Board,  which 
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Figure  53— Exports  of  Citrus  Fruits,  Union  of  South  Africa  1917-33. 


Orange  exports  greatly  exceed  grapefruit  exports.     Production  in  1930-33  was  about 

1,000,000  boxes. 

has  to  do  with  all  fruit  exported  overseas;  (3)  the  annual  statement 
of  the  Department  of  Customs  and  Excise,  covering  only  fruit  from 
the  Union  of  South  Africa,  excluding  exports  to  South-West  Africa, 
Southern  Khodesia,  and  Northern  Rhodesia,  and  excluding  fruit  used 
as  ships'  stores  (table  80).  During  1930,  1931,  and  1932  Rhodesian 
exports  through  Union  ports  amounted  to  156,390,  118,014,  and  86,- 
673  boxes,  respectively,  as  compared  with  the  total  exports  from 
Southern  Ehodesia  amounting  to  164,908,  155,540,  and  151,610  boxes, 
respectively.  Owing  to  the  foot-and-mouth  disease  embargo,  about 
12,000  boxes  in  1931  and  50,000  boxes  in  1932  were  exported  from 
Southern  Rhodesia  through  Beira  instead  of  through  Capetown. 


METHODS    OF    PRODUCTION 


The  citrus  estates  in  the  Union  vary  in  size  from  plots  of  5  acres 
or  less  to  one  extreme  case  of  560,000  trees  under  one  management. 
Most  of  the  large  estates  were  started  with  the  intention  of  selling 
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5-acre  plots  to  new  settlers  or  to  absentee  owners,  but  in  many 
instances  few  plots  were  sold,  few  settlers  took  charge  of  their 
plots,  and  the  estates  came  to  be  operated  as  large  units.  Shortly- 
after  the  World  War  nine  large  estates  were  started,  ranging  in 
extent  from  32,000  trees  to  560,000  trees,  and  representing  about 
one-third  of  the  total  citrus  trees  in  1930.  One  of  these  was  located 
near  Port  Elizabeth,  one  in  Natal  Province,  and  the  others  in 
northern  and  eastern  Transvaal  Province.  Irrigation  facilities  were 
provided  for  each  of  these  developments. 

Tab:le  80. — Citrus   fruit:  Exports   from  the   Union  of  South  Africa,  1921-32, 

and  forecasts  1933-37 


Source  and  year 

Oranges 

Grape- 
fruit 

Tanger- 
ines 

Lemons 

Total 

Actual 

total 

Through  Union  ports: l 

1927 

1,000 

boxes 

869 

835 

1,121 

1,883 

1,620 

1,102 
1,910 
1,621 
1,781 

749 

694 
1,002 
1,762 
1, 675 
1,702 

2,017 
2,290 
2,350 
2,540 
2,735 

1,000 
boxes 
38 
32 
64 
103 
139 

84 
105 
141 
156 

37 
32 
57 
101 
140 
158 

260 
298 
270 
285 
300 

1,000 
half  cases 
34 
12 
17 
19 
23 

9 
10 

17 
19 

53 
23 
30 
21 

17 
17 

19 
14 
20 
20 
20 

1,000 
boxes 

1,000 

boxes 

941 

880 

1,203 

2,010 

1,787 

1,196 
2,030 
1,784 
1,976 

839 
750 
1,093 
1,889 
1,837 
1,897 

7  2, 316 
2,627 
2,660 
2,865 
3,075 

Boxes 
940,594 
879, 861 
1, 202,  585 
2,009,988 
1,  786, 993 

1,  202,  585 

2,009,988 

1, 786, 993 

"  1, 976, 476 

838,703 
749, 880 
1, 092,  907 
1, 888, 975 
1, 837,  385 
1, 896, 929 

1928... -.- 

1 
1 
5 
5 

1 

5 

5 

20 

(s) 
1 
4 
5 
5 
20 

20 
25 
20 
20 
20 

1929 

1930 

1931 

Control  board  figures: i 

1929 

1930 

1931 

1932 

Customs  figures: 3  « 

1927 

1928  .. 

1929... 

1930 

1931 

1932 

Estimates: 6 

1933 

1934 

1935 

1936 

1937 

i  Union  of  South  Africa  Official  Year  Book  (47  no.  12,  p.  J$k  no.  13,  p.  389).  Shipping  tons  of  40  cubic 
feet  converted  to  boxes  by  assuming  35  half  boxes  of  tangerines  per  shipping  ton  and  18  to  17.661  boxes  of 
other  fruit  per  shipping  ton.  Most  of  the  Southern  Rhodesia  exports  passed  through  Union  ports  until 
1932,  when  the  percentage  dropped  to  about  50  percent.  On  the  other  hand,  exports  of  Union  fruit  through 
Lourenco  Marques,  Mozambique,  assumed  importance  in  1931  and  1932. 

2  Including  exports  through  Lourenco  Marques  and  Rhodesian  citrus  exported  through  Union  ports. 

3  Union  fruit  only  excluding  ships  stores  and  exports  to  South- West  Africa  and  the  Rhodesias. 
*  Trade  and  shipping,  Union  of  South  Africa. 

6  Less  than  500  boxes. 

8  Estimates  made  by  agricultural  attached 

7  Drought  reduced  the  1932  crop  and  damaged  the  set  of  fruit  for  the  1933  crop  in  northern  Transvaal  and 
in  Natal. 


The  date  at  which  this  extensive  expansion  occurred  is  significant 
from  the  viewpoint  of  future  production.  The  number  of  trees 
planted  in  certain  years  on  two  estates  in  northern  Transvaal  is  as 
shown  in  table  81. 

The  southwestern  districts  consisting  of  Paarl,  Groot  Draken- 
stein,  Wellington,  and  Somerset  West  are  chiefly  devoted  to  decidu- 
ous fruits,  but  they  have  some  modern  orange,  grapefruit,  and 
tangerine  groves.  The  yield  per  tree  is  high,  and  the  quality  of  the 
fruit  is  good  (fig.  54). 

The  western  districts — Clanwilliam,  Piquetberg,  and  Porterville — 
comprise  one  of  the  oldest  citrus-growing  areas  in  South  Africa. 
The  citrus  groves  are  found  along  the  Oliphants  River  Valley  and 
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in  the  foothills  of  the  Cedarberg  Mountains.  Many  of  these  groves 
consist  only  of  seedling  trees,  and  as  these  farms  are  somewhat 
isolated  and  often  remote  from  the  railway,  they  are  relatively  unim- 
portant for  export  fruit. 

Table  81. — Citrus  fruits:  Number  of  trees  planted  in  1918-28  on  two  estates  in 

the  northern  Transvaal 


Trees  planted 

Year 

Trees  planted 

Year 

Trees  planted 

Year 

Estate 
no.  1 

Estate 
no.  2 

Estate 
no.  1 

Estate 
no.  2 

Estate 
no.  1 

Estate 
no.  2 

1918 

Number 
12,056 
17,504 
18,  002 
52,012 
53,650 

Number 
5,029 

1923 

Number 

113,754 

94,  675 

194,  972 

4,  961 

Number 
39,  185 
64,  957 
60,048 
39,  176 

1927 

Number 

Number 
IK,  959 

1919...- 

1924 

1928 

6, 623 

1920 

1925 

Total— . 

1921 

1926 

561,  486  |  233,  977 

1922 

18                                 20                                 21                                 I*                                 it 
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FIOUBH   "A. — The  pi'incii>:il  areas  are  around   Tort   Elizabeth   and   in   Transvaal   Province. 
Grapefruit  trees  are  confined  l<>  the  1'ort  Elizabeth  and  eastern  Transvaal  aivns. 

The  southern  districts  include  Montagu,  Robertson,  Swellendam, 
and  Mossel  Bay.  Citrus  groves  are  scattered  throughout  this  large 
area,  but  the  total  export  is  less  than  20,000  boxes — about  half  the 
output  of  a  small,  modern  packing  house.  This  precludes  the  possi- 
bility of  deriving  the  benefits  of  large-scale  operation.  Washington 
navels  and  seedlings  predominate,  but  the  production  of  Valencias 
is  increasing. 
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The  northern  district  includes  only  a  few  citrus  groves  along  the 
Orange  River,  chiefly  at  Upington,  Keimoes,  and  Kakamas.  The 
soil  is  ideal  and  the  water  plentiful,  but  low  temperatures  are  often 
experienced  in  the  winter.  The  output  in  1931  was  only  about  7,500 
boxes. 

The  eastern  Cape  district  includes  the  Sunday's  River  Valley  and 
is  one  of  the  largest  citrus-exporting  areas.  It  is  the  most  important 
grapefruit-producing  area  but  also  produces  large  quantities  of 
Washington  navel  and  Valencia  oranges. 

The  Sunday's  River  Valley,  extending  from  Kirkwood  to  the  sea, 
has  many  fine  citrus  groves  of  Washington  navels,  Valencias,  and 
grapefruit.  A  large  Government  irrigation  reservoir,  Lake  Mentz, 
stores  water  for  the  valley.  The  land  was  covered  with  bush,  which 
had  to  be  cleared  at  great  expense.  The  Sunday's  River  Valley  is 
probably  the  most  favored  citrus-producing  area  in  South  Africa. 
The  soil  is  mostly  alluvial  and  rich ;  the  climate  is  dry,  and  the  rain- 
fall low,  resulting  in  the  production  of  good-keeping  navels,  Valen- 
cias, and  grapefruit.  As  long  as  there  is  a  good  supply  of  water 
in  Lake  Mentz  these  climatic  conditions  are  favorable  to  citrus  grow- 
ing. The  packing  house  is  less  than  60  miles  from  Port  Elizabeth, 
which  means  quick  dispatch  of  packed  fruit  to  the  port,  and  low 
railage  charges  on  packed  fruit  to  the  port  and  on  packing  material 
from  the  port.  Citrus  growing  in  the  Sunday's  River  Valley,  there- 
fore, has  a  good  chance  of  being  profitable. 

But  the  Sunday's  River  citrus  area  is  threatened  with  early  ex- 
tinction (some  say  in  20  years)  owing  to  the  rapid  silting  up  of  the 
storage  reservoir,  Lake  Mentz.  There  is  a  possibility  that  this  action 
may  be  overcome  by  improved  engineering  technic,  or  by  tapping 
other  sources  of  water  supply.  A  more  serious  threat  is  the  recent 
appearance  of  alkali  injury  to  trees.  The  water,  after  being  released 
from  the  dam  and  before  being  diverted  into  the  canals,  picks  up 
so  much  seepage  water  along  the  stream  bed  that  its  alkali  content 
is  injuriously  high.  Perhaps  this  will  be  overcome  by  using  only 
a  high-level  canal  which  originates  above  the  seepage  water  for 
conducting  the  irrigation  water  to  the  orchard  laterals. 

The  eastern  district  includes  the  Kat  River  Valley.  The  valley  is 
narrow,  and  suitable  land  is  scarce,  but  the  small  areas  of  alluvial 
soil  are  excellent  for  citrus  growing.  This  is  the  most  important 
Washington  navel-producing  area  in  the  country.  The  climate  is 
dry,  as  in  the  Sunday's  River  Valley,  and  the  quality  of  fruit 
is  excellent  (fig.  55). 

In  Natal  Province  the  Muden  and  Golden  Valley  district  in  the 
Mooi  River  Valley  is  rapidly  becoming  an  important  citrus-produc- 
ing area.  There  are  about  130,000  citrus  trees  around  Muden,  of 
which  one  company  has  about  75,000.  This  company  earned  a  profit 
at  prices  prevailing  during  1930-32  if  interest  on  the  heavy  original 
investment  is  partly  ignored. 

In  northeastern  Transvaal  there  is  an  important  estate  of  ap- 
proximately 234,000  citrus  trees,  of  which  8,500  are  grapefruit  trees 
and  the  remainder  are  half  Valencia  and  half  Washington  navel 
trees.  In  the  same  area  many  excellent  small  groves  also  occur. 
This  area  has  exceptionally  high  rainfall — about  50  inches  per  year — 
nearly  all  of  it  in  the  summer  months,  October  to  March.     Irriga- 
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tion  Avater  is  abundant  and  is  available  at  low  cost.     There  is  no 
need  for  pumping  or  storage  dams. 

In  northern  Transvaal  is  found  an  estate  of  560,000  orange  trees 
(fig.  56) .  This  estate  was  laid  out  in  5-acre  plots,  consisting  of  250 
navel  and  250  Valencia  (or  rarely,  du  Roi)  trees,  some  of  which 
have  been  sold  to  absentee  owners,  but  nearly  all  of  the  estate  is 
operated  as  one  unit.  The  estate  has  almost  6,000  acres  of  excellent 
reddish  brown  sandy  loam  of  good  depth  and  is  admirably  suited  to 
citrus  growing  except  for  scarcity  of  irrigation  water  (fig.  57). 
The  estate  was  formerly  covered  with  dense  bush,  which  was  cleared 
away  at  considerable  expense.     An  elaborate  irrigation  system  was 


Figure  55. — Citrus  proves  in  the  Kat  River  Valley,  eastern  Cape  Province,  occur  in  small 
pockets  of  river-bottom  land.  Many  of  the  trees  are  still  young.  Pumping  plants 
supply  water  when  the  river  is  dry. 

established  consisting  of  3  dams,  80  miles  of  concrete  fluming,  and 
a  large  pumping  plant.  The  3  dams  have  a  capacity  of  1,500,000,000, 
600,000,000,  and  100,000,000  gallons,  respectively,  the  packing  house 
is  said  to  be  the  largest  in  the  world.  The  estate  has  18  miles  of  nar- 
row-gage railway,  and  3  engines  are  kept  busy  during  the  harvesting 
season. 

The  Rustenburg  district  in  western  Transvaal  is  one  of  the  largest 
citrus  districts  in  the  Union.  In  the  past,  seedling  trees  predomi- 
nated, but  more  recently  Washington  navel  and  Valencia  have  been 
planted  in  large  numbers.  Most  of  these  groves  are  irrigated  by 
small  individual  irrigation  systems,  but  the  Oliphant's  Neck  irriga- 
tion system,  completed  a  few  years  ago,  now  serves  a  large  part  of 
this  citrus  area  (fig.  58). 

During  the  1930-31  season  the  Rustenburg  packing  house  exported 
approximately  40,000  boxes  of  citrus  fruit,  packed  from  78,000  lug 
boxes  received  at  the  house.     This  indicates  a  fairly  small  propor- 
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Figure  56. — Valencia  orange  trees  8  years  old  on  a  citrus  estate  in  northern  Transvaal 
Province.  The  trees  are  given  4  or  5  irrigations  each  year,  totaling  12  or  15  acre- 
inches. 


Figure    57. — Orange    tree    defoliated    by    drought,    northern    Transvaal.    September    1932. 
Shortage  of  irrigation  water  is  a  serious  factor  in  this  district. 


fcion  of  culls,  since  the  lug  boxes  contain  approximately  40  pounds 
of  fruit  and  a  packed  case  approximately  TO  pounds. 

One  of  the  oldest  citrus-growing  areas  in  the  Union  is  the  Marico 
district  extending  from  Zwartruggens  to  Zeerust  with  Groot  Marico 
about  in  the  center.     The  majority  of  the  plantings  are  seedlings. 

9(5385)°— 35 13 


194     TECHNICAL   BULLETIN    4  6  6,    U.    S.    DEPT.    OF    AGRICULTURE 

This  is  rather  a  backward  area  and  most  of  the  groves  are  rather 
small.  The  growers  have  not  adopted  up-to-date  methods  of  citrus 
growing,  but  as  a  result  of  the  rigid  Government  inspection  at  inland 
points  they  have  learned  to  pack  well,  although  their  packing  houses 
are  crude.  In  1931  there  was  not  a  modern  packing  house  in  the 
whole  area. 

Citrus  production  in  the  northern  Transvaal  is  particularly  sensi- 
tive to  rainfall  during  September  and  October  when  the  new  crop  is 
setting.  There  is  normally  little  rainfall  between  May  and  Septem- 
ber and,  since  irrigation  water  is  limited,  the  trees  suffer  if  the  com- 
ing of  the  summer  rains  in  September  or  October  is  delayed.     This 


Figure  58. — Citrus   grove 


near   Pretoria,   Tran.svaal    Provinct 
with  increasing  age  of  the  trees. 


Production   will   increase 


is  in  contrast  to  the  situation  in  the  Clanwilliam  and  Piquetburg  area 
which  lies  in  the  winter-rainfall  belt,  where  the  months  just  preceding 
September  usually  have  enough  rain  so  that  the  trees  are  well  sup- 
plied with  moisture,  even  though  the  spring  months  of  September 
and  October  may  be  unusually  dry.  The  important  citrus  areas 
near  Port  Elizabeth  and  East  London  also  have  abundant  rainfall 
during  the  critical  months  of  September  and  October  (table  82). 

Throughout  the  Union  yields,  generally  speaking,  are  pitifully 
low.  The  low  yields  are  caused  largely  by  deficient  rainfall  and 
irrigation  water;  partly  by  inferior  soils  in  some  areas;  partly  by 
the  prevalence  of  red  scale,  thrip,  fruit  fly,  false  codling  moth,  and 
hail  damage ;  and  in  many  instances,  by  inadequate  cultural  practices 
(table  83). 

During  the  1930  season  decay  was  prevalent  in  oranges,  particu- 
larly in  Washington  navel.  Investigations  at  Zebediela  indicated 
that  insects  and  mechanical  injury  caused  the  beginning  of  most  of 
the  decay.  Wasty  oranges  found  in  the  packing  house  were  usually 
among  the  bottom-layer  oranges  in  lug  boxes.  The  practice  is  to 
allow  2  days  for  the  oranges  in  lug  boxes  to  reach  the  wilting  room 
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Table  82. — Citrus  fruit:  Seasonal  operations  and  rainfall,  normal  and  actual, 
in  important  districts,  1932 


Rainfall 

Seasonal  operations 

Transvaal 

Natal 

Cape 

Month 

Rusten- 
burg 

Pieters- 
burg 

Barberton 

Weenen 

Uitenhage 

Montagu 

Na- 
vels 

Va- 
len- 
cias 

Seed- 
lings 

Grape- 
fruit 

Nor- 
mal 

1932 

Nor- 
mal 

1932 

Nor- 
mal 

1932 

Nor- 
mal 

1932 

Nor- 
mal 

1932 

Nor- 
mal 

1932 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

'  -p - 

P 

P 
BP 

B 

BP 
BP 
BP 

— p" 

P 
B 
B 

------ 

P 

BP 
B 

7ns. 

5.02 

4.24 

4.20 

.98 

.72 

.11 

.33 

.51 

.69 

2.45 

3.69 

4.20 

7ns. 
2.21 
4.15 
2.00 
1.12 
.17 
0 
0 

.04 
.07 
.67 
1.22 
4.20 

Ins. 

4.18 

3.08 

2.88 

.86 

.45 

.05 

.19 

.27 

.38 

1.99 

3.26 

4.05 

Ins. 
1.40 
1.63 
2.32 
2.61 
1.00 
0 
0 
0 
0 
.88 
1.45 
5.00 

Ins. 

6.29 

4.23 

4.16 

1.80 

.95 

.25 

.26 

.53 

1.09 

2.46 

4.93 

4.75 

Ins. 

1.51 

5.54 

1.56 

1.64 

1.19 

.28 

0 

.02 

.25 

2.31 

4.17 

5.04 

Ins. 

5.26 

4.24 

3.00 

1.59 

.54 

.19 

.19 

.75 

1.15 

2.40 

3.80 

3.82 

7ns. 
3.98 
5.55 
2.89 
.21 
1.36 
0 
0 
0 

1.40 
1.73 
3.49 
3.90 

7ns. 
1.20 
1.81 
2.01 
1.74 
1.26 
.67 
.85 
1.08 
1.91 
1.82 
1.51 
1.71 

7ns. 

2.12 

.42 

3.15 

.20 

.90 

.44 

2.12 

1.00 

8.68 

2.03 

4.40 

.87 

7ns. 

0.57 

.60 

.83 

1.15 

1.64 

1.52 

1.52 

1.46 

1.24 

.96 

.86 

.55 

7ns. 

0.04 
.74 
.10 
.20 
.82 

1.92 

1.43 
.06 

5.71 
.53 
.67 
.10 

Total . 

—  - 







27.14 

15.85 

21.64 

16.  29   31.  70 

23.51 

26.93 

24.51 

17.57 

26.33 

12.90 

12.32 

B  =  Blooming. 


P  =  Picking. 


Table 


-Oranges  and  grapefruit:  Bearing  trees  and  exports,  important  dis- 
tricts in  the  Union  of  South  Africa,  1930 


District 


Western  Transvaal:  Rusten- 

burg,  etc. 

Northern  Transvaal: 

Nylstroom. 

Zebediela 

Louis  Trichardt 

Northeast  Transvaal:  Letaba 
Eastern   Transvaal:  White 

River,  etc 

Eastern  Natal: 

Durban-Maritzburg 

Golden  Valley 

Southwestern  Cape 

Western  Cape 

Southern  Cape 

Orange  River 

Karoo 

Eastern  Cape 

Total 


Oranges 


Bearing 


Number 
J  466, 040 

5  20,630 
«589,290 

5  26,  330 
5  289,  910 

s  598,  680 

»57,650 

5  103,  590 

i  42,  190 

8  172, 010 

?  85,  890 

«27,890 

8  95,  010 

7  541,900 


3, 117,  010 


Exports,  1930 


Total 


Tons  3 
18,409 


21,085 

316 

4,714 

14,  553 

259 

9.931 

700 

654 

1,092 

454 

97 

24.  668 


97, 170 


Boxes  * 
331, 362 

4,284 

379,  530 

5,688 

84,  852 

261,  954 

4,662 

178,  758 

12,600 

11,  772 

19,  656 

8,172 

1,746 

444,  024 


1,  749,  060 


Per 

tree 


Boxes 
0.71 


21 


44 


.08 
«1.73 
.30 
.07 
.23 
.29 
.02 


56 


Percent- 
age of 
1926  pro- 
duction 
export- 
ed 2 


Percent 
45 

10 
62 
15 
3 


60 


Grapefruit 


Bearing 
trees, 
1930  1 


Number 
2,110 

190 
1,240 

130 
7,830 

40,590 

760 

1,430 

2,490 
18,920 

9,600 
70 

2,590 
57,  430 


•30    145,380 


Exports,  1930 


Total 


Tons  3 
81 


32 


1,637 

5 
170 
425 
64 
58 
1 


2,959 


5,498 


Boxes  * 
1,458 


576 


29,466 

90 
3,060 
7,650 
1,152 
1,044 

18 


53,  262 


98,964 


Per 

tree 


Boxes 
0.69 


4.43 
.15 

.73 

.12 
2.14 
3.07 
.06 
.11 
.26 


1  Commercial  only.    Agricultural  census  1929-30  (46). 

2  Percentage  exported  in  1930,  although  unknown,  would  be  different.    Yield  per  tree  cannot  be  accur- 
ately gaged  by  reference  to  previous  column. 

3  Shipping  tons  of  40  cubic  feet.    South  African  Department  of  Agriculture,  Bulletin  100  (44). 
4 18  boxes  per  shipping  ton. 

8  Half  or  nearly  half  navels;  remainder  mostly  Valencias  (or  seedlings  in  western  Transvaal,  du  Roi  in 
Golden  Valley). 

6  Obviously  above  the  true  average. 

7  Mostly  navels. 

8  Mostly  seedlings. 

8  About  65  percent  of  total  production  was  exported  in  1930. 
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from  the  groves  and  to  allow  5  days  in  the  wilting  room.  The  lug 
boxes  were  customarily  treated  with  potassium  permanganate  solu- 
tion, but  this  has  been  replaced  by  a  disinfectant  of  borax  solution 
because  of  its  more  persistent  antiseptic  action.  Wasty  fruits  de- 
velop much  more  rapidly  among  culls  than  among  the  fruit  from 
which  the  culls  wrere  removed.  The  chief  causes  for  culls  wrere 
coarseness,  suspected  insect  injury  (such  as  oleocellosis  markings 
that  might  be  fly  stings) ,  color,  hail  marks,  and  scale.  Obviously  culls 
Avere  left  on  the  trees,  but  in  the  test  lots  32  percent  of  the  fruit 
in  the  lug  boxes  was  culled,  and  considerably  more  than  this  per- 
centage was  culled  in  the  ordinary  packing  operations. 

The  percentage  of  wrasty  fruits  after  handling,  packing,  trans- 
porting, and  storage,  averaged  4  percent  for  the  lots  handled  by 
the  Government  officials  and  8  percent  among  the  lots  drawn  from 
the  regular  output  in  the  Zebediela  packing  house.  These  results 
indicate  that  the  scientific  methods  already  in  use  among  South 
African  citrus  growers  and  shippers  will  be  still  further  improved  in 
an  effort  to  meet,  in  England,  the  competition  of  the  best  fruit  that 
reaches  those  markets. 

Ethylene  gassing  is  being  profitably  introduced  in  those  cases 
where  the  greener  fruit  is  past  its  prime  by  the  time  it  is  well  colored 
on  the  tree.  It  also  lightens  the  peak  load  in  the  packing  house  by 
starting  the  season  earlier. 

Most  of  the  oranges  are  packed  in  central  packing  houses,  co- 
operatively owned  and  operated.  The  equipment  is  modern,  and 
the  pack  produced  is  commendable.  Every  consignment  of  fruit 
must  be  inspected  by  Government  inspectors  and  must  pass  minimum 
specifications  as  to  quality  and  packing.  The  standard  California 
orange  box  is  used  except  for  tangerines,  which  are  exported  in 
half  boxes. 

Most  of  the  Washington  navels  are  packed  126,  150,  or  176  per 
box  and  the  Valencias  150,  176,  or  200  per  box.  Oranges  so  large 
as  to  pack  only  96  per  box  are  exported  only  when  price  conditions 
are  favorable.  Very  few  Washington  navels  smaller  than  216  and 
very  few  Valencias  smaller  than  252  are  exported.  Grapefruit 
usually  vary  from  54  to  126  per  box  (tables  84  and  85). 

Table  84. — Citrus  fruit:  Quantity  by  district  or  origin,  handled  by  the  coop- 
erative exchange,  1981-32 


Cape  Province 

Transvaal  Province 

Natal 

Variety 

Eastern 

Western 

Western 

Northern 

Eastern 

Province 

1931 

1932 

1931 

1932 

1931 

1932 

1931 

1932 

1931 

1932 

1931 

1932 

1931 

1932 

Washington 

navel— 

Valencia 

du  Roi 

1,000 

boxes 

163 

57 

1,000 

boxes 

204 

89 

1,000 

boxes 

14 

4 

1,000 

boxes 

9 

2 

1,000 

boxes 

23 

11 

1,000 

boxes 

21 

14 

1,000 

boxes 

158 

325 

1,000 

boxes 

162 

270 

4 

54 

0) 

1,000 

boxes 

44 

66 

..... 

20 

1.000 

boxes 

34 

108 

0) 

5 

25 

1,000 

boxes 

45 

55 

..... 

1,000 

boxes 

21 

76 

1 
1 

1,000 

boxes 

447 

518 

""if 

88 

1,000 

boxes 

451 

559 

5 

Seedling* 

Grapefruit 

3 

56 

29 

50 

4 

8 

2 

7 

24 
1 

44 
(0 

9 
1 

135 
82 

1  Less  than  one-half. 

1  du  Rois  combined  with  seedlings  in  1931. 
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Table  85. — Citrus  fruit:  Sizes  by  district  Of  origin, 

exchange,  19 3 ISA 


handled  by  the  cooperative 


\  ariety  and 
count  per 

Cape  Province 

Transvaal  Province 

Natal 

Eastern 

Western 

Wrestern 

Northern 

Eastern 

Province 

1931 

1932 

1931 

1932 

1931 

Per- 
cent 
1 

4 

34 

27 

15 

6 

1 
3 

1 
1 

0) 

1932 

1931 

1932 

1931 

1932 

1931 

1932 

1931 

1932 

Washington 
navel: 

64-80 

96 

112 

126 

150 

176 

200 

216 

226 

252 

288 

324-360.... 

Valencia: 

80 

Per- 
cent 

1 
S 
8 
IS 
24 

iy 

10 
8 

(') 
5 
2 

(') 

« 

1 

Per- 
cent 
2 
9 
11 

22 
14 

y 

5 

(0 
3 

1 
1 

0) 

1 

Per- 
cent 
0) 

(') 

1 

10 
16 
17 
16 
18 
(') 
13 
7 
2 

Per- 
cent 

(') 
2 
6 
17 
19 
18 
12 
15 

3 

Per- 
cent 
0) 
6 
8 
21 

iy 

16 
10 
2 
7 
5 
4 
2 

Per- 
cent 
0) 
8 
15 
23 
26 
14 
8 
(0 
4 
2 

0) 
0) 

Per- 
cent 
0) 
11 
15 
23 
22 
13 
7 
0) 
5 
3 
1 
0) 

Per- 
cent 
0) 
2 
7 
25 
27 
16 
12 
3 
2 
5 
1 
(') 

Per- 
cent 

...... 

2 
12 
23 
21 
16 
4 
8 
7 
4 
2 

Per- 
cent 
0) 
5 
8 
18 
23 
16 
10 
6 
4 
6 
3 
1 

Per- 
cent 
7 
18 
17 
23 
16 
9 
5 
2 
1 
1 

0) 
1 

Per- 
cent 
(0 
5 

10 
21 
25 
16 
10 

2 

4 
2 
(') 

0) 

2 

(') 

1 

8 

18 

23 

16 

5 

10 

10 

4 

2 

(0 

1 

(0 

Per- 
cent 
1 

15 
11 
21 
20 
13 
8 
3 
3 
3 
1 
1 

(') 

0) 

96 

(') 

1 

(') 

(>) 

(') 

(0 

i 

3 

10 
16 
12 
16 

6 
18 
10 

5 
(') 

3 

■-(f)" 

3 
9 
15 
16 
12 
13 
13 
11 
5 
2 
1 
(') 

100 

112 

126 

150 

176 

200 

216 

226. 

252 

288 

324 

344.. 

360 

420-490...- 

2 

11 
19 
18 
14 
16 

0) 
11 
6 
2 

(0 

(0 

1 

6 

14 

24 

8 

22 

4 

11 

5 

2 

1 

1 

0) 

(') 
2 
6 
11 
12 
26 
1 
27 
12 
3 
(') 
(') 

7 
15 
15 
16 
16 

1 
20 

8 

1 

20 

23 

21 

2 

14 

11 

5 

3 

0) 

(0 

1 

1 

5 

9 

16 

2 

13 

20 

14 

10 

(') 

6 

2 

3 

8 
19 
25 
17 
1 
14 
8 
3 
2 

8 

0) 

5 

10 

15 

22 

(') 
14 
18 
8 
5 

0) 

3 

0) 

9 
19 
23 
16 
9 
7 
10 
5 
2 
0) 

(') 

(0 

0) 

3 
13 
18 
19 

4 
14 
16 

8 

3 

(0 

2 

(') 

1 

3 
11 
17 
18 

6 
12 
16 

8 

4 

3 

1 

du  Roi:  * 

96 

0) 

1 

6 
20 
16 
20 
3 
6 
15 
6 
4 

0) 
0) 

4 

112 

126 

5 
19 

18 

0) 
2 
7 

15 
14 
12 
26 
19 
2 
2 
1 

(0 
(0 
0) 

7 
15 
21 
16 
11 

6 
12 

7 

4 
(0 

1 
(') 

150 

15 

176 ... 

15 

200 

20 

216 

5 

226 

18 
20 
12 
3 

8 
18 
10 

252 

288 

324 

3 

344 

0) 

2 

360 

3 

5 

Seedling: 

80 

2 

7 
9 
17 
19 
15 
11 

(') 
6 
3 
2 

0) 

1 

0) 

(') 
(') 

5 
14 
23 
18 

8 
11 
6 
2 

(0 

1 

(') 
1 
1 
4 
10 
16 
16 

10 
15 
9 
5 
0) 
2 

0) 

0) 

5 

96 

..... 

5 
9 
14 

4 

22 

13 

14 

0) 

3 

0) 

2 
5 
12 

17 
17 
14 

3 

11 
6 
2 

(') 

0) 

l 

2 
13 
23 
27 
16 

8 
6 
2 

(') 

7 

7 

17 
17 
16 

"16" 

7 
4 
1 

0) 
0) 

25 
22 
12 

5 
6 
3 

0) 

0) 
(0 

4 
10 
19 

16 
21 
12 
8 

0) 

112 

5 

126 

(0 

0) 
4 
5 

(') 
26 
21 
14 
2 
9 

10 

150 

176 

200 

216 

226 

252... 

288 

324 

344 

1 

4 
11 
26 

1 
37 
18 

1 

0) 
1 

15 
16 
15 
6 
8 
10 
6 
3 

0) 
1 

360 

0) 

1 

1 

420-442— 

0) 

0) 

0) 
0) 

Grapefruit: 
28 

----- 

2 

13 

18 

13 

27 

14 

1 

6 

4 

1 

(') 
w 

3 
16 
26 
15 
3 

22 
1 
7 
5 
2 

36 

0) 

0) 

1 

3 
3 
10 
23 

(') 

1 

4 
4 
9 
14 
22 

0) 

1 

2 
6 
7 
15 
23 

(') 

2 

9 

13 

11 

22 

17 

(0 

12 

10 

4 

46 

0) 
3 
5 
8 
15 
26 

1 

5 

6 

18 

22 

23 

9 

26 

28 

19 

9 

5 

0) 
1 

2 
3 

11 
22 

54 

10 

64 

— ... 
11 

1 

3 
6 
22 

18 
12 

8 
23 

1 

70 

80  ... 

96 

100 

112 

126 

150 

33 
21 

6 

27 
12 

4 

31 
39 
13 

14 
33 

21 

15 

7 
3 

2 

1 
1 

19 
19 

8 

20 
18 
8 

24 
23 
14 

12 
10 
4 

1  Less  than  one  half. 

3  du  Rois  combined  with  seedlings  in  1931. 

Fruit  Growers'  Cooperative  Exchange  of  South  Africa,  Ltd.,  annual  reports,  1931-32  (0). 
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COSTS     OF     PRODUCTION    AND     MARKETING 

The  future  expansion  of  citrus  acreage  will  depend  upon  compara- 
tive costs  of  production  and  their  relation  to  normal  selling  prices. 
The  Union  of  South  Africa  has  the  advantage  of  cheaper  land  and 
labor,  but  has  the  disadvantage  of  low  yields  and  high  transportation 
costs  to  overseas  markets.  The  advantages  seem  greatest  and  the 
disadvantages  least  with  respect  to  those  citrus  areas  that  are  close 
to  the  eastern  coast.  The  orange  areas  in  Transvaal  Province  and 
in  Southern  Rhodesia  are  at  a  comparative  disadvantage.  Trans- 
portation by  rail  from  Southern  Rhodesia  points  to  Capetown  is 
1  shilling  11  pence  .(47  cents  at  par)  per  box,  but  the  cost  of  trans- 
porting packing  material  from  Beira  to  citrus  areas  in  Southern 
Rhodesia  is  less  than  such  costs  to  Transvaal  points.  Otherwise  the 
cost  of  picking,  packing,  shipping,  and  selling  a  box  of  oranges  in 
London  is  much  the  same  in  Southern  Rhodesia  as  in  the  Trans- 
vaal. Wages  to  native  labor  in  Southern  Rhodesia  are  much  less 
than  in  Transvaal  and  the  Cape  and  yields  are  higher.  In  Natal  and 
Southern  Rhodesia  native  packers  are  employed;  in  the  Transvaal 
mostly  white  packers  are  employed,  and  in  the  Cape  some  houses 
employ  white  girls  and  others  employ  Cape  colored  packers. 

The  cost  of  picking,  packing,  shipping,  and  selling  a  box  of 
oranges  in  the  United  Kingdom  or  on  the  Continent  varies  consider- 
ably. These  charges  amount  to  11  to  12  shillings  ($2.68  to  $2.92 
at  par)  per  box  for  fruit  shipped  from  Transvaal  Province  or  from 
Southern  Rhodesia;  they  amount  to  9  to  10  shillings  ($2.19  to  $2.43 
at  par)  per  box  for  fruit  from  eastern  Cape  Province.  If  3  shillings 
(73  cents)  is  included  for  the  cost  of  production  up  to  picking,  the 
total  cost  is  approximately  14  shillings  ($3.41  at  par)  per  box  in 
London.  Table  86  presents  fragmentary  evidence  showing  in  general 
the  composition  of  these  aggregate  costs  of  producing  and  marketing 
South  African  oranges.  Since  extreme  items  would  not  be  likely  to 
occur  coincidentally,  the  probable  range  in  cost  for  oranges  lies 
between  $3  to  $4  per  box  delivered  to  the  jobber  in  London.  In  1931 
many  sales  were  at  prices  below  these  costs,  but  the  losses  were  much 
less  than  those  suffered  by  producers  of  most  other  agricultural 
products. 

The  comparative  cost  of  producing  oranges  in  the  Union  of  South 
Africa,  Brazil,  Palestine,  and  California,  is  difficult  to  ascertain  be- 
cause of  differences  in  methods  of  computation.  Table  87  presents 
such  evidence  as  is  available.  It  shows  that  costs  per  acre  are  con- 
siderably less  in  the  Union  of  South  Africa  than  elsewhere.  This 
advantage  is  at  least  partly  offset  by  lower  yields  per  acre. 

The  net  returns  obtained  on  a  successful  estate  near  Port  Eliza- 
beth, and  on  a  large  estate  in  Transvaal,  are  presented  in  tables  88 
and  89.  These  figures  may  not  be  absolutely  typical  but  they  are 
valuable  for  comparative  purposes.  The  figures  from  Port  Eliza- 
beth include  that  part  of  the  consolidated  packing  cost  which  was 
credited  to  the  grower's  share  of  capital  in  the  association  called  the 
Sunday's  River  Citrus  Cooperative. 

PRICES 

Overseas  prices  for  South  African  citrus  fruits  during  1932  were 
higher  than  the  year  before,  especially  during  the  first  part  of  the 
season,   at   which  time  Washington   navels   predominate.     Net   re- 
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turns  in  the  Union  of  South  Africa  were  not  correspondingly  higher 
for  the  reason  that  while  the  same  subsidy  of  2  shillings  (49  cents 
at  par)  per  case  was  paid  in  both  years,  the  loss  on  foreign  exchange 
was  much  heavier  in  1932  (table  90).  A  large  part  of  the  1931 
returns  reached  South  Africa  before  England  abandoned  the  gold 
standard.  From  May  to  August,  which  is  the  navel-orange  season, 
the  average  for  1931  was  15  shillings  6  pence  ($3.77)  per  case  as 
compared  with  19  shillings  9  pence  ($4.80)  per  case  in  1932,  after 
allowing  for  both  subsidy  and  exchange  loss.  During  the  Valencia 
season  after  the  end  of  August,  the  average  price  in  1931  was  15 
shillings  2  pence  ($3.69)  as  compared  with  13  shillings  2  pence 
($3.20)  in  1932  after  allowing  for  exchange  and  subsidy.  The  de- 
cided advantage  enjoyed  by  early-season  oranges,  navels,  is  a  new 
factor  in  the  situation  and  may  revive  the  lagging  interest  in  the 
navel  variety  despite  its  low  yields  in  nearly  every  South  African 
producing  area  except  the  eastern  Cape  Province. 

Table  86. — Oranges:  Cost  per  box,  from  two  sources  of  information,  Union  of 

South  Africa,  1932 


Item 


Source  of  information 


Source  A  i 


Shillings 

Growing  charges 3      to   4 

Picking  and  transportation 0.25  to   0.25 

Packing  charges 2       to   4 

Inland  railage .  25  to     .50 

South  African  charges  (dock  insurance,  inspection,  levy 

etc.) -- 

Overseas  charges  (freight,  dock  handling,  commission  at  5 

percent,  etc) 


Total. 


to   2 


to   6 


11.  5  to  16.  75 


Dollars  * 

0.  73  to  0.  97 
.06  to  .06 
.49  to  .97 
.06  to    .12 

.24  to    .49 

1.  22  to  1.  46 


Source  B,  Trans- 
vaal 


2. 80  to  4.  07 


Shillings 
(3) 
(4) 
3.21 
(<) 

1 

5.79 


Dollars* 
(*) 
(<)    • 
«0.78 
(*) 

6.24 

"  1.41 


i  H.  Clark  Powell,  University  of  Pretoria. 

2  Conversions  at  par. 

3  Not  included  in  estimates. 

*  Included  with  packing  charges. 

5  Of  which,  box,  31  cents;  strapping,  paper,  and  nails,  18  cents;  railage  on  box  shooks  up  country,  10  cents. 

6  Of  which,  cold  storage,  7  cents;  wharf  and  harbor  dues,  8  cents;  inspection,  2  cents;  levy,  7  cents. 

7  Of  which,  ocean  refrigerator  freight,  92  cents;  overseas  handling  charges,  24  cents;  commission,  24  cents. 

Table   87. — Oranges:  Cost   of  production   per   acre,    compared    internationally 


Item 

Union  of 
South 
Africa, 
1926  1 

Brazil, 
1929  2 

California  3 

Palestine, 

1929 

1930 

1927  * 

Yield  per  acre boxes.. 

135 

19.41 

"  75. 13 

"  136.  28 

185.  46 

*187 

90.32 

8  105.  94 

s  128.  61 

105.28 

253 

151                400 

Total  cost  of  production do.6 

Total  cost  of  production,  including  interest — do.6 — 
Net  return do.6 

»  315.  91 

'  298.  37 

8  543.  40 
6  665.  06 

243.  31 

>  Union  of  South  Africa  Department  of  Agriculture  Bulletin  62  (49)  ■    Eleven  groups  roughly  weighted. 

2  Report,  Vice  Consul  Lee,  July  22,  1931. 

3  California  Citrus  League  annual  report  (/). 
*  Government  of  Palestine  Leaflet  9  (27). 

8  On  the  basis  of  200  oranges  per  case. 

6  Conversions  at  par. 

7  Including  picking  and  hauling  but  not  packing.    Picking  (California,  1930)  cost  12.1  cents  per  box  and 
packing  56.7  cents. 

s  Including  packing. 
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Table  88. — Citrus  fruit:  Prices  netted  per  lug  box  on  the  tree,  1  farm,  Union 
of  South  Africa,  1927-31 


Year 

Grapefruit 

Navels 

Valencias 

1927 -  -- 

Pence 

36^ 
51»4 
2514 

Dollars* 
1.11 
.74 
.75 
1.05 
.51 

Pence 

59M 
56 
2  29K> 
46K 
361/. 

Dollars  1 
1.21 
1.13 
.60 
.94 
.74 

Pence 

48 

40M 

52 

»27M 

Dollars  1 
0  64 

1928     . 

97 

1929   . 

83 

1930 

1931 

1.05 
56 

1  Conversions  at  par. 
H.  Clark  Powell,  University  of  Pretoria. 


2  Poor  fruit  running  large  sizes. 


Table 


. — Oranges:    Returns   per    box   obtained    by   a    grower   in-   Transvaal 
Province,  1927-29 


Variety  and  year 

Gross  returns 

Charges 

Net 

Washington  navels: 

1927 

s.     d. 
14      1 
21      9 
13      4 

21     10 
20    11 

17      0 

Dollars  * 
3.43 
5.29 
3.24 

5.31 
5.09 
4.14 

s. 
12 
12 
11 

12 
11 
11 

d. 
6 
1 
2 

11 
3 
11 

Dollars l 
3.04 
2.94 
2.72 

3.14 
2.74 
2.90 

s. 
1 
9 
2 

8 
9 
5 

d. 
7 
8 

2 

11 

8 

1 

Dollars  • 
0.39 

1928                 

2.35 

1929                     

.53 

Valencias: 

1927     

2.17 

1928  

2.35 

1929                   * - 

1.24 

1  Conversions  at  par. 

South  African  citrus  producers  look  upon  Brazil  as  a  more  serious 
competitor  than  California,  because  Brazil  is  now  the  chief  supplier 
of  summer  oranges,  and  because  it  is  claimed  that  Brazilian  oranges 
can  be  sold  at  a  profit  at  14  shillings  ($3.41  at  par)  per  box,  includ- 
ing 3  shillings  6  pence  duty,  2  shillings  6  pence  freight,  and  1  shilling 
6  pence  (85,  61,  and  37  cents,  respectively)  for  costs  in  the  United 
Kingdom. 

It  is  pointed  out  that  Brazil's  citrus  exports  to  Great  Britain  dur- 
ing 1931  totaled  1,700,000  boxes  of  oranges  and  57,000  boxes  of  tan- 
gerines. The  previous  record  for  Brazil  was  approximately  500,000 
boxes.  Eeceipts  from  Brazil  in  1931  not  only  exceeded  the  previous 
record  of  that  country,  but  also  exceeded  receipts  from  the  Union 
of  South  Africa  and  Southern  Rhodesia. 

The  fall  in  prices  in  1931  as  compared  with  those  during  the  1930 
season  wTas  more  pronounced  for  the  smaller  than  for  the  larger  sizes. 
According  to  the  Empire  Marketing  Board  the  average  price  for  the 
1931  season  was  about  2  shillings  6  pence  (61  cents)  per  box  below 
that  of  the  preceding  season.  Except  from  August  to  the  end  of 
September  the  prices  seem  to  have  been  even  lower  than  in  1929. 
Prices  at  the  end  of  the  season  dropped  from  15  shillings  ($3.65)  to 
5  or  6  shillings  ($1.22  or  $1.46)  per  box. 

South  African  early  citrus  in  1932  brought  more  than  it  did  in 
1931.  This  is  attributed  to  several  factors :  Reduced  supplies,  better 
quality,  hot  weather,  and  less  competition  from  strawberries. 

South  African  citrus  growers  usually  expect  a  rise  in  prices  in  Lon- 
don during  September,  but  in  1932  prices  fell  considerably.  Toward 
the  end  of  September,  South  African  Washington  navel  oranges 
were  selling  in  London  at  10  to  14  shillings  ($2.43  to  $3.41  at  par) 
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per  case,  seedlings  10  to  12  shillings  ($2.43  to  $2.92)  and  Valencias 
12  to  13  shillings  ($2.92  to  $3.16).  These  prices  were  only  slightly 
more  than  the  cost  of  marketing,  and  the  high  average  obtained  dur- 
ing the  first  half  of  the  season  was  correspondingly  lowered. 


TABLE  90. 


-Oranges  and  grapefruit:  Price  per  box  received  by  the  South  African 
Cooperative  Citrus  Exchange,  1930-32 


1930 

1931 

1932 

Quan- 
tity 
sold 

Price 

Quan- 
tity 
sold 

Price 

Quan- 
tity 
sold 

Price 

Fruit  and  month 

Gross 

Net 
f.o.  b. 
South 
African 

port 

Gross 

Net 
f.  o.  b. 
South 
African 

port 

Gross 

Net 
f.  o.  b. 
South 
African 

port 

Oranges: 

1,000 
boxes 

Dollars 

Dollars 

1,000 
boxes 

Dollars 

Dollars 

1,000 

boxes 

0) 

66 

175 

238 

162 

236 

393 

Dollars 
3.81 
4.30 
4.91 
4.52 
.4.01 
3.08 
3.43 
(2) 

Dollars 
2.57 

34 
112 
266 
223 
201 
230 

3.67 
3.47 
3.43 
4  36 
3.97 
4.62 
4.82 

2.53 
2.15 
2.13 
3.00 
2.57 
3.18 
3.20 

48 
137 
277 
159 
231 
213 

3.02 
2.80 
3.04 
3.61 
3.53 
4.16 
3.73 

1.68 
1.52 
1.78 
2.27 
2.19 
2.65 
2.23 

3.02 

July 

3.59 

3.22 

2.70 

1.86 

November 

2.15 
(2) 

Average  4._ 

1,066 

4.03 

2.59 

1,066 

3.45 

2.11 

1,270 

3  3.89 

3  2.61 

Grapefruit: 

1 
5 

23 
22 
15 
34 
13 

5.80 
5.98 
3.59 
4.50 
6.55 
3.59 
2.80 
(2) 

4.40 

2 
9 
15 
39 
9 
(0 

6.90 
4.72 
3.  89 
4.16 
4.18 
4.14 

5.49 
3.34 
2.51 
2.96 
2.  SO 
2.88 

12 
10 
28 
20 
18 
13 

3.30 

2.88 
2.35 
3.18 
3.36 
3.51 

2.01 
1.62 
1.13 
1.90 
2.09 
2.19 

4.56 

July 

August 

September 

October 

2.31 
3.26 
5.19 
2.39 
1.52 

(2) 

Average  '.. 

74 

4.24 

2.92 

101 

3.02 

1.76 

113 

M.20 

3  2.94 

1  Less  than  500  boxes. 

2  Insignificant  quantity— prices  not  known,  but  higher  than  in  November. 

3  Preliminary. 

<  Weighted  average  for  season. 

Conversions  at  par. 

METHODS  OF  MARKETING 

Under  the  present  system  of  citrus-fruit  production,  the  entire 
crop  is  marketed  between  the  first  of  May  and  the  last  of  November, 
with  peak  shipments  occurring  in  the  months  of  June  to  September 
(fig.  59).  Chambers  have  been  installed  at  several  packing  houses 
for  treating  fruit  with  ethylene  gas.  It  is  hoped  in  this  way  to  ob- 
tain Washington  navel  oranges  of  sufficient  juice  and  sugar  content, 
and  artificially  colored,  for  shipment  as  early  as  March.  These  ex- 
tra-early oranges  would  not  necessarily  be  exported  since  the  local 
markets  are  almost  bare  of  oranges  at  that  season. 

It  is  also  suggested  that  the  season  be  lengthened  at  the  other  end 
by  allowing  out-of -season  fruit  to  remain  on  the  trees  for  picking 
during  November  and  December  in  the  case  of  Washington  navels, 
and  December  and  January  in  the  case  of  Valencias.  However,  this 
is  contrary  to  accepted  methods  of  controlling  fruit  fly  and  false 
codling  moth. 
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A  rapid  increase  in  the  local  consumption  of  oranges  was  revealed 
by  the  1927  citrus  census.  This  report  showed  that  in  1924"  there 
were  658,146  boxes  of  oranges  and  3,530  boxes  of  grapefruit  sold  lo- 
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FIGURE    59.— WEEKLY     SHIPMENTS     OF    CITRUS    FRUITS    FROM    THE     UNION    OF 

SOUTH  AFRICA. 

The  principal  citrus-fruit  movement  is  from  July  to  October  in  competition  with  summer 

oranges  from  California. 

cally,  while  in  1925  there  were  875,552  boxes  of  oranges  and  4,108 
boxes  of  grapefruit  and  in  1926,  1,202,998  boxes  of  oranges  and  55,862 
boxes  of  grapefruit  sold  locally. 
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The  importance  of  local  markets  to  citrus  producers  in  South  Af- 
rica is  indicated  by  the  fact  that  the  Western  Province  Citrus  Ex- 
change established  at  Paarl  in  1930,  sells  practically  all  of  its  fruit 
on  the  local  markets. 

A  considerable  number  of  local  citrus-fruit  marketing  associations 
have  been  organized  since  1920.  These  local  associations  federated  in 
1926  to  form  the  South  African  Cooperative  Citrus  Exchange,  Ltd. 
On  January  1, 1932,  the  exchange  had  38  member  associations.  A  few 
of  the  largest  estates  do  their  own  packing,  and  some  small  growers  in 
outlying  areas  grade  and  pack  their  own  citrus  fruit  with  the  aid  of 
a  home-made  bicycle-wheel  grader,  but  in  all  of  the  principal  areas 
the  packing  is  done  centrally  and  cooperatively,  and  the  local  asso- 
ciations own  most  of  the  packing  houses.  The  local  associations  may 
also  fumigate  and  pick  the  fruit  for  the  members. 

The  central  exchange  buys  packing  material  for  the  member  asso- 
ciations and  markets  the  fruit.  Originally,  the  South  African  Coop- 
erative Citrus  Exchange,  Ltd.,  and  the  South  African  Cooperative 
Deciduous  Exchange,  Ltd.,  marketed  their  fruit  through  a  federal 
body,  the  Fruit  Growers'  Cooperative  Exchange  of  South  Africa, 
Ltd.  The  latter  in  turn  originally  appointed  the  Overseas  Farmers' 
Cooperative  Federation,  Ltd.,  as  its  sales  representative  in  England. 
The  latter  did  not  actually  sell  the  fruit  forwarded  to  it,  but  selected 
the  agents  and  markets  to  which  the  fruit  was  distributed  upon  ar- 
rival, and  guaranteed  the  cooperatives  against  credit  losses.  Within 
recent  years  the  Fruit  Growers'  Cooperative  Exchange  (the  federal 
body)  has  acted  merely  as  a  shipping  agent,  and  most  of  the  functions 
of  marketing  have  been  performed  by  the  citrus  and  the  deciduous 
exchanges  for  themselves.  The  citrus  exchange  no  longer  employs 
the  Overseas  Farmers',  but  has  its  own  representative  in  London  to 
allocate  the  fruit  among  the  selling  agents.  Some  of  the  fruit  grow- 
ers name  certain  overseas  fruit  dealers  to  distribute  their  fruit  over- 
seas, and  this  fruit  is  designated  as  "  nominated  "  and  must  be  as- 
signed to  the  marketing  agents  named.  The  remainder  of  the  fruit 
is  allocated  by  the  overseas  representative  among  the  agents  in  the 
various  markets  in  accordance  with  market  demands  and  prevailing 
conditions.  The  proportion  of  Union  citrus  fruit  shipped  through 
the  exchange  since  its  inception  was :  in  1927,  24  percent ;  in  1928,  45 
percent;  in  1929,  62  percent;  in  1930,  67  percent;  in  1931,  76  percent; 
and  in  1932,  74  percent. 

The  citrus  exchange  pays  for  several  services  in  addition  to  the 
usual  marketing  services.  It  has  appropriated  liberally  for  research 
as  to  the  causes  of  waste  in  shipping  and  appropriates  for  a  parity 
fund  to  guarantee  owners  of  individual  lots  of  fruit  against  loss  when 
such  lots  are  used  for  exploring  new  markets.  In  such  cases  the  Lon- 
don parity  is  guaranteed.  During  1931,  £5,000  ($24,333)  was  ear- 
marked for  developing  new  markets  and  nearly  all  of  this  was  debited 
against  the  parity  fund. 

The  citrus  exchange  is  financed  out  of  the  Government  export  levy 
on  citrus  fruits  of  5  shillings  ($1.22)  per  shipping  ton  of  40  cubic 
feet,  amounting  to  over  £25,000  ($122,000)  in  the  1931  season.  As 
all  citrus  exports  must  contribute  to  the  levy  fund,  there  is  noth- 
ing to  be  gained  by  remaining  outside  of  a  member  cooperative.  The 
federal  body,  the  Fruit  Growers'  Cooperative  Exchange,  conducts  a 
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shipping-agency  service  for  the  citrus  exchange  and  for  the  decidu- 
ous exchange  as  well.  It  charges  1  shilling  3  pence  (30.4  cents  at 
par)  per  shipping  ton  of  citrus  (minimum  7  shillings  6  pence — $1.82 
at  par)  for  clearing  and  forwarding.  It  charges  1  shilling  per 
shipping  ton  of  imported  supplies  for  clearing  and  forwarding.  In 
addition,  it  operates  repacking  depots  at  Capetown,  Port  Elizabeth, 
and  Durban  for  repacking  and  salvaging  rejected  fruit.  The  re- 
packing is  done  for  2  shillings  (49  cents)  per  case  less  a  refund  of 
any  profits  at  the  end  of  the  season.  Likewise  any  profit  made  by 
the  Fruit  Growers'  Cooperative  Exchange  on  its  shipping-agency 
service  for  the  year  is  redistributed  among  the  cooperative  companies 
concerned.  The  Government  railway  and  harbours  administration 
provides  cold-storage  facilities  for  which  a  charge  is  made  of  5 
shillings  ($1.22)  per  shipping  ton  per  week  or  fraction  thereof.  It 
also  charges  an  equal  amount  for  wharfage. 

The  Perishable  Products  Export  Control  Board  is  a  governmental 
body  which  arranges  for  shipping  space.  Its  expenses  are  borne  by 
four  cooperative  groups  in  the  following  proportions:  Citrus,  ten- 
twentieths;  deciduous,  seven-twentieths;  eggs,  two-twentieths;  and 
dairy,  one-twentieth.  The  total  expenses  during  1931  were  £4,550 
($22,143). 

The  Government  has  enacted  several  export  control  laws  which 
specify  the  grade  requirements  for  export  fruit.  Government  in- 
spectors are  maintained  at  each  of  the  ports  to  inspect  systematically 
all  fruit  arriving  for  export.  Fruit  that  is  not  up  to  specifications  in 
every  respect  must  be  repacked  at  one  of  the  repacking  depots  main- 
tained by  the  Fruit  Growers'  Cooperative  Exchange  or  must  be  sold 
on  the  local  markets.  Oranges  must  show  70  percent  color  and  a 
sugar-acid  ratio  of  6.5  to  1  for  Washington  navels,  5.5  to  1  for  Va- 
lencias,  and  5  to  1  for  seedlings,  must  test  42  to  45  percent  juice  con- 
tent according  to  variety  and  must  weigh  64  to  67  pounds  net 
according  to  count.  Grapefruit  must  test  33  to  37  percent  (seedless 
varieties)  of  juice  and  must  weigh  53  to  57  pounds  net. 

Ocean-freight  charges  during  recent  years  have  been  at  the  rate  of 
52  shillings  6  pence  per  shipping  ton  of  40  cubic  feet  (about  70  cents 
per  box),  but  by  special  arrangement  through  the  Perishable  Prod- 
ucts Export  Control  Board  an  ocean-freight  equalization  plan  is  in 
operation  which  allows  for  a  lower  freight  rate  on  condition  that 
unused  space  is  paid  for.  The  difference  between  the  equalized  and 
the  actual  rate  of  freight  in  1931  was  7  shillings  7  pence  ($1.84)  per 
ton.  This  amount  is  refunded  by  the  control  board  to  the  shippers 
concerned,  minus  certain  losses  arising  from  bank  exchange.  The 
expenses  of  the  federal  body  are  paid  by  the  citrus  exchange  and  the 
deciduous  exchange  in  the  same  proportion  as  the  proceeds  of  the 
respective  levies  bear  to  each  other.  The  proportions  for  1931  were : 
Citrus,  77.85  percent,  and  deciduous,  22.15  percent.  After  deducting 
revenue  earnings  the  cost  to  the  citrus  exchange  of  maintaining  the 
federal  office  in  1931  was  only  £357  ($1,737). 

GOVERNMENT  AIDS 

Under  the  terms  of  article  2  and  schedule  B  of  the  draft  agree- 
ment between  Britain  and  South  Africa,  as  arranged  at  the  Imperial 
Economic  Conference  of  1932,  oranges  and  grapefruit  will  be  exempt 
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from  the  duty  of  3  shillings  6  pence  (85  cents)  per  hundredweight 
of  112  pounds  to  be  imposed  by  the  United  Kingdom  for  an  initial 
period  of  5  years  on  raw  oranges  imported  from  foreign  sources  be- 
tween April  1  and  November  30,  and  5  shilling  ($1.22)  per  hundred- 
weight to  be  imposed  upon  imports  of  raw  grapefruit.  This  prolongs 
the  preference  rate  on  oranges  (formerly  10  percent  for  the  entire 
year)  which  was  recently  granted  to  South  Africa,  but  in  times  of 
low  prices,  the  fixed  preference  will  be  even  more  effective.  The  dates 
cover  the  entire  exporting  period  for  South  African  citrus  fruits. 

SOUTHERN  RHODESIA 

TREND    OF    PRODUCTION 

The  first  citrus  plantings  on  a  commercial  scale  in  Southern 
Rhodesia  were  made  in  1910  by  a  well-known  company.  Its  three 
estates  at  Mazoe  (near  Salisbury),  Premier  (near  Umtali),  and 
Sinoia  (northwest  of  Salisbury)  produce  nearly  all  of  the  export 
fruit  grown  in  the  colony.  The  Mazoe  and  Premier  estates  have  been 
particularly  successful  as  they  were  located  on  exceedingly  fertile 
soil  with  an  abundance  of  irrigation  water  available. 

The  growth  of  the  citrus  export  movement  from  Southern  Rho- 
desia has  been  rapid.  In  1916,  when  the  first  shipments  were  made 
to  England,  only  1,336  boxes  were  exported.  In  1919  exports  were 
only  3,043  boxes  and  in  1920,  7,551  boxes.  During  the  next  5  years 
this  development  was  rapid.  Exports  increased  from  18,616  in  1921 
to  19,369  in  1922 ;  42,976  in  1923 ;  52,961  in  1924,  and  68,784  in  1925. 
Exports  were  reduced  in  1926,  on  account  of  thrips  damage,  to  34,945 
boxes.  Exports  since  that  time  have  consistently  exceeded  100,000 
boxes.  In  1927  exports  were  129,871  boxes;  in  1928,  174,907;  in 
1929,  159,278;  in  1930,  164,908;  in  1931,  155,450,  and  in  1932,  159,248, 
according  to  the  annual  report  of  the  Department  of  Agriculture  of 
Southern  Rhodesia.  Nearly  all  of  the  commercial  production  is 
exported.  In  1931  total  production  in  the  main  producing  areas  was 
181,359  boxes. 

The  number  of  citrus  trees  increased  only  slightly  between  1928 
and  1930,  and  the  number  of  orange  trees  actually  decreased  1.6  per- 
cent (table  91).  There  are  approximately  1,000  growers  of  citrus 
fruit  in  Southern  Rhodesia.  Only  4  or  5  estates  are  of  commer- 
cial importance,  and  the  total  citrus  acreage  is  approximately  2,318 
acres.  The  Washington  navel  oranges  proved  unsuccessful  at  Mazoe 
and  are  being  replaced  by  a  new  variety,  Premier  seedling,  so  that 
the  reduction  in  the  number  of  orange  trees  shown  in  1930  is  prob- 
ably only  temporary..  A  small  increase  in  the  number  of  citrus  trees 
in  Southern  Rhodesia  may  be  expected  in  especially  favorable  years 
in  response  to  favorable  prices. 

There  was  no  expansion  of  citrus-fruit  planting  in  1931,  and  ex- 
ports showed  no  increase  (36,  Reft.  Div.  Plant  Indus.,  1931).  The 
quantity  shipped  by  railroad  for  export  was  168,455  cases,  of  which 
53,167  cases  were  exported  through  Beira.  The  previous  season's 
total  was  182,838  cases,  of  which  29,174  cases  were  shipped  through 
Beira.  The  remainder  was  shipped  through  Union  ports.  The  in- 
creased shipments  through  Beira  were  occasioned  by  a  partial  em- 
bargo in  1931  against  shipments  through  the  Union  on  account  of 
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foot-and-mouth  disease  in  the  Mazoe  citrus  area.  The  decrease  in 
total  shipments  was  attributed  to  frost  injury  in  some  groves,  low 
prices  overseas,  and  poor  crops  of  Washington  navel.  In  1931, 14,964 
cases  were  shipped  to  new  markets,  as  compared  with  10,937  cases  the 
previous  year.    The  new  markets  exploited  were : 

Boxes 
Canada L 9,  627 

Prance 1,  460 

Germany 2,  025 

Sudan 400 

Italy 900 

India 412 

Port  Said 90 

Greece 50 


Figure  60. — Valencia  orange  tree  12  years  old  on  Mazoe  estate  in  Southern  Rhodesia. 

Yields  per  tree  are  high. 

Table  91. — Citrus  trees:  Number  in  Southern  Rhodesia,  1928,  1930,  and  1931 


1928 

1930 

1931 

Kind  of  fruit 

Bearing 

Non- 
bearing 

Total 

Bearing 

Non- 
bearing 

Total 

Bearing 

Non- 
bearing 

Total 

143,  261 
18,  261 

29,  213 
5,868 

172, 474 
24, 129 

135, 664 

18,  968 

34, 121 
8,269 

169,  785 
27,  237 

Total .. 

161,  522 

35, 081 

196,  603 

154,  632 

42,390 

197, 022 

159, 424 

37, 471 

196, 895 

Southern  Rhodesia  Summer  Crop  Returns  (35,  p.  8);  Official  Year  Book  (37,  no.  3,  p.  293;  no.  2,  p.  354). 


A  well-known  company  has  about  70,000  citrus  trees  of  various  ages 
at  Mazoe,  about  10,000  at  Premier  estate,  and  about  10,000  at  Sinoia 
where  the  company  has  also  a  citrus  nursery. 
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The  Mazoe  citrus  estate  is  about  25  miles  from  Salisbury  and  is  a 
particularly  fine  proposition  (figure  60).  The  soil  is  admirably 
suited  to  citrus,  and  there  is  plenty  of  available  land,  suitable  for 
citrus  fruits,  that  could  be  planted.  A  magnificent  dam  at  Mazoe 
with  a  capacity  of 
18,000  acre- feet  pro- 
vides sufficient  water 
for  an  estate  five 
times  the  size  of  the 
present  one.  Wash- 
ington navels  and 
Valencias  were 
grown  chiefly  at  the 
Mazoe  estate  at  first, 
but  it  soon  became 
evident  that  the 
Washington  navel 
was  not  suited  to 
that  area,  and  dur- 
ing the  last  few 
years  the  Washing- 
ton navel  trees  are 
being  pulled  out  to 
be  replaced  with 
Premier  seedling 
(fig.  61).  There 
are  2,060  Jaffa  or- 
ange trees  in  bear- 
ing and  3,000  non- 
bearing  at  Mazoe 
and,  in  addition, 
5,162  bearing  Medi- 
terranean Sweet  or- 
ange trees.  These, 
together  with  about  2,000  Seville  trees,  are  regarded  as  the  midseason 
varieties.  Exports  have  increased  from  34.862  boxes  in  1924  to 
100,000  in  1932.     Exports  were  reduced  in  1926  by  thrip  damage. 


Fiourk  61. — Premier  seedling  orange  tn><>  on  Mazoe  citrus 
estate,  Dear  Salisbury.  Southern  Rhodesia:  35, 000  Wash- 
ington navel  trees  were  replaced  by  this  new  improved 
variety. 


CITRUS   EXPORTS  FROM    MAZOE   CITRUS   ESTATE,    1924-32 

Year :  Boxes 

1924 34,  862 

1925 35,  076 

1926 11,  861 

1927 94,  913 

1928 125,  418 

1929 125,  708 

1931 100,  000 

1932  100, 000 

The  Mazoe  estate  has  a  better  yield  per  tree  than  any  other  large 
estate  studied.  The  30,000  Valencia  trees  in  1932  averaged  3.76 
export  boxes  per  tree.  The  age  of  the  trees  ranges  from  8  to  18 
years.  The  yield  per  tree  in  the  younger  groves  averaged  about  1.5 
boxes.  The  maximum  yielding  capacity  of  the  older  trees  does  not 
yet  seem  to  have  been  reached.    The  11,000  midseason-variety  trees 
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yielded  less  per  tree,  but  the  average  age  of  the  trees  was  less.  The 
6,000  young  Premier  trees,  budded  in  1932,  will  more  than  replace 
the  Washington  navels  that  have  been  removed.  The  number  of 
trees  on  this  estate  can  be  increased  since  the  Mazoe  Dam  provides 
an  abundance  of  water.  The  soil  in  the  Mazoe  Valley  is  a  rich 
red  loam,  much  of  which  is  now  used  for  growing  corn.  The  plan 
is  to  continue  growing  corn  as  long  as  it  will  yield  with  irrigation, 
but  without  fertilizer,  30  bags  (107  bushels)  per  acre.  Corn  is  said 
to  have  been  grown  continually  on  this  land  for  about  15  years 
without  reducing  the  yield  below  this  average.  The  company  main- 
tains a  fairly  large  staff  of  competent  scientists  in  charge  of  the 
estate  for  the  purpose  of  demonstrating  in  a  convincing  way  the 


Pigurk  62. — Mazoe  Dam  near  Salisbury,   Southern  Rhodesia.     This  dam,   100  feet  high, 
retains  enough  water  to  irrigate  6,000  acres. 

possibility  of  establishing  a  citrus  industry  in  this  area.  It  must 
be  said,  however,  that  few  other  areas  in  the  colony  offer  the  same 
advantages  for  citrus  production  that  are  to  be  found  at  the  Mazoe 
estate  (fig.  62). 

The  Sinoia  estate  is  to  be  abandoned  because  it  has  not  been  as 
successful  as  the  Mazoe  and  Premier  estates.  The  Premier  estate  in 
1932  exported  1,050  boxes  of  grapefruit,  as  compared  with  650  boxes 
in  1931.  The  increased  production  is  chiefly  due  to  the  increasing 
age  of  the  trees.  The  quality  of  grapefruit  produced  at  Premier, 
only  200  miles  from  Beira  on  the  Indian  Ocean,  is  probably  improved 
by  the  influence  of  the  moist  breezes  from  the  ocean. 

The  Valencia  oranges  at  the  Premier  estate  in  1932  amounted 
to  about  15,000  boxes,  as  compared  with  12,500  boxes  in  1930.  The 
pack  in  1931  was  much  less  owing  to  frost.  There  are  5,000  Valencia 
trees  ranging  from  10  to  17  years  of  age.    The  3,300  Washington 
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navel  orange  trees  of  the  Premier  estate  were  a  failure  and  have 
been  pulled  out.  The  land  has  been  planted  to  wheat  and  will  be 
set  in  1933  and  1934  with  4,500  trees  of  the  new  variety  Premier 
seedling  developed  at  this  estate.  The  Jaffa  variety  is  also  being 
removed,  to  be  replaced  by  the  Premier  seedling. 

The  Premier  variety  originated  as  an  odd  tree  that  occurred 
in  a  Valencia  grove.  It  has  been  propagated  by  budding,  and  the 
trees  that  have  thus  far  come  into  bearing  show  uniform  character- 
istics. The  most  desirable  feature  is  the  early  maturity.  Washing- 
ton navel  oranges  of  the  Premier  estate  mature  during  April,  but 
cannot  be  picked  until  the  rains  have  ceased,  usually  the  first  week 
of  May.  As  the  Premier  oranges  are  matured  by  the  first  week 
of  May,  they  will  take  the  place  of  the  early  movement  of  Washing- 
ton navels.  The  Valencias  are  not  harvested  until  August  or  Sep- 
tember. The  Premier  variety  may  be  a  discovery  of  world-wide 
importance.  It  is  similar  to  the  Valencia  in  appearance  but  has  only 
4  to  8  seeds.  One  tree  has  been  selected  which  produces  oranges 
with  typically  only  3  seeds.  The  sugar-acid  ratio  in  the  first  week  of 
May  was  7.56:1,  although  the  fruit  still  showed  a  tinge  of  green 
color.  By  comparison,  the  Valencia  oranges  do  not  attain  the  re- 
quired ratio  of  6.5 : 1  until  late  August  or  September,  after  which 
the  ratio  gradually  increases  to  8:1.  The  tinge  of  green  on  the 
early-maturing  Premier  variety  is  not  a  handicap,  since  all  export 
fruit,  both  oranges  and  grapefruit,  are  treated  with  ethylene  gas. 
The  Premier  oranges  exported  overseas  have  been  found  to  hold  up 
much  better  than  Washington  navels.  The  tree  grows  upright  and 
open,  but  it  does  not  look  like  a  seedling.  The  fruit  grows  in  clusters 
like  grapefruit,  and  the  leaders  usually  bear  little  fruit.  The  yield 
per  tree  is  equal  to  or  better  than  that  of  Valencias.  For  example, 
110  Premier  trees  produced,  in  1932,  350  export  boxes  of  oranges. 

METHODS    OF   MARKETING 

There  are  11  exporting  growers  of  citrus  fruits  in  Southern 
Rhodesia  and  5  in  Mozambique.  All  of  them  are  members  of  the 
Rhodesian  Cooperative  Fruit  Growers'  Association,  Ltd. 

Most  of  the  export  fruit  is  produced  on  the  three  largest  estates, 
each  of  which  has  its  own  packing  house ;  the  Mazoe  estate  has  two. 
The  fruit  is  packed  in  boxes  of  standard  size.  Most  of  it  is  Valencia 
oranges,  although  there  are  some  Washington  navels,  Mediterranean 
Sweets,  Jaffas,  and  a  few  grapefruit  from  the  Premier  estate.  The 
Rhodesian  export  growers  of  citrus  fruit  organized  in  1922  the 
Rhodesian  Cooperative  Fruit  Growers'  Association,  Ltd.,  which  is 
affiliated  with  the  South  African  Cooperative  Citrus  Exchange  and 
the  Fruit  Growers'  Cooperative  Exchange  of  South  Africa,  Ltd., 
through  which  the  marketing  facilities  and  services  are  obtained. 
In  1932  only  13  percent  of  the  Rhodesian  exports  were  handled  by 
the  South  African  Cooperative  Citrus  Exchange. 

During  1932  the  Rhpdesian  Cooperative  Fruit  Growers'  Associa- 
tion exported  overseas  170,668  boxes  of  oranges  and  8,681  boxes  of 
grapefruit.  About  one-tenth  of  the  oranges  and  87  percent  of  the 
grapefruit  originated  in  Mozambique.  Most  of  the  Rhodesian  fruit 
was  shipped  to  the  United  Kingdom,  but  the  fruit  from  Mozambique, 
in  order  to  avoid  the  heavy  duties  imposed  by  Great  Britain,  was 
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marketed  in  Canada,  France,  Germany,  India,  and  a  number  of  other 
countries.  The  net  returns  to  growers  were  slightly  higher  than  in 
1931,  varying  between  7  shillings  and  9  shillings  6  pence  ($1.70  to 
$2.31  at  par)  per  box  f.  o.  b.  port  of  shipment. 

The  cost  of  packing  material  ranges  from  2  shillings  to  2  shillings 
6  pence  (49  to  61  cents)  per  case  and  the  cost  of  exporting  and  mar- 
keting in  the  United  Kingdom  is  7  shillings  3  pence  ($1.76  at  par) 
per  case  via  Beira  to  9  shillings  3  pence  ($2.25  at  par)  per  case  via 
Capetown.  The  cost  of  production  probably  averages  between  3 
shillings  and  6  shillings  ($0.7$  to  $1.46  at  par)  per  case  so  that  an 
overseas  price  of  15  shillings  ($3.65  at  par)  is  considered  necessary 
to  meet  average  costs.  Southern  Rhodesia  abandoned  the  gold  stand- 
ard simultaneously  with  England  so  that  there  was  no  loss  on  foreign 
exchange. 

Prior  to  1931  most  of  the  citrus  fruit  was  shipped  through  Cape- 
town in  order  to  shorten  the  time  in  transit  and  take  advantage  of 
the  excellent  cold-storage,  handling,  and  inspection  facilities  at  Cape- 
town, but  restrictions  on  account  of  the  Rhodesian  outbreak  of  foot- 
and-mouth  disease  caused  large  quantities  to  be  shipped  through 
Beira  in  1931  and  especially  in  1932.  As  yet  there  is  no  cold-storage 
plant  at  Beira,  although  there  is  talk  of  building  one,  as  it  is  thought 
that  the  Rhodesian  traffic  in  fresh  fruit  and  chilled  beef  will  be 
permanent. 

By  shipping  through  Beira,  Rhodesian  citrus  fruits  avoid  a  levy 
of  9  pence  (18  cents)  per  box  which  is  collected  at  Union  ports 
and  paid  to  the  South  African  Citrus  Exchange.  This  saving  is 
not  a  clear  gain.  If  fruit  is  shipped  through  Beira  the  regular  lines 
are  unable  to  allot  refrigerated  space  at  Beira  until  the  Union  Gov- 
ernment's requirements  are  known.  This  is  about  28  days  before 
sailing  from  Capetown  and  only  9  days  before  ships  using  the  western 
route  reach  Beira.  Within  these  9  days  the  association  must  com- 
municate with  the  growers,  arrange  allocation  of  space,  arrange  for 
railage  with  the  shipping  agents,  and  have  the  fruit  reach  the  port  2 
days  before  sailing.  This  rush  is  inconvenient  and  hazardous.  It  has 
been  recommended  that  a  shipping  board  be  set  up  to  represent  the 
users  of  the  port  at  Beira  and  to  obtain  better  service  and  prevent 
violent  fluctuations  in  rates  at  short  notice.  One  of  the  directors 
of  the  Rhodesian  Fruit  Growers  Association  expressed  the  opinion 
that  the  fruit  sent  through  Beira  in  1931  arrived  at  destinations  in  as 
good  condition  as  that  sent  through  Capetown.  The  fruit  has  been 
sent  to  Beira  in  ventilated  freight  cars,  more  recently  in  refrigerated 
cars.  Railroad  and  ocean-freight  charges  were  cheaper  than  if  the 
fruit  had  been  shipped  through  Capetown.  The  possibility  of  estab- 
lishing cold-storage  facilities  at  Beira  is  being  investigated  so  that 
in  the  event  that  shipments  through  the  Union  are  interrupted  in 
the  future,  Rhodesian  citrus  fruits  will  have  adequate  handling 
facilities  at  Beira. 

MOZAMBIQUE 

According  to  Consul  Cameron,  oranges  have  been  grown  for  local 
consumption  in  the  Portuguese  colony  of  Mozambique  for  40  years, 
but  it  is  only  since  1931  that  exports  have  justified  segregation  in 
the  customs'  statistics  from  the  general  heading  of  "fresh  fruit." 
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Irrigated  citrus  acreage  is  officially  reported  to  the  extent  of  569 
acres  in  Lourenco  Marques  district  and  193  acres  in  Manica  and 
Sofala  districts,  near  Beira.  These  statistics  are  incomplete,  and  the 
total  irrigated  acreage  is  more  nearly  900.  The  acreage  of  both 
irrigated  and  nonirrigated  citrus  fruit,  according  to  the  1929-30 
census,  was  3,240  acres,  embracing  202,700  trees  of  which  all  but  a 
few  were  in  the  districts  just  mentioned. 

The  total  acreage  was  composed  of  1,685  acres  of  oranges,  443 
acres  of  tangerines,  591  acres  of  grapefruit,  321  acres  of  lemons,  and 
200  acres  of  other  kinds.  The  total  number  of  trees  consisted  of 
97,800  orange,  32,000  tangerine,  34,300  grapefruit,  23,000  lemon  and 
15,600  other. 

Young  trees  accounted  for  a  large  proportion  of  the  total.  In 
addition,  59,900  young  trees  were  reported  in  nurseries.  The  fol- 
lowing classification  shows  that  110,300  trees  were  in  full  bearing, 
26,000  trees  in  first-year  bearing,  36,800  trees  2  or  3  years  old,  and 
29,600  trees  were  planted  in  the  year  of  the  census,  1929-30.  The 
figures  indicate  that  although  grapefruit  trees  constitute  only  17 
percent  of  the  total  citrus  trees,  the  proportion  of  nonbearing  trees 
is  twice  as  high  for  grapefruit  as  for  orange  (table  92). 

Table  92. — Citrus  trees:  Number  in  Mozambique,  1929-30 


Full-bear- 
ing trees 

Trees  not  in  full  bearing 

Kind  of  tree 

First-year 
bearing 

Planted  in 
1929-30 

Other 

Percentage 
of  full 
bearing 

Number 
63,200 
16,900 
10,100 
12,600 
7,500 

Number 
12,200 
4,300 
7,400 
1,300 
800 

Number 
10,100 
5,500 
6,700 
3,500 
3,800 

Number 
12,300 
5,300 
10,100 
5,600 
3,500 

Percent 

35 

47 

71 

45 

Other                        --»      -  --    

52 

Total                     

110,300 

26,000 

29,600 

36,800 

46 

1929-30  census,  Mozambique. 


Of  course,  many  of  these  trees  have  since  come  into  bearing. 
In  1933,  orange  trees  in  full  bearing  probably  numbered  about  80,000 
and  grapefruit  trees  about  35,000.  The  latter  figure  allows  for  a 
probable  understatement  in  the  census  returns  for  grapefruit.  Since 
1930  the  rate  of  planting  of  orange  trees  is  understood  to  have 
slowed  down,  whereas  grapefruit  planting  has  increased  sharply. 
Small  growers  obtain  their  young  trees  from  the  Government  ex- 
periment stations,  but  large  growers  grow  their  own  nursery  stock 
or  buy  trees  from  agents  of  nurserymen  in  the  Union.  Kecent  issues 
of  trees  by  nurserymen  form  no  indication  of  planting  in  Mozam- 
bique. 

The  1929-30  census  shows  the  total  production  and  quantity  sold 
in  each  district.  These  figures,  given  in  kilograms,  have  been  con- 
verted to  boxes  by  multiplying  by  2.2046  and  dividing  the  result  by 
70  to  convert  the  quantities  into  statistical  boxes  of  70  pounds,  al- 
though it  must  be  remembered  that  the  tangerines  were  probably 
sold  in  half  boxes  so  that  the  actual  number  of  boxes  of  tangerines 
was  approximately  double  the  number  shown  (table  93). 
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Table  98. — Citrus-fruit  production  and  sales  in  various  districts,  Mozambique, 

1929-30 


Districts 

Kind  of  fruit 

Lourenco 
Marques 

Manica  and 
Sofala 

Five  others 

All  district? 

Produc- 
tion 

Sales 

Produc- 
tion 

Sales 

Produc- 
tion 

Sales 

Produc- 
tion 

Sales  i 

Boxes 

34, 259 

2,815 

7,771 

712 

7,818 

Boxes 

29,027 

1,917 

7,522 

497 

7,629 

Boxes 

91,  765 

2,311 

12,418 

315 

94 

Boxes 

90, 663 

2,226 

12, 418 

154 

Nil 

Boxes 
3,432 
1,873 

Boxes 

787 
516 

Boxes 

129,  456 

6,999 

20, 189 
1,266 
7,912 

Bores 
120,477 
4,659 

19, 940 
777 

239 

126 

Other 

7,629 

Total 

53,  375 

46,  592 

106,903 

105,  461 

5,  544 

1,429 

165,822 

153, 482 

1  The  difference  between  production  and  sales  represents  plantation  consumption  and  wastage. 
1929-30  census,  Mozambique. 


as 


Total  sales  in  Mozambique  are  only  about  5  percent  as  great 
the  total  commercial  crop  of  the  Union,  but  the  rate  of  expansion 
seems  at  present  to  be  more  rapid. 

Exports  from  Mozambique  are  reported  in  kilograms  (table  94). 
They  have  been  converted  into  boxes  in  the  way  mentioned  above. 

Table  94. — Citrus-fruit  exports  from  Mozambique,  1928-31 


1928, 
Lourenco 
Marques 

1929, 
Lourenco 
Marques 

1930 

1931 

Kind  of  fruit 

Lourenco 
Marques 

Beira 

Total 

Lourenco 
Marques 

Beira 

Total 

Boxes 
5,091 

Boxes 
11,081 
123 

Boxes 
20, 266 

Boxes 
16,  793 

Boxes 
37, 059 

Boxes- 

21, 249 

164 

21,487 

2,141 

Boxes 
10,100 

Box^s 
31, 349 

164 

7,402 
2,120 

7,402 
2,122 

1,049 

22,  536 

884 

1,807 
9,630 

2 

2,141 

3,888 

3,888 

Total          

5,975 

22, 641 

29,788 

16,  795 

46,  583 

i  45,  041 

•  15,  037 

60,  078 

1  1932  exports  were  46,846  boxes  (25,932  oranges,  20,914  grapefruit),  chiefly  to  London. 
*  Rhodesian  fruit  exported  through  Beira  in  1931  amounted  to  more  than  100,000  boxes. 

In  1930  the  cold-storage  plant  at  Lourenco  Marques  handled  18,405 
boxes  of  citrus  fruit  produced  in  Portuguese  territory ;  in  1931,  45,965 
boxes  of  such  fruit  and  1,938  boxes  of  Transvaal  fruit;  in  1932,  46,529 
boxes  of  the  former  and  25,990  boxes  of  the  latter:  There  is  no  cold- 
storage  plant  at  Beira,  but  the  fruit  is  handled  direct  from  refriger- 
ated cars  to  the  boats.  It  was  predicted  that  exports  of  Portuguese- 
grown  fruit  through  Lourenco  Marques  in  1934  would  exceed  100,000 
boxes.  Exports  are  chiefly  to  England  in  refrigerated  boats;  some 
reshipments  are  made  to  Italy  and  France.  Exports  from  Mozam- 
bique are  made  earlier  than  those  from  the  Union  of  South  Africa. 
Most  of  the  exports  are  made  between  April  and  July,  as  compared 
with  May  to  October  in  the  Union. 

Further  expansion  of  the  industry  is  expected,  especially  of  grape 
fruit,  and  particularly  where  irrigation  is  possible.    In  the  Manic 
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and  Sofala  districts,  irrigation  is  unnecessary,  and  serious  drought 
occurs  only  once  in  4  or  5  years,  but  these  districts  are  subject  to  occa- 
sional frost.  Further  north  the  rainfall  is  more  dependable,  and 
there  is  no  frost,  but  development  of  the  industry  must  await  the 
extension  of  the  railroads  into  these  districts.  Furthermore,  it  must 
be  recognized  that  most  of  the  citrus  areas  of  Mozambique  are  in 
fever  areas  less  suitable  for  white  occupation  than  the  citrus  areas 
in  the  Union  of  South  Africa. 

The  two  districts  in  which  citrus  production  is  likely  to  be  ex- 
panded are  the  Lourenco  Marques  district,  in  the  extreme  southern 
part  of  the  colony,  and  the  strip  between  Beira  and  the  Khodesian 
border. 

TANGANYIKA 

The  production  of  citrus  fruits  in  Tanganyika  is  not  on  a  com- 
mercial basis. 

Around  Muhesa  in  Tanga  Province,  in  the  northeast,  the  Govern- 
ment started  a  substation  primarily  to  encourage  citrus  growing 
among  natives.  A  local  market  exists  among  the  large  employers 
of  native  labor  in  this  Province  and  in  Kenya.  A  citrus  nursery 
was  started  in  1928;  the  Binti  Juma  orange  from  Zanzibar  and  10 
varieties  of  oranges,  tangerines,  grapefruit,  and  lemons  have  been 
budded  on  rough  lemon  stock.  In  1930  the  director  of  agriculture 
(13)  reported: 

The  small  citrus  production  in  the  neighborhood  of  Muhesa  in  the  hands  of 
natives  is  not  developing  and  cannot  be  expected  to  do  so  when  the  people  are 
too  slothful  to  save  their  citrus  trees  from  grass  fires. 

Various  citrus  diseases  also  inhibit  production. 

There  was  no  establishment  of  grapefruit  or  other  citrus-growing 
industry  during  1930,  although  the  experiment  station  at  Morogoro 
maintains  a  number  of  varieties  of  grapefruit  and  other  citrus  fruits 
and  keeps  available  a  limited  amount  of  bud  wood  for  propagation 
(40,  Rept.  1930).  It  is  possible  to  ship  citrus  fruit  at  a  time  when 
British  and  continental  markets  are  somewhat  bare  of  supplies — 
September  and  October. 

NYASALAND 

Citrus  fruit  has  been  grown  noncommercially  in  Nyasaland  for 
many  years.  Officials  of  the  Nyasaland  Department  of  Agriculture 
are  now  showing  evidence  of  considerable  interest  in  the  possibility 
of  developing  a  commercial  citrus  industry.  In  May  1933  negotia- 
tions were  entered  into  for  a  prominent  citrus  authority  in  the  Union 
to  visit  Nyasaland  and  make  recommendations  for  the  establishment 
of  citrus  groves  in  Nyasaland. 

KENYA 

The  1932  agricultural  census  for  Kenya  shows  that  at  the  end  of 
February  1932  Kenya,  with  its  2,100  European  farmers  owning  over 
5,000,000  acres  of  land,  had  only  2,799  acres  of  orchards  containing 
223,820  fruit  trees  (table  95).  The  number  of  fruit  trees  increased 
from  195,716  in  1931,  although  the  acreage  reported  in  1931  was 
slightly  larger  than  that  in  1932. 
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Table  95. — Fruit:  Acreage  and  trees  owned  by  Europeans  in  Kenya,  total  1925- 
32,  and  by  districts  1932 


Year,  month,  province,  and  district 

Acreage  in 
orchards 

Fruit  trees 

Deciduous 

Citrus 

Other  kinds 

Kenya: 

1925,  June -     -- 

Acres 
i  2,  516 

2  2,  560 

3  2, 480 
2,929 
2,799 

Number 
110, 223 
122, 888 
114,  647 

119,  983 

120,  241 

Number 
49, 537 
36,297 
32,645 
34,  518 
39,654 

Number 
27,129 
24, 151 
27,387 
41, 215 
63, 925 

1928,  July 

1930,  July 

1931,  February .      .  .    .. 

1932,  February -  -    -  ..  .. 

Coast  Province: 

4 
35 
23 
42 
16 

265 
820 
85 
100 
132 

12 
1,436 

49 

Kilifl  and  Malindi 

Lamu  and  Tana _-    ,.  .. 

4,000 
64 

Teita__ .- .-  ---  . 

12 

Total 

120 

61 

1,402 

5,  512 

Ukamba  Province: 

567 

46,  384 

6,712 

1,024 

Kikuyu  Province: 

24 

561 

105 

106 

6 

361 

18,  735 

520 

2,317 

16 

369 

10,  214 

2,153 

1,873 

110 

286 

28, 053 
1  387 

Thika  (Fort  Hall)— 

1,660 
150 

Total 

802 

21,949 

14,  719 

31,  536 

Naivasha  Province: 

157 
24 

12,  781 
1,104 

847 
230 

786 

118 

Total.. 

181 

13,885 

1,077 

904 

Rift  Valley  Province: 

271 
29 

14,  218 
276 

2,349 
214 

5,645 

1,506 

Total 

300 

14,  494 

2,563 

7,151 

Nzoia  Province: 

25 
321 
283 

1,620 
13,  273 
5,824 

191 
4,837 
3,144 

314 

5,108 

8,343 

Total.. 

629 

20,  717 

8,172 

13,  765 

Nyanza  Province: 
Kavirondo: 

6 
21 

1 
128 
44 

40 

181 

5 

1,270 

1,255 

114 

485 

20 

3,554 

836 

50 

North     

327 

South -  -  -    - 

17 

2,302 

1,337 

Total             

200 

2,751 

5,009 

4,033 

i  Including  435  acres  of  bananas  and  84  acres  of  pineapples. 

2  Including  391  acres  of  bananas  and  121  acres  of  pineapples. 

3  Including  259  acres  of  bananas  and  118  acres  of  pineapples. 

Kenya  Colony  and  Protectorate,  agricultural  census,  1932,  (U,  Rept.  IS,  p.  46). 

The  quantity  for  sale  is  exceedingly  small,  and  in  1930  fruit  sales 
from  farms  amounted  to  402  short  tons  in  addition  to  12,530  bunches 
of  bananas  and  44,102  pineapples.  Bananas  show  a  decrease,  but 
pineapples  increased  over  1928  about  50  percent  and  other  fruit  115 
percent. 
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UGANDA 

Citrus  fruit  has  not  been  grown  commercially  in  Uganda,  but  in 
1929  the  Uganda  Government  undertook  the  propagation  of  citrus 
trees  for  distribution  free  of  charge  to  prospective  growers.  Very 
slight  progress  has  been  made  to  date.  During  1931  the  Government 
distributed  only  about  400  citrus  trees,  chiefly  grapefruit  and  or- 
anges. The  inland  character  of  the  country  makes  commercial  pro- 
duction difficult  except  for  local  demands.  In  this  respect  Uganda 
is  similar  to  Southern  Khodesia,  although  in  the  latter  country 
annual  exports  exceed  150,000  boxes. 

TOBACCO 
PRODUCTION  IN  SOUTH  AND  EAST  AFRICA 

South  and  east  African  countries  are  important  as  actual  and 
potential  sources  of  tobacco,  competing  in  Europe  with  American- 
grown  tobacco.  They  are  not  important  consumers  of  American- 
grown  tobacco.  South  Africa  has  never  imported  more  than  9,000,- 
000  pounds  and  has  recently  imported  only  about  3,000,000  pounds 
per  year. 

The  production  of  tobacco  in  south  and  east  African  countries  is 
about  50,000,000  pounds  per  year.  This  is  small  in  comparison  with 
the  1,000,000,000  to  1,500,000,000  pounds  produced  in  the  United 
States,  but  since  the  consuming  capacity  of  these  countries  is  small 
in  comparison  with  the  potential  producing  capacity,  the  tobacco  sit- 
uation is  of  genuine  importance.  The  exportable  surplus  amounts 
to  approximately  30,000,000  pounds,  as  compared  with  500,000,000 
pounds  normally  exported  as  leaf  tobacco  from  the  United  States. 
Furthermore,  tobacco  exports  from  these  countries  are  increasing, 
while  exports  from  the  United  States  are  decreasing.  American  to- 
bacco meets  very  definite  competition  on  European  markets  with 
tobacco  from  these  various  sources,  and  this  competition  is  likely  to 
become  keener  in  view  of  the  fact  that  production  in  these  countries 
is  increasing  rapidly  and  that  practically  all  of  the  increased  produc- 
tion must  be  for  export. 

In  south  and  east  Africa  it  is  customary  to  designate  all  non- 
Turkish  tobacco  as  Virginian  type,  although  it  differs  widely  in 
characteristics.  Most  of  the  Virginian  tobacco  grown  in  the  Union 
of  South  Africa  and  Swaziland  is  air-cured,  and  this  varies  from  a 
thin  light  leaf  used  for  cigarettes  to  a  heavy  dark  leaf  used  for 
smoking  or  snuff.  The  Rhodesian  tobacco  of  Virginian  type  is 
mostly  flue-cured  and  does  not  differ  widely  from  flue-cured  tobacco 
grown  in  the  United  States;  but  a  considerable  part  is  dark  fire- 
cured,  and  a  small  part  is  air-  or  sun-cured.  The  Nyasaland  to- 
bacco is  grown  mostly  by  natives  (blacks)  on  their  own  lands.  It  is 
of  a  heavy  dark  fire-cured  type.  However,  Europeans  in  Nyasaland 
also  grow  considerable  tobacco,  mostly  flue-cured,  but  some  of  it  fire- 
cured.  The  other  countries  produce  chiefly  dark-fired  tobacco,  grown 
mostly  by  natives,  and  their  production  has  not  yet  become  im- 
portant (fig.  63). 
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Turkish  tobacco  is  grown  to  some  extent  in  the  Union  and  in 
Southern  Rhodesia.     It  is  always  air  cured. 

Production  in  the  Union  has  always  been  primarily  for  domestic 
consumption  but,  with  the  advent  of  flue  curing,  some  is  being  ex- 
ported. An  export-quota  law  went  into  effect  in  1933 ;  requiring  25 
percent  of  certain  types  to  be  exported. 

Production  in  the  other  countries  has  been  primarily  for  export 
to  the  United  Kingdom,  where  the  tobacco  competes  with  American 
tobacco.  The  imposition  of  preferential  duties  by  the  United  King- 
dom has  encouraged  production  and  exportation  from  the  Rhodesias 
and  Nyasaland. 
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Figure  63. — The  principal  tobacco-producing  areas  are  in  the  Union  of  South  Africa  (air- 
cured),  Southern  Rhodesia    (flue-cured),  and  Nyasaland    (fire-cured). 

From  September  1,  1919,  an  Imperial  preferential  tariff  of  five- 
sixths  of  the  full  rate  (81%  pence  against  98  pence — $1.65  against 
$1.99,  at  par — per  pound  of  foreign  tobacco)  was  granted  to  the 
British  countries.  On  July  1, 1925,  the  preferential  rate  was  changed 
to  three-fourths— 73l/2  pence  ($1.49)  against  98  pence  ($1.99).  On 
April  12,  1927,  it  was  changed  to  8iy2  pence  ($1.65)  as  against  106 
pence  ($2.15).  On  September  11,  1931,  it  was  changed  to  89y2  pence 
($1.81)  against  114  pence  ($2.31).  These  rates  apply  to  unstrippef 
leaf  tobacco  containing  10  percent  or  more  of  moisture. 

The  most  rapid  expansion  of  tobacco  acreage  in  all  of  these  African 
countries  occurred  between  1925  and  1927.  Prices  in  the  United 
States  were  declining  between  1922  and  1926,  but  were  higher  in  192 \ 
and  1928.  Prices  in  South  Africa  were  rising  between  1925  anc 
1928  but  declined  thereafter.  These  circumstances  led  to  the  re- 
markable expansion  in  these  African  countries — from  less  than  20,- 
000,000  pounds  in  1917-18  to  almost  70,000,000  pounds  in  1927-28. 
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All  types  of  tobacco  shared  in  the  expansion,  but  the  expansion  of 
Rhodesian  flue-cured  tobacco  from  almost  nothing  in  1917-18  to  24,- 
000,000  pounds  in  1927-28  was  most  marked.  Consumption  of 
Khodesian  tobacco  (chiefly  flue-cured)  rose  from  1,000,000  pounds 
in  1926  to  4,000,000  pounds  in  1928 ;  but  consumer  tastes  could  not  be 
quickly  changed  to  accept  Rhodesian  tobacco,  and  therefore  tre- 
mendous stocks  of  unsold  tobacco  accumulated.  Production  in 
Rhodesia  was  therefore  abruptly  curtailed.  Consumption  of  Rho- 
desian tobacco  in  the  United  Kingdom  has  gradually  increased  to 
about  10,000,000  pounds  per  year,  and  Rhodesian  production  is  again 
increasing  but  is  not  yet  back  to  the  1927-28  level.  After  the  col- 
lapse of  the  Rhodesian  market  in  1927-28,  Southern  Rhodesia  turned 
partly  to  the  production  of  dark-fired  tobacco,  but  production  only 
reached  2,000,000  pounds  and  then  receded. 

In  Nyasaland  production  (chiefly  flue  cured)  by  Europeans  in- 
creased from  about  3,000,000  pounds  in  1917-18  to  10,000,000  pounds 
in  1926-27,  after  which  it  steadily  declined  without  the  revival  noted 
elsewhere.  However,  production  (fire  cured)  by  natives  increased 
steadily,  with  practically  no  interruption,  to  13,000,000  pounds  in 
1931-32. 

In. the  Union  of  South  Africa  production  increased  only  about 
50  percent  during  the  boom  and  declined  about  the  same  amount 
thereafter.  Extreme  fluctuations  in  acreage  and  production  have 
not  occurred  in  the  Union,  where  production  is  chiefly  for  domestic 
consumption.  Legal  measures  tend  to  stabilize  the  price  and  produc- 
tion in  the  Union.  The  Union  Government,  by  legalizing  com- 
pulsory cooperation  in  the  marketing  of  tobacco  in  the  principal 
areas  in  1925,  has  helped  to  stabilize  prices  in  the  Union.  Again, 
the  Union  Government  in  1933  required  25  percent  of  all  tobacco 
(other  than  the  unimportant  Turkish  and  flue  cured)  purchased  by 
dealers  to  be  exported,  thereby  disposing  of  an  accumulated  surplus 
and  maintaining  prices  locally.  This  last  method  cannot  add  more 
than  10,000,000  pounds  to  the  export  supply  without  materially 
reducing  the  price  that  can  be  paid  to  producers  in  the  Union. 

The  Union  manufactures  about  17,000,000  pounds  of  tobacco  per 
year,  of  which  all  but  about  3,000,000  pounds  are  produced  in  the 
Union.  Most  of  the  3,000,000  pounds  of  imported  tobacco  originates 
in  Southern  Rhodesia  and  Northern  Rhodesia.  Any  material  in- 
crease in  production  of  tobacco  in  the  Union  will  be  reflected  in 
increased  exports. 

During  1932  the  Union  exported  25,000  pounds  of  cigarette  and 
47,000  pounds  of  other  manufactured  tobacco.  No  cigars  were  ex- 
ported. Unmanufactured  tobacco  was  exported  only  to  the  extent 
of  29,000  pounds.  The  cigarettes  were  exported  almost  entirely  to 
Belgian  Congo.  The  other  manufactured  tobacco  was  exported  in 
about  equal  quantities  to  the  United  Kingdom,  Australia,  New 
Zealand,  and  Kenya,  with  smaller  quantities  to  Tanganyika  and 
other  possessions.  The  unmanufactured  leaf  tobacco  was  exported 
chiefly  to  the  United  Kingdom  and  Mozambique.  The  exports  of 
tobacco  other  than  cigarettes  were  less  in  1932  than  at  any  time  since 
1910,  but  because  of  recent  legislation  these  exports  will  probably 
increase.  Between  1910  and  1923  these  exports  increased  from 
approximately  100,000  pounds  to  over  2,000,000  pounds.    Since  that 
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time  they  have  been  less  than  1,000,000  pounds  per  year, .except  in 

1930,  when  an  accumulated  supply  of  inferior  tobacco  was  marketed 
at  bargain  prices. 

Southern  Khodesia,  with  only  about  50,000  white  people,  consumes 
little  tobacco.  In  1932  no  cigars  were  exported,  and  exports  of 
cigarettes,  chiefly  to  Northern  Rhodesia,  amounted  to  only  113,000 
pounds.  Exports  of  other  manufactured  tobacco,  chiefly  to  Northern 
Rhodesia,  amounted  to  73,000  pounds.  These  items  were  small  in 
comparison  with  the  exports  of  unmanufactured  tobacco,  13,000,000 
pounds,  chiefly  to  the  United  Kingdom.  Exports  from  Southern 
Rhodesia  were  less  than  5,000,000  pounds  per  year  until  the  tobacco 
boom  of  1927  and  1928,  when  exports  reached  15,000,000  pounds  per 
year.  In  1930  exports  declined  to  7,000,000  pounds,  but  again  reached 
13,000,000  pounds  in  1932,  with  indications  of  further  increases  to 
come. 

Nyasaland  in  1932  exported  15,000,000  pounds  of  tobacco,  almost 
entirely  to  the  United  Kingdom.  Of  this  quantity,  11,000,000  pounds 
was  leaf  tobacco  and  4,000,000  pounds  strips.  This  was  the  largest 
quantity  ever  exported  from  Nyasaland  in  1  year.  Exports  increased 
from  2,000,000  pounds  in  1912  to  5,000,000  pounds  in  1921  and 
12,000,000  pounds  in  1928.  There  was  no  further  increase  until  the 
record  exports  of  1932. 

Northern  Rhodesia  exported,  through  Nyasaland,  in  1932  a  total  of 
900,000  pounds  of  tobacco.    This  was  considerably  more  than  during 

1931,  but  represented  a  decline  from  the  1,700,000  pounds  exported  in 
1929.  Tobacco  from  Northern  Rhodesia  was  exported  to  the  United 
Kingdom  and  the  Union  of  South  Africa. 

There  are  three  sets  of  factors  which  may  cause  tobacco  exports 
from  these  countries  to  increase  from  the  present  level  of  30,000,000 
pounds  to  a  level  of  100,000,000  pounds  or  more. 

(1)  Prices.  If  the  price  level  in  the  United  States  is  raised  above 
parity  with  that  of  other  countries,  quality  considered,  and  if  our 
export  price  is  on  a  par  with  the  domestic  price,  foreign  demand 
will  shift  to  South  African  tobacco.  If  greater  tariff  preferences  are 
extended  to  South  African  countries,  production  then  will  be  f urthei 
stimulated.  If  the  Union  of  South  Africa  continues  its  compulsory 
export-quota  plan,  some  increase  in  South  African  exports  will  be 
certain. 

(2)  Natural  resources.  The  northern  extension  of  the  Nyasaland 
railroad  is  opening  up  new  areas  suitable  for  tobacco.  Tobacco  may 
displace  other  crops  on  irrigated  lands  in  the  Union,  and  the  irri- 
gated area  may  be  slightly  increased.  The  cultivation  of  a  desire 
for  money  among  any  large  part  of  the  30,000,000  natives  in  these 
countries  will  expand  native  production  of  tobacco  for  sale  and  ex- 
port. Within  25  years  this  has  created  a  native  cotton-growing  in- 
dustry in  Uganda  amounting  to  about  250,000  bales  per  year.  In 
even  less  time  it  has  developed  a  native  tobacco-growing  industry 
in  Nyasaland  amounting  to  about  10,000,000  pounds  per  year.  The 
natives'  power  to  produce  has  only  started  to  develop. 

(3)  Technical  changes.  If  consumer  preferences  in  Europe  can 
be  gradually  changed,  and  if  it  is  in  the  interest  of  the  manufacturer 
to  do  so,  more  South  African  tobacco  will  be  used  in  manufacturing 
the  tobacco  blends.     This   is  steadily   happening  in  the   case   of 
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Rhodesian  tobacco.  If  the  quality  of  the  South  African  tobacco  can 
be  changed  to  resemble  more  closely  American  tobacco  a  similar  result 
will  follow.  The  Union  of  South  Africa  has  recently  started  to 
flue-cure  instead  of  air-cure  part  of  its  tobacco  crop.  Officials  in 
Southern  Rhodesia  are  experimenting  with  various  fertilizers  and 
treatments  to  alter  the  flavor  and  burning  qualities  of  Rhodesian 
tobacco.  In  several  countries  improved  varieties  are  being  intro- 
duced.    Skill  in  curing  is  also  being  constantly  improved. 

Unless  the  price  factor  is  strongly  in  favor  of  South  Africa,  tobacco 
exports  from  these  countries  will  increase  haltingly.  It  requires  a 
long  time  under  normal  price  relationships,  for  the  development  of 
the  natural  resources,  land,  and  labor,  to  multiply  tobacco  exports. 
It  usually  takes  even  longer  for  technical  changes  to  alter  greatly 
the  volume  of  exports  (table  96). 

Table  96. — Tobacco:  Acreage  and  production,  by  type,  south  and  east  Africa, 

1921-28 


Country 

On  land  occupied 
by  Europeans 

On  land 
occupied 

Total 
produc- 
tion 

Typei 

Acreage 

Produc- 
tion 

by  na- 
tives 

Air- 
cured 

Flue- 
cured 

Fire- 
cured 

Turk- 
ish 

Acres 

40,420 

1,865 

12 

46,  622 

*  7,000 

22,475 

3,  558 

1,000  lb. 

21, 751 

1,294 

1 

24,943 

s3,000 

9,112 

1,037 

1,000  lb. 
1,351 

1 

1,000  lb. 

23,102 

1,295 

24,943 

«3, 000 

14,  519 

U.237 

8  22 

200 

1810 

1,000  lb. 

21,920 

1,295 

1 

3  127 

«300 

"~i66~ 

1,000  lb. 

no 

1,000  lb. 

1,000  lb. 
1,172 

South- West  Africa.. 

Southern  Rhodesia.  ..  

(*) 

(») 

5,407 

7200 

822 

200 

10  800 

24,263 

2,700 

7,000 

100 

102 

451 

7,519 

1,037 

16 

200 

810 

6 

Kenya 9 

(J) 
18 

no 

Total 

121,960 

61, 148 

7,981 

69,129 

23,743 

34,073 

9,684 

1,631 

i  Approximate. 

2  Unknown  but  unimportant. 

3  Including  sun-cured  and  inyorka. 

•  Approximate;  1925-26  was  4,936  acres;  1928-29  was  3,232  acres. 

J  Approximate;  1925-26  was  2,070,000  pounds;  1929-30  was  1,318,000  pounds. 

6  Sun-cured. 

7  Approximate;  60,000  pounds  of  native-grown  tobacco  was  sold  to  Europeans. 

8  Approximate;  production  in  1930  was  22,000  pounds. 

9  Approximate;  10,000  to  20,000  pounds  exported  annually.    Chiefly  consumed  locally  by 
i°  Approximate;  native-grown  acreage  was  2,108  acres. 

From  official  sources.    Year  beginning  July  1. 

UNION  OF  SOUTH  AFRICA 


TREND  OF  PRODUCTION 


Tobacco  growing  in  the  Union  of  South  Africa  dates  back  to  the 
early  colonial  days  at  the  Cape.  It  spread  northward  and  inland 
into  various  areas  with  the  progress  of  European  settlement.  Until 
the  present  century  most  tobacco  growers  in  what  is  now  the  Union 
of  South  Africa  manufactured  their  tobacco  crop  into  roll  tobacco, 
a  process  of  fermenting,  rolling,  and  coiling  the  leaf.  The  roll 
tobacco  was  then  sold  for  use  as  pipe  tobacco  or  snuff.  Some  roll 
tobacco  is  still  manufactured,  chiefly  in  the  Oudtshoorn  district,  but 
most  of  the  Union's  crop  is  now  sold  to  manufacturers  in  the  Union 
for  making  cigarettes  and  pipe  tobacco  for  consumption  in  South 
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Africa.     Turkish-tobacco  production  for  cigarette  manufacture  has 
also  developed  within  the  last  30  years. 

In  1910-11  the  Union  produced  15,000,000  pounds  of  tobacco,  of 
which  about  50,000  pounds  was  Turkish.  There  was  no  material 
increase  until  1925-26  although  Turkish  production  climbed  up  to 
1,000,000  pounds.  There  was  a  moderate  expansion  between  1925 
and  1928 — up  to  23,000,000  pounds,  including  Turkish — after  which 
production  dropped  to  the  previous  level  owing  to  the  impossibility 
of  selling  the  surplus  leaf  that  had  been  exported.  With  the  surplus 
finally  sold  and  under  the  protection  of  a  duty  on  Rhodesian  tobacco 
in  excess  of  2,400,000  pounds  (3  shillings  6  pence — 85  cents  per 
pound  of  leaf),  production  again  increased  in  1931-32.  The  follow- 
ing crop  would  also  have  been  large  except  for  severe  drought  and 
shortage  of  irrigation  water  (fig.  64). 


"22  '24  "26  '28 

(HAAVCST  Oft  EXPORT  YEAfi  ENOEO  DEC6M3EH  31) 

FIGURE    64.— PRODUCTION,    IMPORTS,    AND    EXPORTS   OF    TOBACCO,     UNION    OF 
SOUTH     AFRICA,   1918-34. 

Tobacco   production    increased    rapidly    from    1923   to    1928.      Progress   was   arrested  in 
1929  by  low  prices  and  in  1933  by  drought. 

Turkish  tobacco  increased  to  1,685,000  pounds  in  1930-31  and 
greatly  exceeded  local  requirements.  Exportation  of  this  type  was 
not  feasible.  Growers  were  prevailed  upon  to  cut  production  to 
400,000  pounds  in  1931-32,  and  to  almost  nothing  at  all  in  1932-33 
pending  liquidation  of  the  accumulated  surplus. 

Most  of  the  production  is  by  European  growers  using  native 
laborers,  but  around  250,000  pounds  per  year  are  grown  by  natives 
living  on  the  farms  of  Europeans  and  about  1,000,000  pounds  grown 
by  natives  living  in  native  reserves,  locations,  missions,  or  on  native 
farms.  Information  is  incomplete  but  there  is  no  evidence  of  any 
increase  in  the  production  of  tobacco  by  natives  in  the  Union. 
Such  an  increase  need  not  be  expected  because  in  the  Union  (but  not 
in  other  south  African  countries)  most  of  the  tobacco,  Turkish 
excepted,  is  grown  with  irrigation.  The  irrigation  schemes  are 
European-owned. 

Nearly  all  of  the  Union's  tobacco  crop  is  air-cured.  There  is  no 
fire-curing.  Flue-curing,  long  recommended,  was  seriously  begun 
in  1930.     In  3  successive  years  the  number  of  flue-curing  barns 
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increased  from  8  to  88  to  150  and  (in  1933)  400  or  500.  The  Gov- 
ernment and  the  tobacco  manufacturers  subsidized  the  construction 
of  a  large  number.  As  a  result  flue-cured  tobacco  amounted  to  80,000 
bounds  in  1931  and  1,350,000  pounds  in  1934.  Except  for  drought, 
a  much  larger  crop  of  flue-cured  would  have  been  marketed  in  1933. 
The  slower  rate  of  expansion  of  tobacco  exports  from  the  Union 
is  ascribed  to  the  fact  that  the  Union's  tobacco  has  not  proved  pop- 
ular with  European  buyers.  The  growing  of  flue-cured  tobacco 
will  probably  open  the  way  for  at  least  a  moderate  export  demand. 
If  so,  production  will  expand  in  the  western  Transvaal   (table  97). 


Table   97. — Tobacco: 


Acreage    and    production,    Union 
Swaziland,  1910-11  to  1932-33 


of   SoutJi    Africa    and 


ACREAGE 

Union  of  South  Africa 

Swaziland 

Year  beginning  July  1 

On  land  occupied  by- 
Europeans 

On  land  occupied  by 
natives 

Total 

On  land 
occupied 
by 
Euro- 
peans 

On  land 

Virginian 
types 

Turkish 

On  Euro- 
pean- 
owned 
farms 

On  native 
reserves 

occupied 

by 
natives 

1917-18 

Acres 
23,125 
25,809 
26,563 
19,  324 
17,643 
19, 440 
22,167 
24,  355 
37,327 
37, 914 
21,608 
19,341 

Acres 
0) 
(2) 
(2) 

(2) 

1,  657 
2,195 
1,393 
1,890 
2,011 
2,506 
2,830 
2,759 

Acres ' 

Acres  i 

Acres  » 

Acres 

Acres 

1919-20 

1920-21 

1921-22 

1922-23 

1923-24 

243 

352 

671 

1,033 

1,865 

1,839 

497 

439 

24 

1924-25 

13 

1925-26 

3 

1926-27. 

10 

1927-28   _ 

5 

1928-29 

, 

11 

1990-30 

50 

1990-81 

PRODUCTION 


1910-11 

1,000  lb. 

1,000  lb. 

1,000  lb. 

1,000  lb. 

1,000  lb. 
14,961 
14,931 

1,000  lb. 

1,000  lb. 

1917-18 

12,502 

14,183 

11,644 

15,007 

9,813 

8,048 

9,860 

12,072 

14,261 

19,129 

20,579 

12, 157 

*  11,962 

6  7  14,  799 

• 7  20, 700 

6  7  9,265 

6  7  13,  725 

(') 
(») 
(3) 
(») 
(») 
519 
816 
691 
1,015 
763 
1,172 
1,089 
•  1,611 
«  1,685 
«400 
35 
175 

2,429 

(') 

0) 
1,614 

(') 
1,104 
730 
959 
1,111 
1,177 
1,082 

(') 

(') 

(') 

h 

(0 

1918-19. 

1919-20 

1920-21... 

16,  621 

286 
274 
322 
271 
255 
760 
1,214 
1,294 
1,281 
595 
531 
(>) 
(') 
(3) 

(2) 
(2) 
(2) 

g 

1921-22 

1922-23 

(4) 
M 

(<) 
129 
311 

269 
(0 
0) 
(') 
(') 

M 

(0 

9,671 
11,406 
13,  722 
16,  516 
21,380 
23,102 

1923-24 

1924-25 

1925-26. 

1 

(J) 

1 

1926-27 

1927-28 

1928-29 

2 

1929-30 

(3) 
60 

1930-31 

1931-32 

(3) 

h 

(3) 

1932-33 .. 

1933-34 

1  Not  enumerated. 

3  Included  with  figure  in  preceding  column. 

3  Not  available. 

4  Included  in  European  production. 
8  Less  than  500  pounds. 

6  Estimated  on  basis  of  cooperative  receipts  representing  over  70  percent  of  the  crop;  census  figures  for 
1929-30  used  as  a  basis  for  estimating  the  remaining  30  percent.  In  previous  years  census  enumerations 
were  below  actual  deliveries;  in  1930,  9  percent  for  Virginian,  15  percent  for  Turkish. 

7  Including  80,000  pounds  of  flue-cured  in  1930-31;  507,000  pounds  in  1931-32,  533,000  pounds  in  1932-33 
and  1,350,000  pounds  in  1933-34. 

XTnion  of  South  Africa  agricultural  census  reports  and  agricultural  officer,  Mbabane,  Swaziland. 
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A  small  quantity  of  tobacco  is  grown  in  Swaziland  near  the  Piei; 
Retief  district  in  the  Union.  Nearly  all  of  this  production  is  by 
Europeans.  Acreage  increased  from  267  acres  in  1923-24  to  1,865 
acres  in  1927-28  but  then  dropped  to  489  acres  in  1930-31.  Pro- 
duction varied  accordingly  from  279,000  pounds  up  to  1,295,000 
pounds  and  then  back  to  591,000  pounds.  This  tobacco  is  marketed 
in  the  Union.  In  fact,  it  is  marketed  under  the  compulsory  coopera- 
tion law  of  the  Union.  It  may  be  considered  as  an  additional  part 
of  the  Union's  supply. 

The  production  of  tobacco  has  been  attempted  in  South-West 
Africa,  but  the  1923-24  crop  of  130,000  pounds  is  the  highest 
reported,  and  since  then  production  has  been  insignificant. 


Figubb  65. — Early-planted  tobacco  near  Brits,  Transvaal  Province.  The  bottom  leaves 
have  been  damaged  by  hail.  The  plants  had  already  been  topped  when  photographed 
Jan.  23,  1932. 

METHODS  AND  COSTS  OF  PRODUCTION   OF  VIRGINIAN-TYPE  TOBACCO 

Virginian-tobacco  production  is  scattered  throughout  the  entire 
coastal  area  and  throughout  the  Transvaal,  particularly  in  the  west- 
ern Transvaal.  The  Virginian-tobacco  production  is  centered  in 
Transvaal,  particularly  in  the  magisterial  districts  of  Brits  and  Kus- 
tenburg,  lying  just  northwest  of  Pretoria  (fig.  65).  Minor  produc- 
ing areas  are  in  eastern  Transvaal  in  the  vicinity  of  Barberton,  along 
the  coast  just  north  and  south  of  Durban,  in  the  Kat  Kiver  Valley 
between  East  London  and  Port  Elizabeth,  in  the  vicinity  of  Oudts- 
hoorn  (which  is  between  Port  Elizabeth  and  Capetown),  and  to  a 
slight  degree  in  the  irrigated  areas  around  Piquetburg  and  Clan- 
william.  These  minor  areas  produce  chiefly  a  heavy  dark  tobacco 
used  for  pipe  tobacco,  snuff,  or  the  native  trade. 

The  principal  tobacco-producing  region  in  western  Transvaal  is 
characterized  by  gently  rolling  land  at  elevations  approximating 
4,000  feet  above  sea  level,  a  frost  period  of  about  70  days,  and  an 
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annual  rainfall  of  about  25  inches,  most  of  which  falls  in  the  summer 
months  between  November  and  March  (table  98).  As  irrigation  is 
almost  always  necessary,  the  tobacco  areas  follow  the  small  rivers, 
most  of  which  are  dry  until  the  summer  rains  come.  In  a  few  in- 
stances storage  reservoirs  normally  provide  water  at  all  seasons. 
The  soil  is  the  calcareous  yet  sticky  black  turf,  red  loam,  or  brown 
sand. 


Table  98. — Normal  rainfall  and  seasonal  tobacco  operation* 

of  South  Africa 


Transvaal,  Union 


Month 


January.... 
February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


Rainfall  at- 


Rustenburg  Brits  Nylstroom 


Total. 


Inches 
4. 
3. 
4. 
1. 


13 


.83 
.11 
.31 
.55 
.62 
1.70 
3.59 
3.87 


25.17 


Inches 

4.32 

3.74 

4.32 

1.78 

1.12 

.10 

.16 

.40 

.70 

2.13 

3.76 

4.01 


26.54 


Inches 

5.62 

3.55 

4.22 

1.17 

.64 

.14 

.17 

.54 

.45 

1.88 

3.71 

3.84 


25.93 


Tobacco  operation 


Top  and  sucker. 
Spray  and  sucker. 
Harvest  and  cure. 
Sow  wheat. 
Market  tobacco. 
Do. 

Sow  tobacco  seed  beds. 

Harvest  wheat. 

Plant  tobacco  and  corn. 

Cultivate  tobacco. 


In  the  Brits  tobacco  area  there  are  about  800  settlers  who  have 
acquired  land  from  the  Government  under  the  Hartebeestpoort  irri- 
gation project.  In  addition,  there  are  about  600  private  owners  with 
private  water  rights  who  own  over  half  of  the  land  in  this  area.  The 
800  settlers  produced  about  1,000,000  pounds  of  tobacco  in  1931  and 
the  600  private  owners  about  700,000  pounds. 

The  future  of  tobacco  production  can  be  better  judged  if  a  typical 
tobacco  farm  can  be  visualized  showing  tobacco  production  in  rela- 
tion to  the  other  competing  enterprises. 

Tobacco  farms  in  the  Union  are  usually  well  diversified  as  to 
sources  of  income.  The  average  tobacco  farm  in  the  western  Trans- 
vaal, as  determined  by  a  farm-management  study,  consists  of  676 
acres  including  28  acres  of  irrigable  land,  49  acres  of  dry  land,  1 
acre  of  orchard,  and  598  acres  of  grazing  land.  About  17  acres  of 
grazing  land  per  animal  unit  is  required,  not  considering  the  cattle 
and  other  livestock  belonging  to  native  squatters  who  live  on  the 
owner's  farm.  Livestock  valued  at  $1,067  consists  chiefly  of  2  or 
3  spans  of  8  to  14  oxen  (worth  about  $30  per  ox),  a  few  oxen  being 
fattened  for  slaughter,  9  cows,  and  an  occasional  team  of  horses, 
donkeys,  or  mules.  Horses  and  sheep  are  unprofitable  owing  to  cer- 
tain diseases  that  occur  in  this  region.  Dairy  products,  poultry,  and 
hogs  are  produced  for  home  consumption.  Machinery  averages  $638 
per  farm,  improvements  $2,927,  and  the  land  itself  $6,661  (about 
$10  per  acre)    {28). 

Tobacco  averages  9.7  acres,  wheat  10.2  acres,  corn  18.9  acres,  and 
other  crops  3.6  acres  per  farm.  Over  half  the  tobacco  growers 
have  less  than  6  acres  of  tobacco.     The  average  yield    (1927-28) 
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on  131  tobacco  farms  was  687  pounds  per  acre,  worth  11  cents  per 
pound,  although  8  farms  had  over  1,400  pounds  per  acre  worth 
14%  cents  per  pound.  Wheat  yielded  16  bushels  and  corn  10 
bushels.     Corn  is  seldom  grown  on  irrigated  land. 

The  tobacco  land  is  usually  rested  a  year  after  the  wheat  crop  is 
harvested.  The  average  income  in  1927-28  consisted  of  tobacco  $740, 
wheat  $181,  cotton  $55,  other  crops  $171,  livestock  sales  $138,  live- 
stock products  $23,  and  other  receipts  $31.  The  value  of  home-used 
products  was  $236.  Expenses  for  hired  labor,  $487,  were  40  percent 
of  total  farm  expenses.  The  average  wage  rate  was  $1.21  per  day 
for  Europeans  and  41  cents  per  day  for  natives.  The  net  income 
averaged  $548,  which  even  in  that  year  of  favorable  prices  was  not 
sufficient  to  cover  the  interest  and  the  value  of  family  labor.  Only 
7  out  of  131  farmers  earned  over  $1,000  for  their  own  labor. 

The  average  cost  of  producing  tobacco  was  $91  per  acre,  of  which 
man  labor  was  52  percent,  animal  labor  2.2  percent,  fertilizer  7.3 
percent,  and  interest  on  land  11.7  percent  (including  tobacco  land 
resting  as  well  as  in  crop).  It  required  about  72  clays  of  man  labor 
and  58  days  of  animal  labor  per  acre  of  tobacco.  Fertilizer  con- 
sisted of  3%  tons  of  kraal  manure  and  247  pounds  of  commercial 
fertilizer.  The  cost  per  pound  in  this  particular  year  and  on  these 
farms  averaged  13  cents,  which  was  2  cents  more  than  the  average 
price  received.  The  cost  per  acre  is  generally  considered  to  be  about 
$75,  as  compared  with  $100  for  Turkish  tobacco  grown  near  Cape- 
town (33,  p.  155). 

The  most  remarkable  feature  in  the  management  of  these  farms 
is  the  use  of  so  many  oxen  at  so  low  a  cost  per  day,  3.6  cents  per 
ox.  A  span  of  14  oxen  costs  only  one-tenth  as  much  per  day  as  a 
team  of  four  horses  in  Virginia.  Oxen  are  eventually  fattened  for 
slaughter  and  do  not  depreciate  in  value.  Grazing,  sometimes  for- 
age, and  interest,  constitute  the  principal  costs  of  animal  labor.  The 
low  cost  of  man  labor  (41  cents  a  day  for  natives)  is  also  surprising 
to  Americans. 

The  average  presents  a  somewhat  distorted  picture  owing  to  the 
inclusion  of  large  farms  in  the  Nylstroom  (Waterburg)  district. 
Around  Brits  (below  the  Hartebeestpoort  Dam)  there  is  much  less 
grazing  land,  little  corn  is  planted,  and  there  is  almost  no  dry  land 
cropping,  while  the  value  of  the  land  per  acre  is  much  higher  ($35  to 
$75  per  acre).  Tobacco  yields  around  Brits  are  15  to  20  percent 
higher  than  the  average  quoted  above. 

Practically  all  of  the  tobacco  produced  in  the  Union  is  air-cured 
and  dark.  There  is  no  open  fire-curing.  The  principal  varieties 
grown  for  air-curing  are  Piet  Retief  Swazie,  Groot  Swazie,  and  Kort 
Swazie,  while  Joiner  is  an  important  light  tobacco  and  Sterling  an 
important  red  tobacco. 

The  most  common  tobacco  grown  for  air-curing  is  Boer  grown 
from  a  seed  of  unknown  origin,  from  which  improved  strains  are 
now  being  selected.  Swazi-boer  tobacco  is  one  of  these  strains.  It 
is  a  leaf  of  considerable  body  and  high  wax  content  and  produces 
tobacco  that  cures  with  a  dark  or  light  color,  depending  upon  the 
characteristics  of  the  soil.  Two  varieties  of  tobacco  are  begin- 
ning to  be  flue-cured  in  the  Rustenburg- Brits  area — Hickory  Pryor 
and  Amorilla.     The  former  is  grown  from  seed  obtained  in  the 
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United  States,  while  the  latter  is  grown  from  seed  obtained  origi- 
nally from  Brazil.  Amorilla  is,  in  many  respects,  similar  to  white 
burley,  such  as  is  grown  in  the  United  States. 

Higher  prices  are  paid  for  the  light  tobacco  because  of  color 
preference  on  the  part  of  the  consumer,  in  spite  of  the  fact  that 
dealers  claim  the  dark  tobacco  is  often  sweeter,  and  much  better 
flavored  than  the  light.  In  the  Kustenburg  area  nearly  40  percent 
was  classed  as  light  leaf  in  1930,  but  for  the  entire  Union  the  per- 
centage was  only  12.  An  effort  was  made  in  the  Kustenburg  area 
to  produce  50  percent  light  tobacco  in  1930,  but  this  goal  was  not 
reached,  owing  to  heavy  rains  that  occurred  during  the  ripening 
and  curing  season. 

With  proper  care  and  attention  seed  sown  in  July  and  August 
will  give  plants  in  October  and  November,  which  are  usually  the 
best  months  for  planting.  Seed  beds  are  burned,  prepared,  planted, 
and  covered  with  cloth,  as  in  the  United  States.  From  5,000  to 
7,500  plants  are  set  per  acre.  Tobacco  plants  are  transplanted 
to  lands  from  which  winter  wheat  has  been  harvested.  Lack  of 
moisture  often  delays  part  or  all  of  the  planting,  and  additional 
seed  beds  are  planted  in  September.  In  the  Kustenburg  area  on 
January  29,  1932,  some  of  the  tobacco  crops  had  been  harvested  for 
3  or  4  weeks,  while  other  crops,  planted  later,  showed  only  2  to  4 
leaves,  and  there  was  still  talk  of  planting  additional  fields  if 
rains  were  obtained  within  the  next  2  weeks. 

The  acreage  planted  to  tobacco  depends  partly  on  the  success  of 
the  farmers  in  getting  an  ample  supply  of  plants  from  their  seed 
beds.  This  in  turn  depends  upon  the  germination  of  seed,  the 
effects  of  drought,  earth  fleas,  and  wildfire.  The  weather  at  har- 
vesting time  determines  in  some  measure  the  proportion  of  the 
crop  that  will  be  of  the  cigarette  type,  heavy  rains  being  unsuitable 
(7,  p.  489). % 

The  application  of  phosphates,  and  to  a  small  extent  potash,  in- 
creases the  percentage  of  cigarette  leaf,  while  nitrogen  decreases 
it.  Lime  had  no  bad  effect  on  the  quality  of  the  leaf  produced  on 
the  acid  soil.  Kraal  manure  gives  the  largest  yield,  and  the  largest 
profit,  but  it  gives  a  lower  percentage  of  cigarette  leaf  than  does 
the  complete  fertilizer.  A  combination  of  kraal  manure  and  phos- 
phates gives  the  highest  yield  of  good-quality  tobacco,  providing 
the  nitrogen  content  is  not  too  high. 

Delivery  of  Virginian  tobacco  to  the  warehouses  begins  in  April 
and  reaches  its  peak  in  July.  Most  of  the  flue-cured  tobacco  in  the 
Union  is  cured  and  delivered  in  February  to  April.  The  air-cured 
tobacco  takes  longer  to  cure,  but  most  of  it  is  cured  by  June.  It  is 
delivered  over  a  period  extending  to  September  or  October  (figs.  66 
and  67) . 

Tobacco  produced  in  the  Union  is  generally  considered  too  low 
in  quality  for  export  without  Government  aid.  Before  1922,  apart 
from  Turkish  tobacco,  the  quantity  of  cigarette  leaf  obtained  from 
the  LTnion  crop  was  from  15  to  18  percent  in  the  large  producing 
districts  of  the  Transvaal,  from  10  to  12  percent  in  Oudtshoorn  dis- 
tricts, and  only  5  percent  in  some  other  districts.  The  bulk  of  the 
tobacco  was  suited  only  for  various  grades  of  pipe  and  roll  tobacco. 
The  imposition  of  an  excise  duty,  at  the  same  time  overproduction 
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occurred,  destroyed  the  demand  for  inferior  grades,  and  reduced  de- 
mand for  the  darker  types  of  tobacco.  Farmers,  therefore,  found  it 
advantageous  to  adopt  improved  methods  of  curing  which  would 
result  in  a  higher  proportion  of  cigarette  leaf  (fig.  68). 


Figure  66. — A  typical  grass-thatched  shed  used  for  air-curing  tobacco  near  Rustenburj 
Transvaal  Province.     The  shed  was  being  filled  on  February  1,  1932. 


Figure  67. — A  typical  air-curing  shed  roofed  with  corrugated  iron. 
16.  1931,  near  Brits,  Transvaal  Province,  when  filled  with  tobacco, 
rainy  weather  to  discolor  part  of  the  tobacco. 


Photographed  May 
These  sheds  permit 


Most  of  the  Union  tobacco  crop,  except  Turkish,  is  cut  with  whole 
stalk  rather  than  primed  or  cut  with  split  stalk.  Experiments  have 
shown,  however,  that  the  percentage  of  cigarette  leaf  has  been 
increased  by  the  practice  of  priming. 

Some  of  the  air-curing  sheds  are  built  of  grass;  except  in  wet 
weather  the.se  give  satisfactory  results  (fig.  66).  Tobacco  grown  on 
the  black  turf  soils  in  Rustenburg  tends  to  turn  yellow  on  the  land 
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and  to  cure  out  a  better  color  in  a  corrugated-iron  curing  shed  in 
which  curing  is  hastened.  Virginian  types  grown  in  the  summer- 
rainfall  area  are  particularly  subject  to  damage  through  excessive 
rains  during  the  drying  period.  The  tobacco  may  actually  rot  in 
the  shed,  or  the  leaves  may  become  darkened  and  unfit  for  the  ciga- 
rette trade,  which  prefers  yellow-cured  leaves,  so  that  the  tobacco 
must  be  used  for  pipe  tobacco.  When  the  tobacco  is  properly  condi- 
tioned the  leaf  is  graded  into  several  grades  according  to  color  and 
other  quality  characteristics.  These  separate  grades  are  stacked  in 
bulks  about  6  feet 
wide  and  about  6 
feet  high,  where 
they  remain  for  6  or 
8  weeks  before  be- 
ing baled  and  sent 
to  market  or  to  the 
cooperative  ware- 
house. 

Tobacco  pests  and 
diseases  cause  con- 
siderable annual 
loss.  Tobacco  leaf 
beetle  (Lema  bill- 
meat  a)  occurs  gen- 
erally throughout 
South  Africa  ex- 
cepting in  the  Turk- 
ish -  tobacco  area. 
Wildfire  (Bacte- 
rium tobacum)  and 
angular  spot  occur 
in  Turkish-tobacco 
districts  and  Vir- 
ginian districts  in 
Transvaal    as    well 


Figure  68. — One  of  about  500  new  flue-curing  tobacco  barns 
built  near  Rustenburg  during  19:10  to  1933. 


as  in  Rhodesia.  Tobacco  mosaic  appears  both  on  Virginian  and 
Turkish  tobacco.  Tobacco  wilt,  caused  by  fungus  (Fwarium  oxy- 
sporum),  has  occurred  in  the  Kat  River  Valley. 

Tobacco  yields  per  acre  in  the  Union  of  South  Africa,  as  reported 
by  the  census,  are  conspicuously  low.  They  are  not  influenced  by 
yields  on  the  acreage  grown  by  natives  since  the  census  does  not 
enumerate  native  acreages.  The  averages  are  based  entirely  on  Eu- 
ropean production.  Variations  during  the  7-year  period  for  which 
such  information  is  available  are  enlightening  (table  99). 

METHODS   AND    COSTS    OF   PRODUCTION    OF   TURKISH    TOBACCO 

Turkish-tobacco  production  is  confined  to  six  magisterial  districts 
located  within  80  miles  of  Capetown  in  the  winter-rainfall  area.  The 
principal  districts  are  Stellenbosch,  Somerset  West,  Paarl,  Welling- 
ton, and  Tulbagh.  The  southern  portion  centers  around  Stellenbosch 
and  Somerset  West,  the  northern  portion  around  Malmesbury  and 
Tulbagh.     The  southern  area  has  produced  in  recent  years  75  percent 
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of  the  Turkish-tobacco  production  of  the  western  Cape  Province.  The 
expansion  of  Turkish-tobacco  acreage  and  production  has  been  more 
moderate,  but  contraction  has  already  set  in  because  exportation  of 
South  African  Turkish  tobacco  has  not  been  found  to  be  possible. 

Table  99. — Tobacco:  Yields  per  acre,  on  land  occupied  by  Europeans,   Union 
of  South  Africa,  1922-23  to  1929-30 


Year 

beginning 

July  1 

Virginian 
type 

Turkish 
type 

Year 

beginning 

July  1 

Virginian 
type 

Turkish 

type 

Year 

beginning 

July  1 

Virginian 
type 

Turkish 
type 

1922-23-..- 

1923-24 

1924-25 

Pounds 
456 
507 
545 

Pounds 
313 
372 
496 

1925-26---. 

1926-27 

1927-28 

Pounds 
586 
512 
542 

Pounds 
536 
380 

467 

1928-29 

1929-301  — 

Pounds 
562 
618 

Pounds 
385 
585 

Calculated  on  production  as  estimated  from  deliveries  instead  of  as  enumerated  by  the  census. 

The  peculiar  geographical  advantages  which  determine  the  loca- 
tion of  Turkish-tobacco  growing  in  these  areas  are :  (1)  Annual  rain- 
fall of  approximately  25  inches,  most  of  which  comes  during  the 
winter,  (2)  hot  and  dry  summers  with  infrequent  rains,  (3)  proxim- 
ity to  the  coast,  and  (4)  suitable  soils,  including  red  loam,  red  clay 
loam,  blue-gray  loam,  and  sandy  loam,  all  of  which  are  free  from 
excessive  clay,  are  well  drained  and  not  too  wet. 

Turkish-tobacco  seeds  were  introduced  from  Turkey  in  1903.  In 
1904,  2  acres  of  Soulook  variety  were  planted  and  produced  nearly 
1,000  pounds.  In  1908,  production  amounted  to  10,000  pounds;  in 
1909,  16,000  pounds ;  in  1910,  56,700  pounds.  The  1930-31  crop  of 
Turkish  tobacco  in  the  Union  amounted  to  approximately  750,000 
pounds.  The  price  ranged  from  24  to  67  cents  per  pound  according 
to  quality,  averaging  approximately  55  cents  per  pound.  In  1921  the 
production  was  still  less  than  the  demand  in  the  Union,  but  in  South- 
ern Rhodesia  Turkish-tobacco  production,  only  recently  begun,  had 
already  approached  an  annual  production  of  500,000  pounds  {39). 

In  1923  Soulook  was  the  only  variety  grown  although  it  constitutes 
only  25  percent  of  the  proper  Turkish  cigarette.  Macedonian  and 
Thracian  types  supply  about  50  percent  of  the  Turkish  tobacco  used 
and  Samsoun  makes  up  the  remaining  25  percent  of  the  blend  (39) . 

Turkish-tobacco  varieties  now  include  Soulook,  a  heavy-bearing 
variety  of  excellent  quality,  and  Dubek,  the  hardiest  of  all  Turkish- 
tobacco  varieties.  It  is  considered  desirable  to  grow  several  recog- 
nized varieties  of  Turkish  tobacco,  not  only  Soulook,  but  the  Ka valla, 
Samsoun,  and  Bafra  which  are  necessary  for  the  proper  blend  in 
Turkish  cigarettes. 

Seed  beds  are  prepared,  fertilized,  and  planted  in  May  and  June. 
If  this  midwinter  season  is  too  dry,  the  plants  are  watered  by  hand. 
The  tobacco  lands  are  well  cultivated  during  the  winter  rainy  season, 
fertilized  with  iy2  to  3  tons  of  sheep  manure  per  acre,  plowed  repeat- 
edly, and  in  September  fertilized  with  300  to  500  pounds  of  fertilizer 
per  acre.  In  September  the  tobacco  plants  are  transplanted  8  inches 
apart  in  rows  3  feet  apart.  The  rainfall  after  September  is  usually 
very  small.  Thereafter  the  land  is  regularly  cultivated,  but  the  plants 
are  not  irrigated  and  are  not  topped. 
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Harvesting  begins  in  November  and  continues  to  the  last  of  Feb- 
ruary. The  leaves  are  picked  at  intervals  of  about  12  days,  beginning 
at  the  bottom.  Three  or  four  leaves  are  picked  each  time.  The 
leaves  are  then  classed  according  to  size,  strung  on  needles,  and 
stripped  oft'  onto  strings  tied  to  reeds.  The  leaves  are  then  wilted 
for  3  or  4  days  in  a  cool,  dark  room  with  moderate  ventilation  for 
the  development  of  a  yellow  color.  They  are  then  transferred  to 
the  racks  in  the  open  for  further  drying.  Canvas  may  be  used  to 
protect  the  leaves  from  wind  and  excessive  sun.  After  15  or  20  days 
the  reeds  of  tobacco  are  spread  on  grass  lawns,  dry  grass,  or  canvas, 
constituting  the  drying  camp.  The  leaves  are  turned  every  morning 
and  left  until  the  midrib  is  quite  dry.  The  tobacco  is  then  stacked 
in  a  shed,  graded,  and  baled  into  bales  weighing  about  80  pounds. 
These  bales  are  sent  to  the  Cooperative  Tobacco  Growers'  Co.  which, 
under  compulsory  cooperation,  handles  all  of  the  tobacco. 

The  average  tobacco  farm,  as  revealed  in  a  farm-management 
study,  contained  400  acres,  of  which  143  acres  were  in  crops  con- 
sisting of  18  acres  in  tobacco,  44  acres  in  wine  grapes,  13  acres  in 
fruit  trees,  59  acres  in  grain  (chiefly  wheat  and  oats),  and  9  acres  in 
other  crops.  Livestock  is  unimportant  and  consists  usually  of  a  few 
mules,  1  or  2  horses,  a  few  cows,  and  a  number  of  pigs  and  fowl. 
On  a  few  farms  dairy  and  poultry  farming  is  carried  on  as  a  supple- 
mentary enterprise. 

These  69  tobacco  farms  ranged  in  size  from  8y2  acres  to  3,950  acres, 
but  40  of  them  had  less  than  315  acres,  and  only  11  had  less  than 
104  acres. 

The  acreage  of  tobacco  per  farm  on  these  69  farms  varied  widely. 
One  farm  had  less  than  6  acres,  while  eight  farms  had  more  than  27 
acres.  The  most  common  acreages  were  approximately  11  acres  and, 
again,  24  acres.  Half  of  the  farms  had  less  than  17  acres  of  tobacco. 
Tobacco  farming  was  most  profitable  when  combined  with  wine  pro- 
duction as  the  labor  distribution  is  then  more  equal.  Tobacco  is  har- 
vested from  December  to  February  or  March,  whereas  wine  making 
begins  in  February  or  March.  Only  10  of  the  farms  had  no  vine- 
yard, and  1  farm  had  as  much  as  190  acres.  On  the  other  hand  23 
farms  had  no  orchard;  and  the  largest  orchard  on  these  farms  was 
only  74  acres. 

Of  these  farms,  17  grew  no  grain,  but  5  farms  grew  more  than  200 
acres,  the  maximum  being  468  acres.  The  grain  farms  occur  chiefly 
in  the  northern  area  near  Malmesbury. 

The  average  value  of  these  farms  was  £7,416  ($36,091),  of  which 
£4,812  ($23,418)  was  land,  £1,913  ($9,310)  buildings  and  improve- 
ments, £417  ($2,029)  equipment,  and  £274  ($1,333)  livestock.  The 
average  value  per  acre  of  land  was  $49.  In  the  southern  area,  where 
the  farms  are  smaller  and  better  suited  for  fruit  growing,  the  aver- 
age value  was  $68  per  acre,  while  in  the  northern  semigrain  area,  the 
average  was  $21. 

The  year  1929-30  must  have  been  a  profitable  year  in  this  area. 
Operator's  earnings  averaged  $1,353  after  allowing  5  percent  interest 
on  capital.  Receipts  averaged  £1,598  ($7,777),  of  which  52  percent 
was  from  tobacco  and  24  percent  from  wine.  Expenses  averaged 
£964  ($4,691),  of  which  £110  ($535)  was  for  European  labor,  £383 
($1,864)  for  colored  labor,  and  £147  ($715)  for  fertilizer.    Operator's 
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earnings  increased  at  least  to  a  certain  point  in  proportion  to  increase 
in  size  of  farm,  in  proportion  to  increase  in  capital  investment,  in 
proportion  to  the  increase  in  labor  expenses;  increased  slightly  in 
proportion  to  the  percentage  receipts  from  tobacco,  and  more  notice- 
ably in  proportion  to  the  receipts  from  wine.  The  very  large  farms 
made  poor  use  of  their  pasturage  and  did  not  justify  the  capitaliza- 
tion placed  upon  these  lands. 

The  average  yield  of  tobacco  per  acre  was  564  pounds.  There 
was  1  farm  with  less  than  190  pounds  per  acre  and  at  the  other  ex- 
treme 1  farm  with  over  850  pounds  per  acre,  but  the  majority  had 
yields  between  475  and  750  pounds  per  acre.  The  10  most  profitable 
farms  averaged  728  pounds  per  acre  with  an  average  production  cost 
of  14  cents  per  pound,  including  land  rent,  while  the  10  least  profit- 
able farms  averaged  only  292  pounds  per  acre,  the  average  production 
cost  of  which  was  42  cents  per  pound,  including  land  rent. 

Turkish-tobacco  yields  are  very  low  in  every  producing  district. 
This  is  more  readily  understood  since  Turkish  tobacco  is  grown 
without  irrigation  in  the  winter-rainfall  area  where  there  is  prac- 
tically no  rain  except  at  the  beginning  of  the  growing  season.  Turk- 
ish-tobacco yields  were  lowest  in  the  Paarl  district,  where  the 
acreage  has  been  consistently  declining,  and  in  the  outlying  and 
unimportant  district  of  Ceres.  Turkish-tobacco  yields  are  highest  in 
Stellenbosch  and  Somerset  West,  where  the  acreage  has  been  increas- 
ing most  rapidly. 

The  price  received  per  pound  averaged  40  cents,  but  varied  widely. 
One  farmer  received  26  cents  per  pound,  whereas  at  the  other  extreme 
two  farmers  received  more  than  57  cents  per  pound,  but  the  majority 
received  between  36  cents  and  42  cents  per  pound.  There  was  no 
apparent  relation  between  the  yield  per  acre  and  the  quality  of  the 
crop  as  measured  by  the  price  received. 

The  chief  expenses  were  for  wages.  The  average  expenses  per 
farm  were  as  follows : 

Wages  of  Europeans $586.  8S 

Wages  of  regular  colored  labor 1,419.15 

Wages  of  temporary  colored  labor  (chiefly  women  and  children) 444.27 

Operating  expenses 1,205.  75 

Livestock 256.28 

Equipment   repairs 115. 19 

Depreciation  on  equipment 181.72 

Depreciation  on  improvements 406.  56 

Total 4,  565.  80 

The  monthly  wages  of  the  European  foreman  averaged  £4  ($19.47) 
cash,  and  £5  ($24.33)  for  board  and  lodging.  The  average  daily 
wage  for  adult  colored  labor  was  2  shillings  6  pence  (61  cents)  in 
cash,  3  pence  (6  cents)  in  wine  (6  tots),  and  3  pence  (6  cents)  for 
a  dwelling  house.  The  daily  cost  of  colored  children  was  1  shilling 
6  pence  (36  cents)  cash,  with  nothing  additional  for  wine  or  extra 
accommodation.  The  average  annual  wage  rate  of  a  white  foreman 
was  £108  ($525.59),  representing  continuous  supervision,  while  the 
average  annual  wage  of  adult  colored  laborers,  £39  ($189.80),  and 
of  colored  youngsters  £19%  ($94.90),  represents  only  5  days  of  work 
per  week. 
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The  lowest  production  cost  per  pound  was  11  cents  and  the  highest 
67  cents.  The  lowest  price  received  was  27  cents  per  pound  and  the 
highest  71  cents.  The  average  cost  per  pound  was  23  cents  as  com- 
pared with  an  average  price  of  40  cents.  The  profitableness  of  the 
Turkish-tobacco  enterprise  in  1929-30  is  evidenced  by  the  fact  that 
only  5  of  the  69  growers  received  a  price  lower  than  cost  of 
production. 

METHODS  OF  MARKETING 

Eight  cooperative  tobacco  associations  handle  tobacco  in  the  Union. 
Five  of  these  are  companies  with  limited  liability,  while  three  are 
societies  with  unlimited  liability.  The  total  membership  in  1929 
was  8,374,  and  the  total  value  of  tobacco  sold  for  members  was 
$1,935,257. 

The  conditions  that  surround  the  marketing  of  tobacco  in  South 
Africa  are  somewhat  unique.  The  Cooperative  Societies  Act  of  1922 
was  amended  in  1925  so  that  all  the  tobacco  grown  in  certain  desig- 
nated districts  must  be  delivered  to  the  cooperative  associations.  The 
significant  clause  is  the  frequently  mentioned  section  17  of  the 
amended  act,  which  reads  in  part  as  follows : 

(1)  Whenever  the  Minister  is  satisfied  that  in  any  district,  area,  or  province, 
at  least  seventy-five  percent  of  the  producers  of  any  kind  of  agricultural 
product  are  the  producers  of  at  least  seventy-five  per  cent  of  such  produce  pro- 
duced in  that  district,  area,  or  province  and  are  members  of  a  cooperative  agri- 
cultural society  or  company  registered  under  the  principal  Act,  or  any  amend- 
ment thereof,  and  which  has  as  one  of  its  objects  the  disposal  of  that  kind  of 
agricultural  produce,  the  Minister  may,  at  the  request  of  such  society  or 
company,  by  notice  in  the  Gazette  declare  that,  from  a  date  to  be  stated  in  the 
notice,  each  producer  of  that  kind  of  produce,  in  such  district,  area,  or  province 
as  shall  be  named  in  the  notice,  shall  sell  such  produce  produced  by  him  through 
the  said  society  or  company  whether  he  be  a  member  thereof  or  not.  .  . 

(5)  For  the  purpose  of  this  section  the  term  "  agricultural  produce  "  means 
tobacco,  and  shall  also  include  any  other  product  derived  by  farming  opera- 
tions whether  or  not  such  product  has  undergone  a  change  of  form  as  the 
result  of  some  process  applied  to  it,  if  the  Governor  General  under  the  author- 
ity of  a  resolution  of  both  Houses  of  Parliament,  has,  by  proclamation  in  the 
Gazette  declared  such  product  to  be  agricultural  Produce. 

The  Western  Province  Tobacco  Growers  Co.,  a  cooperative, 
controls  the  sale  of  all  the  tobacco  grown  in  the  six  important  Turk- 
ish-tobacco growing  districts  near  Capetown.  Seven  other  tobacco 
associations  deal  with  the  Virginian  type  of  tobacco  and  control 
approximately  92  percent  of  that  type  of  leaf  grown  in  South  Africa. 
Compulsory  cooperation  has  been  applied  to  the  areas  in  which  the 
Magaliesberg,  Pietersburg,  Vaal  River,  Piet  Retief,  Paulpietersburg, 
and  the  Kango  associations  operate,  but  not  to  the  Kat  River  and 
Barberton  areas. 

The  associations  handling  Virginian  tobacco,  with  the  exception 
of  the  Kat  River  Tobacco  Co.,  are  all  members  of  the  Sentrale  Koop- 
eratiewe  Tabakmaatskappy  van  Suid  Afrika,  Beperk,  which  leaves 
the  actual  sale  of  the  tobacco  to  the  member  association,  but  attempts 
to  obtain  uniformity  in  price  policies.  Before  the  compulsory  co- 
operation legislation  came  into  effect  in  1925,  there  were  three  cooper- 
ative tobacco  associations  with  a  combined  membership  of  3,752,  and 
a  general  produce  association  which  handled  a  large  quantity  of 
tobacco,  with  a  membership  of  about  200.     These  associations,  long 
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established,  had  done  much  to  improve  tobacco-marketing  conditions. 
Since  1925  the  local  associations  have  increased  to  seven  in  number 
and  their  combined  membership  to  nearly  8,800.  The  Sentrale 
association  is  the  eighth.  The  remarkable  increase  in  production 
between  1925  and  1928  was  partly  attributable  to  the  confidence  in- 
spired by  compulsory  cooperation,  but  recent  accumulation  of  stocks, 
for  which  greatly  reduced  prices  have  more  recently  been  accepted, 
have  served  to  emphasize  the  limitations  of  compulsory  cooperation. 
(60,  p.  32.) 

Farmers  in  the  outlying  districts,  inaccessible  to  the  cooperative 
warehouses,  sell  their  tobacco  to  local  storekeepers  frequently  on 
the  basis  of  half  cash  and  half  trade.  The  better  the  customer  the 
better  price  the  storekeeper  is  inclined  to  offer,  regardless  of  quality 
(17).  Some  manufacturers  send  itinerant  buyers  to  deal  directly 
with  farmers.  Some  farmers  buy  from  their  neighbors  tobacco  that 
they  manufacture  into  rolls  and  dispose  of  on  a  "  tog  "  or  trading 
expedition  (17,  p.  338) . 

The  effect  of  a  high  tax  on  heavy  and  dark  tobacco  is  to  induce 
natives  to  produce  at  their  own  kraals  tobacco  sufficient  for  their  own 
use  and  a  surplus  for  sale  to  their  friends. 

The  Union  Department  of  Agriculture  actively  promotes  coopera- 
tive organization  by  favorable  legislation  and  otherwise.  In  1924 
loans  were  granted  to  two  cooperative  tobacco  societies  at  Magalies- 
berg  and  western  Cape  Province  to  enable  them  to  expand  their 
work.  The  Government  also  agreed  to  make  loans  to  farmers  at 
Oudtshoorn,  Stockenstroom,  and  Piet  Retief  for  the  erection  of  a 
warehouse  at  each  of  these  places  on  condition  that  a  cooperative 
society  be  formed  which  would  make  itself  responsible  for  the  loan. 
The  loan  was  to  be  without  interest  for  5  years  and  repayable  there- 
after in  instalments  with  interest  (19,  p.  211). 

Railage  costs  are  very  small.  The  Government  railway  rates  on 
South  African  tobacco  railed  for  export  per  ton  of  2,000  pounds  are 
as  follows: 

100  miles $1.89 

200  miles 2.94 

300  miles 3.04 

500  miles 3.  28 

1,000  miles 4  26 

The  rail  distance  from  Johannesburg  to  Capetown  is  958  miles;- to 
Port  Elizabeth,  713  miles;  to  East  London,  666  miles;  and  to  Durban, 
486  miles. 

Since  1930  there  has  been  an  import  duty  of  85  cents  per  pound  on 
unmanufactured  tobacco,  excepting  a  quota  of  2,000,000  pounds  of 
Virginian  and  400,000  pounds  of  Turkish  from  Southern  Rhodesia, 
and  400,000  pounds  of  tobacco  from  Northern  Rhodesia.  In  addition 
there  is  an  excise  tax  levied  by  the  Government  on  tobacco  manufac- 
tured into  cigarettes  in  the  Union,  amounting  to  12  cents  per  pound. 
Compensating  duties  apply  to  manufactured  tobacco — $1.22  per 
pound  for  manufactured  tobacco  and  $1.95  per  pound  for  cigarettes. 
Stripped  tobacco  is  classed  as  manufactured.  On  manufactured  to- 
bacco and  cigarettes  from  the  Rhodesias  a  rebate  of  75  percent  is 
allowed. 
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In  addition  to  the  above,  a  cigarette  excise  tax  and  surtax  is  col- 
lected by  stamps  affixed  to  each  container  at  the  factory  or,  in  the  case 
of  imported  cigarettes,  at  or  before  the  time  of  importation.  This 
amounts  to  iy2  cents  for  each  half  ounce  net  weight  or  fraction  there- 
of (48  cents  per  pound)  and  is  applicable  to  all  cigarettes  manufac- 
tured in  the  Union  whether  they  are  from  tobacco  grown  or  produced 
in  the  Union,  or  from  imported  tobacco,  or  from  a  mixture  of  the  two, 
and  in  the  same  way  on  all  cigarettes  imported  for  consumption  in 
the  Union.  The  cigarette  surtax  law  has  remained  in  its  present 
form  since  1922,  and  the  excise  tax  of  12  cents  per  pound  has  pre- 
vailed since  1925. 

The  number  of  tobacco  factories  in  the  Union  has  varied  since  1915 
between  58  and  66,  the  number  in  1931  being  62.  The  57  factories  in 
the  year  1929-30  used  11,698,000  pounds  (68  percent)  of  tobacco 
grown  in  the  Union  of  South  Africa,  5,412,227  pounds  ot  tobacco  im- 
ported from  Rhodesia,  and  129,002  pounds  of  tobacco  imported  from 
other  countries.  The  cost  of  the  Union-grown  tobacco  was  $2,605,- 
777.  These  quantities  reflect  a  gradual  diminution  followed  by  an  in- 
crease (1927-28  to  1929-30)  in  the  quantities  of  Rhodesian  and  other 
imported  tobacco  and  an  increase  followed  by  a  decrease  in  the  pro- 
portion of  Union-produced  tobacco.  In  1925-26  the  ratio  between 
Rhodesian  and  Union-produced  tobacco  used  in  these  factories  was 
41  to  100,  in  1927-28  it  was  31  to  100,  and  in  1929-30  it  was  46  to  100. 
This  apparently  indicates  a  change  in  consumer  preferences  (table 
100). 

Table  100. — Tobacco:  Value  per  pound  entering  into  manufacture,   Union  of 
South  Africa,  1925-26  to  1929-30 


Origin 

1925-26 

1926-27 

1927-28 

1928-29 

1929-30 

Union  of  South  Africa    

Cents 
19 
35 
156 

Cents 
21 
42 
146 

Cents 
24 
42 
134 

Cents 
23 
34 
140 

Cents 
22 

Rhodesia 

30 

Imported 

38 

Other  materials  used  in  the  manufacture  of  tobacco  by  these  fac- 
tories in  1929-30  cost  $127,726,  not  including  the  cost  of  packing 
materials,  which  was  $1,584,683.  The  products  of  57  factories  in 
1929-30  consisted  of  2,650,814,592  cigarettes;  5,228,978  cigars  and 
cheroots;  10,927,872  pounds  of  smoking  tobacco;  and  93,286  pounds 
of  snuff;  and,  in  addition,  a  certain  quantity  of  sheep  dip  or  waste 
leaf  and  other  articles.  The  combined  value  of  these  manufactured 
articles  was  $13,387,245,  of  which  74  percent  was  cigarettes,  25  per- 
cent smoking  tobacco,  and  1  percent  cigars  and  cheroots.  The  aver- 
age value  of  cigarettes  was  $3.72  per  thousand ;  the  average  value  of 
smoking  tobacco  was  31  cents  per  pound,  and  of  snuff  46  cents  per 
pound;  while  the  value  of  cigars  and  cheroots  averaged  only  $1.89 
per  hundred. 

Tobacco  waste  is  used  for  a  fertilizer,  at  an  estimated  value  of 
2  cents  per  pound;  as  livestock  medicine;  and  as  raw  material  for 
the  manufacture  of  nicotine,  which  seems  to  have  a  value  somewhat 
higher  than  that  of  the  waste  used  as  a  fertilizer.    The  preparation 
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of  nicotine  almost  destroys  the  value  of  the  residual  product  as  a 
fertilizer.  With  tobacco  extract  containing  7y2  percent  of  nicotine 
retailing  at  about  27  shillings  ($6.57)  per  gallon,  from  23  to  80 
pounds  of  tobacco  costing  from  $1.95  to  $11.81  will  be  required  for 
the  manufacture  of  1  gallon  of  extract  (SJ^  p.  (269).  The  nicotine 
contained  in  heavy  types  of  South  African  air-cured  tobacco,  such  as 
that  grown  in  the  districts  of  Barberton,  Piet  Retief ,  Potchefstroom, 
Vredefort,  Oudtshoorn,  and  Piquetburg  varies  between  2.17  and 
5.86  percent.  The  content  in  the  lighter  class  of  tobacco,  such  as  is 
grown  in  the  Magaliesberg  district,  Kat  River  Valley,  part  of  the 
Oudtshoorn  district,  and  in  Natal,  varies  from  0.22  to  3.03  percent. 
Pondo  tobacco  (Nicotiana  rustica)  sometimes  grown  by  the  natives, 
tested  9.45  percent  of  nicotine. 

Tobacco  handled  by  the  cooperative  at  Rustenburg  in  1932-33 
was  packed  in  cases  42  by  24  by  26  inches  outside  measurement 
or  in  bales  33  by  25  by  32  inches,  Aveighing  200  to  240  pounds 
instead  of  400  to  450  pounds  as  formerly.  Tobacco  for  export  is 
packed  in  boxes.  The  average  moisture  content  of  tobacco  packed 
for  sale  is  9  percent.  Proposed  regulations  specify  11  to  14  percent 
for  consignments  to  Great  Britain  and  13  to  17  percent  for  tobacco 
consigned  elsewhere. 

The  tobacco  control  bill  was  passed  by  the  Union  Government  in 
May  1932.  It  aims  to  increase  the  price  of  tobacco  by  requiring  the 
export  of  a  certain  quota  percentage  of  designated  grades.  The 
bill  is  patterned  in  a  general  way  after  the  Mealie  (corn)  Control 
Act,  1931.  A  similar  principle  is  also  applied  to  butter  and  cheese. 
The  bill  provides  that  the  Minister  of  Agriculture  may  declare  each 
year  certain  percentages  of  the  various  types  of  tobacco  which  must 
be  exported.  Each  tobacco  buyer  or  manufacturer  must  be  licensed 
and  must  keep  and  report  a  full  record  of  all  his  transactions  as 
proof  that  he  has  complied  with  the  act. 

It  will  be  much  more  difficult  to  carry  out  these  provisions  with 
respect  to  tobacco  than  with  respect  to  corn  because  of  the  many 
types  and  grades  of  tobacco,  some  of  which  are  all  wanted  for 
manufacture  in  South  Africa,  some  are  wanted  primarily  for  ex- 
port, while  others,  although  not  wanted  in  South  Africa,  are  not 
wanted  elsewhere.  The  accurate  definition  and  segregation  of  these 
various  types  and  grades,  and  the  application  of  an  export  quota  to 
each,  will  present  a  rather  difficult  problem.  It  would  seem  to  be 
particularly  difficult  to  prevent  evasion  of  the  law.  Any  material 
expansion  in  the  exportable  surplus  will  reduce  the  effectiveness  of 
the  law. 

To  the  extent  that  the  proposed  law  is  successful,  prices  to  manu- 
facturers in  South  Africa  will  be  increased  above  the  export-price 
level.  This  will  encourage  production  in  the  Union  and  hinder 
the  marketing  of  cigarettes  and  other  manufactured  tobacco  out- 
side of  the  Union  of  South  Africa,  thereby  limiting  South  African 
manufacturers  to  domestic  demand,  unless  a  scheme  can  be  worked 
out  for  permitting  the  exportable  portion  to  be  exported  in  manu- 
factured form.  This  will  be  extremely  difficult  in  view  of  the 
blending  of  different  grades  and  types  in  the  process  of  manu- 
facture. 


AGRICULTURE    IN    SOUTHERN    AFRICA  235 

South  African  manufacturers  may  not  object  to  this  in  view  of  the 
fact  that  the  company  which  controls  practically  90  percent  of  the 
total  manufactures  of  the  Union  also  has  a  factory  at  Salisbury, 
Southern  Rhodesia,  which  can  and  will  manufacture  tobacco  for  sale 
in  Southern  Rhodesia,  Northern  Rhodesia.  Belgian  Congo,  and  ad- 
joining territories  unaffected  by  the  handicap  of  higher  cost  for  raw 
materials. 

The  bill  represents  the  fourth  attempt  to  obtain  Government  aid  for 
the  tobacco  industry.  In  the  first  instance  the  cooperative  attempted 
to  have  the  compulsory  cooperation  clause  applied  to  the  entire  Union 
of  South  Africa.  It  now  applies  only  to  certain  districts  where  75 
percent  of  the  producers  growing  75  percent  of  the  tobacco  have 
voluntarily  agreed  to  come  under  its  provisions.  The  Minister  for 
Agriculture  would  not  agree  to  making  it  apply  to  the  other  dis- 
tricts. In  the  second  instance  the  cooperative  asked  that  the  allow- 
ance of  2,000,000  pounds  of  Virginian  tobacco  and  400,000  pounds  of 
Turkish  tobacco  from  Southern  Rhodesia  and  500,000  pounds  of  to- 
bacco from  Northern  Rhodesia,  all  of  which  were  then  entering  the 
Union  of  South  Africa  duty  free,  be  subject  to  the  same  duty  paid 
by  all  other  tobacco  imported.  The  Minister  of  Agriculture  did  not 
agree  to  this.  As  a  third  alternative,  the  cooperative  proposed  a  levy 
on  all  tobacco  grown  in  the  Union  for  the  creation  of  a  fund  with 
which  to  subsidize  exports.  This  plan  had  previously  been  applied 
to  other  products,  such  as  butter  and  cheese,  but  the  Minister  for 
Agriculture  did  not  believe  this  to  be  a  feasible  plan  when  applied  to 
tobacco.    Finally,  the  present  plan  was  proposed. 

Although  the  production  of  tobacco  in  the  Union  in  1931-32  was 
slightly  over  21,000,000  pounds,  no  export  quota  was  declared ;  but  in 
1933,  when  the  crop  was  estimated  at  only  10,000,000  pounds,  the 
Union  Government  fixed  the  tobacco-export  quota  percentage  for  a 
period  of  12  months  ended  May  31,  1934,  at  25  percent  of  all  tobacco 
(other  than  Turkish  and  flue-cured  tobacco)  purchased  by  dealers. 
As  the  consumption  of  tobacco  by  factories  in  the  Union  amounts  to 
about  17,000,000  pounds  per  year,  including  approximately  2,400,000 
pounds  imported  duty  free  from  Rhodesia,  but  not  including  1,000,000 
or  2,000,000  pounds  of  Union  tobacco  sold  annually  by  growers  to 
the  native  trade,  it  is  apparent  that  a  reduction  in  stocks  on  hand  is 
inevitable.  To  give  effect  to  this  law,  regulations  were  published  in 
April  1933  requiring  that  licenses  be  obtained  by  tobacco  traders 
and  that  tobacco  traders  furnish  monthly  returns  of  tobacco  pur- 
chased and  certificates  of  proof  of  export. 

No  tobacco  trader's  license  is  required  of  anyone  importing  tobacco 
or  buying  tobacco  from  the  grower  or  manufacturing  tobacco  from 
any  district,  provided  the  tobacco  manufactured  is  rolled  tobacco 
from  water-moistened  leaf  amounting  in  manufactured  form  to  not 
more  than  600  pounds  per  year.  This  exemption  applies  chiefly  to 
small  growers  in  the  Oudtshoorn  area  who  do  their  own  manufactur- 
ing of  rolled  tobacco. 

All  others  must  obtain  a  tobacco  trader's  license  at  a  cost  of  5  shil- 
lings for  each  set  of  business  premises  and  must  keep  records  in  the 
prescribed  forms  showing  the  date  when  the  tobacco  was  acquired; 
person  from  whom  acquired ;  classification  of  such  persons,  as  tobacco 
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traders  or  growers;  quantities  acquired,  classified  as  Turkish  tobacco, 
flue-cured  tobacco,  and  other  tobacco;  date  of  sale  or  disposal  of 
tobacco;  names  and  addresses  of  those  to  whom  sold;  quantities  sold, 
classified  in  the  same  way ;  and  stocks  of  each  class  of  tobacco  on  hand 
at  the  end  of  each  calendar  month.  Loss  of  weight  in  process  of 
manufacture  must  be  similarly  accounted  for.  The  foregoing  in- 
formation must  be  reported  to  the  Government  each  month  in  the 
prescribed  form. 

Proof  of  export  of  the  prescribed  quota  percentage  (25  percent 
of  purchases  other  than  Turkish  and  flue-cured  during  the  first 
year)  must  be  submitted  to  the  Government  in  prescribed  form  within 
14  days  after  the  end  of  the  period  prescribed  for  the  export  of  such 
tobacco.  The  tobacco  export-quota  percentage  must  be  exported 
within  120  days  after  the  end  of  the  calendar  month  during  which 
such  tobacco  was  imported,  purchased,  or  acquired.  Tobacco  ac- 
quired from  a  tobacco  trader,  having  been  already  subject  to  the 
quota  percentage,  is  not  subject  to  a  second  quota.  Any  tobacco 
trader  may  enter  into  agreement  with  a  cooperative  organization 
(presumably  the  Central  Cooperative  Tobacco  Association  of  South 
Africa,  Ltd.)  to  export  his  quota,  but  such  agreement  must  be  entered 
into  within  30  days  after  the  calendar  month  during  which  he  im- 
ported or  otherwise  acquired  such  tobacco.  Such  cooperative  organ- 
ization must  export  the  said  tobacco  within  90  days  after  the  date 
of  such  agreement.  Tobacco  subject  to  the  quota  percentage  of  to- 
bacco acquired  before  the  publication  of  the  export-quota  percentage 
must  be  exported  within  120  days  after  the  end  of  the  calendar 
month  (April  1933)  during  which  such  tobacco  export-quota  per- 
centage is  fixed. 

The  Union  also  published,  in  April  1933,  regulations  bringing  all 
tobacco  under  the  provisions  of  the  law  which  requires  that  it  must  be 
inspected  as  to  grade  and  quality  by  Government  inspectors  before 
being  exported.    The  regulations  governing  exports  are  as  follows: 

It  shall  consist  of  whole-leaf  tobacco  or  stripts. 

It  must  be  thoroughly  and  properly  fermented  in  stacks  prior  to  grading  and 
baling  thereof. 

It  must  be  carefully  graded  in  accordance  with  the  standard  grades  appear- 
ing in  the  schedule  hereunder. 

All  tobacco,  except  stripts,  must  be  tied  in  hands  and  packed  in  straight-laid 
fashion  in  cases  or  bales  containing  200  to  240  pounds  of  tobacco,  and  the 
contents  must  be  firmly  pressed  so  that  the  package  becomes  a  compact  parcel. 
Stripts  are  to  be  straight-laid  but  untied  and  packed  as  above. 

All  tobacco  must  be  in  sound,  good  keeping  condition,  and  the  moisture  con- 
tent of  tobacco  consigned  to  Great  Britain  and  the  Irish  Free  State  must  be 
not  less  than  11  percent  or  more  than  14  percent.  Tobacco  consigned  elsewhere 
must  contain  not  less  than  13  percent  or  more  than  17  percent  of  moisture. 

Each  case  or  bale  shall  consist  only  of  one  and  the  same  grade  of  any  par- 
ticular type  of  tobacco. 

Each  case  or  bale  shall  have  clearly  stenciled  on  it  the  place  of  origin  and 
the  grade  of  its  contents,  and  be  numbered  consecutively. 

Cases  containing  tobacco  for  export  must  be  made  of  new,  strong  shooks,  and 
the  outside  measurement  of  the  case  shall  be  32  inches  long,  24  inches  wide,  and 
26  inches  deep.  The  inside  of  the  four  sides  of  the  case  must  be  lined  with 
waterproof  paper. 

Bales  of  tobacco  for  export  must  be  approximately  33  inches  long,  25  inches 
wide,  and  32  inches  deep.  The  tobacco  in  each  bale  must  be  firmly  pressed 
and  the  bale  protected  with  1  baling  stick  at  each  of  the  4  side  corners. 
Each  bale  must  be  tied  with  four  baling  wires  and  completely  covered  with  new 
hessian  tightly  sewn  on. 
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All  tobacco  for  export  must  be  inspected  by  inspectors  appointed  by  the 
Minister  prior  to  export. 

The  inspector  shall  inspect  not  less  than  10  percent  of  any  one  consign- 
ment. Such  inspection  shall  take  place  at  the  following  centers:  Rusten- 
burg,  Brits,  Nelspruit,  Pietersburg,  Piet  Retief,  Parys,  Oudtshoorn,  Paarl,  Dur- 
ban, and  Port  Elizabeth. 

Every  exporter  shall  give  notice  to  the  Secretary  for  Agriculture  of  his  in- 
tention to  export.  Such  notice  shall  specify  the  time,  and  the  place  from 
which  the  export  is  to  take  place,  and  the  quantity  of  tobacco  to  be  exported, 
and  shall  be  given  at  least  21  days  before  shipment  or  railing. 

An  inspection  fee  of  6  pence  (12  cents)  per  bale  or  case  shall  be  paid  by 
the  consignor  for  every  bale  or  case  proposed  to  be  exported  by  him.  Pay- 
ment of  the  inspection  fees  shall  be  made  within  7  days  after  inspection. 

Should  a  consignment  or  part  thereof  be  withdrawn  from  shipment  after 
having  been  inspected  and  necessitate  another  inspection,  a  further  6  pence 
per  bale  or  case  will  be  charged. 

The  application  of  the  tobacco  export-quota  law  renews  South 
African  interest  in  tobacco-export  markets.  The  South  African 
delegation  at  the  Ottawa  Conference  asked  for  a  3-shilling  (73 
cents)  preference  on  Virginia  tobacco  and  a  4-shilling  (97  cents) 
preference  on  Turkish  tobacco.  The  guarantee  of  a  continuation  for 
10  years  of  the  present  preference  of  2  shillings  one-half  pence  (50 
cents)  per  pound  was  considerably  short  of  the  benefits  requested. 
The  failure  to  receive  increased  preference  hastens  the  day  when 
the  export  quota  under  the  scheme  recently  adopted  will  sell  for  so 
little  that  further  expansion  in  the  Union  will  be  unprofitable. 

TOBACCO    GRADES 

A  schedule  of  grades  accompanies  these  regulations  that  provides 
for  19  grades  of  flue-cured  tobacco,  and  18  grades  of  air-cured 
tobacco  classified  according  to  color,  length,  and  quality. 

Prior  to  the  inauguration  of  these  official  grades  a  well-defined 
system  of  grading  had  been  established  by  the  M.  K.  T.  V.  (cooper- 
ative). The  grade  standards  have  been  changed  from  time  to 
time,  and  the  number  has  been  increased  to  allow  for  more  accurate 
grading.  From  1912  to  1920  there  were  9  grades;  in  1928  there 
were  10  grades  of  light  and  red  tobacco  and  8  grades  of  dark 
tobacco.  Descriptions  are  almost  useless  to  designate  these  grades. 
The  proportion  of  the  12,622,908  pounds  of  tobacco  handled  in 
1928  from  the  five  producing  districts  of  the  western  Transvaal, 
falling  into  each  of  the  designated  grades,  is  shown  in  table  101. 

PRICES 

Tobacco  prices  in  the  Union  of  South  Africa  and  Southern 
Rhodesia  have  not  fluctuated  in  sympathy  with  tobacco  prices  in  the 
United  States.  Prices  in  the  Union  are  determined  primarily  by 
the  local  supply  and  demand  since  exports  are  only  a  small  part  of 
the  Union's  production.  Compulsory  cooperation,  import  quotas, 
tariffs,  and  export  quotas  have  recently  accentuated  the  isolation  of 
tobacco  prices  in  the  Union. 

In  making  these  comparisons  Turkish  tobacco  has  been  eliminated 
from  the  Union  figures  since  it  is  not  grown  in  the  United  States  and 
its  prices  in  the  Union  is  40  to  55  cents  per  pound  in  different  years — 
much  higher  than  the  usual  10  to  15  cents  for  Virginian  (non-Turk- 
ish) types. 
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Table  101. — Tobacco:  Grade  and  value  per  potmd  in  the  western  Transvaal, 

1928 


Grade 

Rusten- 
burg 

Groot 
Marico 

Nyls- 
troom 

Brits 

Magalies- 
berg 

Total 

Value 

Light  red: 

Al                      

Percent 

0.01 

.06 

.04 

.41 

1.59 

2.30 

5.64 

6.46 

6.39 

.82 

.12 
5.63 
13.85 
16.07 
14.83 
20.38 
2.46 
2.94 

Percent 

Percent 

Percent 

0.01 

.06 

.08 

.58 

3.33 

4.26 

10.76 

14.05 

17.38 

1.45 

.04 
3.15 
7.10 
7.54 
11.72 
13.44 
2.28 
2.76 

Percent 

Percent 

0.01 

.05 

.05 

.39 
1.81 
2.39 
6.26 
7.71 
8.64 

.88 

.06 
5.11 
12.79 
14.15 
15.  51 
18.10 
2.71 
3.38 

Cents 
49 

A2                          

0.06 
.04 
.43 
.82 
.96 
1.86 
2.38 
1.40 
.24 

0.01 

.01 

.03 

.37 

.31 

3.00 

2.77 

2.50 

.61 

.02 
8.39 
20.52 
18.31 
19.55 
15.53 
3.63 
4.44 

41 

A2s 

36 

A3           

0.01 
.06 
.07 
1.09 
1.82 
1.92 
.01 

.03 

2.01 

11.52 

17.14 

23.01 

30.43 

5.23 

5.66 

32 

A4     

26  . 

A4s                

20 

DL             

18 

GL 

12 

HL -. 

7 

A4M            

8 

Dark: 
DS 

18 

D               

7.66 
18.41 
21.00 
19.98 
18.77 
1.98 
4.02 

14 

E     .    

12 

F  

10 

G                  

7 

H               

4 

DKFM 

4 

DIP                     .-- 

Pretorius  (88,  pp.  80-81). 

During  the  years  1912  to  1916  prices  to  producers  fluctuated  around 
9  cents  per  pound  in  the  Union  and  11  cents  in  the  United  States. 
During  the  period  1917  to  1925  American  prices  were  generally  much 
higher  (31  cents  in  1919) ,  while  prices  in  the  Union  were  only  2  or 
3  cents  higher.  During  the  years  1926  to  1932,  with  British  prefer- 
ential duties  in  effect,  American  prices  declined  from  about  20  to  10 
cents  per  pound,  whereas  prices  in  the  Union  rose  to  23%  cents  in 
1926  and,  except  in  1929,  have  not  fallen  below  12  cents.  Compulsory 
cooperation  in  the  Union  since  1925  has  also  had  its  effect  on  local 
prices. 

The  cost  of  Union  tobacco  bought  by  tobacco  manufacturers  gradu- 
ally rose  from  15  cents  per  pound  in  1918  to  24  cents  in  1927  and  has 
declined  only  slightly  since  that  time.  In  1918  this  price  was  much 
lower  than  the  price  in  the  United  States,  but  after  1925  it  was 
higher. 

The  value  per  pound  of  tobacco  exported  from  the  Union  is  a  less 
reliable  indicator  of  the  average  value  of  the  Union's  crop  since  so 
small  a  part  is  exported,  but  it  is  more  important  as  an  indicator  of 
competition  in  Europe  with  American  tobacco.  The  exports  of  leaf 
tobacco  and  pipe  tobacco  (cigars  and  cigarettes  excluded)  were 
valued  at  prices  which  steadily  diminished  from  1911  to  1923  (from 
39  down  to  10  cents  per  pound)  as  exports  increased  from  85,000  to 
2,300,000  pounds  per  year.  Since  that  time  exports  of  this  class  of 
tobacco  from  the  Union  have  been  less  than  1,000,000  pounds  per 
year  (except  in  1930)  and  have  been  valued  at  35  to  55  cents  per 
pound  (except  in  1929  and  1930) .  The  British  preferential  tariff  of 
1925  had  a  decided  influence  on  these  prices  except  for  the  surplus  of 
inferior  tobacco  which  had  to  be  sold  at  bargain  prices  in  1929-30. 

The  Khodesian  tobacco  cost  Union  manufacturers  twice  as  much  as 
Union  tobacco  until  1927.  Between  1927  and  1929  the  cost  of 
Khodesian  tobacco  fell  almost  to  the  level  of  Union  tobacco  (table 
100). 
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The  value  of  tobacco  exported  from  Southern  Rhodesia  rose  from 
24  cents  per  pound  in  1924  to  39  cents  in  1927  and  then  dropped  to 
about  20  cents  per  pound.  This  is  less  than  half  of  the  export  price 
of  Union  tobacco  but  the  Rhodesian  tobacco  exports  represent  almost 
the  full  production  while  the  Union  tobacco  exports  represent  only 
a  small  part  of  the  Union's  crop. 

xVt  the  cooperative  warehouse  at  Rustenburg,  15  grades  of  flue- 
cured  tobacco  were  made  in  1932.  The  first  advance  to  growers  was 
based  on  the  estimated  valuation.  The  estimated  valuation  of  the 
top  grade  in  1932  was  2  shillings  3  pence  (55  cents)  per  pound;  3 
pence  (6  cents)  per  pound  separated  the  valuation  placed  on  the 
grades  above  1  shilling  (24  cents) ;  2  pence  (4  cents)  or  1  penny  (2 
cents)  separated  the  valuation  of  the  lower  grades.  The  lowest  valu- 
ation was  4  pence  (8  cents)  per  pound.  Valuations  placed  on  bright 
grades  were  2  pence  lower  than  the  previous  year  and  valuations 
placed  on  red  grades  were  1  penny  lower  than  the  previous  year,  and 
on  dark  grades  from  par  to  1  penny  lower.  These  lower  valuations 
were  established  to  take  care  of  any  losses  incurred  on  exporting  a 
portion  of  the  crop. 

The  cooperative  established  selling  prices  to  manufacturers  in  the 
Union  at  exactly  the  same  level  as  the  previous  year,  except  that  a 
different  method  was  used  for  disposing  of  dark  tobacco.  Buyers 
of  dark  tobacco  paid  6  pence  (12  cents)  per  pound  for  lots  composed 
of  proportionate  quantities  of  all  grades  of  dark  tobacco.  Lower 
grades  could  not  be  bought  for  less  than  6  pence  per  pound.  Higher 
grades  might  be  bought  at  7y2  pence  (15  cents)  per  pound.  Manu- 
facturers naturally  buy  all  grades  of  dark  tobacco  at  the  flat  price 
(table  102). 

SOUTHERN  RHODESIA 

TREND    OF    PRODUCTION 

The  best  quality  of  tobacco  and  the  largest  exportable  surplus  from 
southern  Africa  comes  from  the  colony  of  Southern  Rhodesia. 

The  trend  of  production  in  Southern  Rhodesia  has  been  fluctuat- 
ing. Tobacco  was  grown  by  the  pioneer  settlers  as  early  as  1895,  and 
tobacco  was  grown  by  natives  for  many  generations  before  this,  dat- 
ing probably  from  the  introduction  of  tobacco  seed  by  the  early 
Portuguese  explorers.  Between  1910  and  1913  the  commercial  acre- 
age assumed  some  importance.  The  crop  harvested  in  1913  totaled 
over  3,000,000  pounds,  but  owing  to  a  disagreement  with  visiting 
buyers  difficulty  was  experienced  in  marketing  the  crop,  and  the  pro- 
duction did  not  again  reach  3,000,000  pounds  until  1920.  Between 
1925-26  and  1927-28  the  production  rapidly  expanded  to  25,000,000 
pounds  owing  to  the  increase  in  Imperial  preference  (from  one-sixth 
to  one-fourth  of  the  full  import  duty)  and  to  the  influx  of  new  set- 
tlers. Surplus  stocks  and  unfavorable  prices  caused  production  to 
drop  below  6,000,000  pounds  in  1929-30,  but  since  that  date  produc- 
tion has  again  expanded  rapidly.  The  1932-33  crop  was  more  than 
15,000,000  pounds  and  a  further  expansion  of  acreage,  25  percent, 
occurred  in  1933-34  (table  103). 

The  center  of  the  Rhodesian  tobacco  industry  is  just  north  of 
Salisbury,  but  some  growers  are  scattered  from  Umtali  to  Bulawayo. 
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The  production  of  tobacco  in  Southern  Rhodesia  has  been  erratic, 
reaching  peaks  in  1914,  1928,  and  1934.  Marketing  difficulties  have 
curtailed  production  after  each  boom. 


Table  102. 


-Tobacco:  Average  price  per  pound  m  the  United  States,  Union  of 
South  Africa,  and  Southern  Rhodesia,   1910-321 


United 
States 
price 
to  pro- 
ducers 2 

Union 

of  South  Africa 

Southern  Rhodesia 

Year  of  harvest 

Average  farm 
price  3 

Western 
Trans- 
vaal 
price  i 

Cost  per 
pound  to 
manufac- 
turers 3 

Value  of 
exports  3 

Cost  to 
manufac- 
turers 
in  the 
Union  3 

Value  of 

Virginian 
type 

Turkish 
type 

exports  * 

1910 

Cents 
9.3 
9.4 
10.8 
12.8 
9.8 
9.1 
14.7 
24.0 
28.0 
31.2 
17.3 
19.5 
22.8 
19.0 
19.0 
16.8 
17.9 
20.7 
20.0 
18.6 
12.9 
8.2 
10.7 

Cents 

Cents 

Cents 

Cents 

Cents 
32.9 
38.7 
34.3 
29.8 
38.6 
28.8 
26.2 
28.5 
29.0 
25.2 
23.3 
28.5 
10.5 
10.0 
21.7 
42.2 
54.9 
45.4 
34.9 
20.7 
9.2 
49.5 
54.0 

Cents 

Cents 

1911 

1912 

10.7 

8.8 

7.2 

8.8 

9.7 

11.8 

10.5 

12.1 

13.2 

8.2 

9.5 

10.2 

9.4 

12.6 

20.5 

12.5 

9.5 

1913 

1914 

1915 

1916 

1917 

1918. 

12 

11 

14 

11 

10 

11 

11 

23K 

18 

12 

10 

13K 

55 
50 
41 
46 
50 
55 
52 
56 
51 
52 
45 
43 
42 

15.0 
16.9 
15.1 
16.4 
■  17.7 
17.0 
15.8 
19.2 
20.8 
24.3 
23.1 
22.3 

31.2 
31.6 
31.3 
35.8 
33.9 
31.6 
28.9 
35.1 
42.5 
41.6 
34.4 
29.9 

1919 

1920.- 

1921 

1922-... 

1923 

1924 

24  4 

1925 

29  4 

1926 

37 

1927 

38  7 

1928----. 

28  0 

1929 

19  0 

1930 

21.8 

1931 

23  3 

1932 

20  1 

1  Prices  1919  to  1924  (except  the  United  States)  were  lowered  because  of  calculation  at  lower  exchange  rate. 

2  U.  S.  Department  of  Agriculture  Yearbook  1933  (3,  p.  497)  price  received  by  producers,  all  types,  price 
Dec.  1, 1910  to  1918,  weighted  average  price  for  marketing  season  thereafter. 

3  Union  of  South  Africa  official  year  books.  Exports  are  manufactured  and  pipe  tobacco  (cigars  and 
cigarettes  excluded) . 

*  Average  price  paid  to  producers  (for  Virginian  type)  by  the  Magaliesberg  Kooperatiewe  Tobakplanters 
Vereniging  for  each  year  of  harvest;  includes  second  payments  and  occasional  extra  bonus  payments. 
Taken  from  Pretorius  (28,  p.  79). 

5  South  Rhodesia  official  year  books  (37,  no.  2,  p.  637;  no.  3,  p.  567)  Trade  of  Southern  Rhodesia  1932 
(38,  p.  145) ;  unmanufactured,  excluding  scrap  tobacco. 

Value  converted  at  prevailing  rates  of  exchange. 

The  number  of  growers  increased  from  75  in  1915-16  to  987  in 
1927-28  and  527  in  1931-32.  The  total  number  of  tobacco  barns 
on  the  527  farms  was  2,860,  of  which  1,908  were  used  in  1931;  323 
new  barns  were  built  in  1931  and  about  as  many  more  for  the  1932- 
33  crop.  The  total  number  of  tobacco  barns  in  the  colony  in  1932  was 
4,342,  of  which  1,533  were  idle  because  of  geographical  realinement 
of  the  industry  whereby  outlying  areas  have  discontinued  produc- 
tion and  the  industry  has  become  centered  just  north  of  Salisbury. 

An  unlimited  area  of  land  in  Southern  Khodesia  might  be 
planted  to  tobacco,  for  about  90  percent  of  the  flue-cured  tobacco  is 
grown  on  sand  veld  and  10  percent  on  contact  soil,  that  is,  the  margin 
between  the  red-clay  loams  and  the  sandy  gravelly  soils  of  decom- 
posed granite.  About  three-fourths  of  the  land  settled  by  Europeans 
is  sand  veld,  but  some  red  soil  occurs  on  nearly  every  farm. 

Fire-cured  tobacco  is  grown  entirely  on  the  red  or  clay  loams. 
The  amount  of  this  land  is  very  large  in  relation  to  the  tobacco 
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acreage.  The  first  fire-curing  was  done  in  1920.  There  was  con- 
siderable expansion  of  this  type  up  to  1932,  but  little  further  expan- 
sion of  dark  fire-cured  tobacco  is  likely  to  occur  because  the  demand 
for  this  type  is  not  great  and  the  Rhodesian  growers  are  not  inclined 
to  enter  into  competition  with  the  natives  of  Nyasaland  in  the  pro- 
duction of  this  type.  Expansion  will  be  chiefly  in  flue-cured  tobacco 
(fig.  69). 


Table   103. — Tobacco. 


Acreage   and   production   by   type,   Southern  Rhodesia, 
1917-18  to  1932-33 

ACREAGE 


Virginian  types 

Turkish 
type 

Year  beginning  July  1 

Flue- 
cured 

Fire- 
cured 

Sun  and 
air-cured 

Inyorka 

Total 

Virginian 

types 

Total  all 
types 

1925-26          -       

Acres 

Acres 

Acres 

Acres 

Acres 
13,160 
29,172 
45,  711 
16, 761 
9,681 
15,317 
24, 394 
33,  411 
41,450 

Acres 
755 
992 
911 

1,023 
787 
828 

1,276 
971 

1,597 

Acres 
13, 915 

1926-27                 

30, 164 

1927-28           

45,199 
15,190 
8,602 
13,545 
20, 815 
31,402 
39,500 

207 
1,307 

995 
1,733 
3,499 
1,822 
1,750 

103 
156 

48 
8 

21 
187 
200 

202 
108 
36 
31 
59 

8 

46,622 

1928-29           

17, 784 

1929-30       

10,468 

1930-31.      

16, 145 

1931-32 

25,  670 

1932-33 

34,382 

1933-34 

43,047 

1931-32. 


PRODUCTION,  CURED  WEIGHT 


1917-18 

1,000  lb. 

1,000  lb. 

1,000  lb. 

1,000  lb. 

1,000  lb. 

1,000  lb. 

1,000  lb. 

620 

1925-26 

5,313 
18,631 
24,492 
6,705 
5,494 
8,269 
14,795 
13,  777 

347 
633 
452 
337 
350 
375 
573 
393 

5,660 
19,264 
24,943 

1926-27 

1927-28 

24,263 
6,060 
4,887 
7,234 
12,687 
12, 927 
23,737 

102 
562 
573 
1,025 
2,081 
788 
737 

34 

49 

22 

2 

13 

57 

93 
34 
12 

8 
14 

5 

1928-29 

7,042 
5,844 

1929-30 

1930-31 

8,644 

1931-32 

15,368 

1932-33 

14,170 

1933-34 

PRODUCTION  OF  SALABLE  TOBACCO,  PACKED  WEIGHT' 


12,000 

1,700 

27 

0) 

13,727 

426 

14, 153 


1  Included  with  figure  in  preceding  column. 

J  Percentage  of  cured  weight:  Flue-cured,  94.6,  fire-cured,  81.6,  Turkish,  74.4.  Disposed  of  in  recent  years 
about  as  follows:  Local  consumption,  720,000  pounds;  quota  to  Union  of  South  Africa  (flue-cured),  2,000,000 
pounds;  (Turkish),  400,000  pounds;  exported,  including  cigarettes,  to  Northern  Rhodesia,  130,000  pounds; 
to  overseas  countries,  remainder. 

Southern  Rhodesia,  official  tobacco  enouiby.  October  1932.  Southern  Rhodesia  Govebnment 
Statistical  Bubeau.  cbop  estimates,  1932-33.  Econ.  and  Statis.  Bull.  (n.  s.)  1  (3):  11,  1933.  [Mimeo- 
graphed.] 

Turkish  tobacco  is  grown  on  either  sand  veld  or  red  soils,  but 
the  market  demand  is  limited  and  production  is  not  likely  to  expand. 


METHODS  OF  PRODUCTION 

The  principal  tobacco-producing  areas  in  Southern  Rhodesia  lie 
around  and  more  especially  north  of  Salisbury.  During  the  last  17 
years  production  has  shifted  from  southeast  to  northwest  of  Salis- 
bury. In  1933  one-half  of  the  total  production,  including  Turkish, 
was  grown  in  Lomagundi  and  Mazoe  districts.    There  is  one  farm 

96389°— 35 16 
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with  about  300  acres  of  Turkish  tobacco  near  Bulawayo,  but  the 
other  outlying  acreages  are  small. 

The  average  acreage  of  tobacco  per  farm  in  1930-31  was  45  acres. 
Of  429  growers,  118  grew  10  acres  and  under,  88  between  11  and  20 
acres,  66  between  21  and  30  acres,  and  only  2  more  than  300  acres. 
The  farms  are  large;  cattle,  corn,  cotton,  and  other  enterprises  also 
occupy  the  farmers'  attention.  Rainfall  around  Salisbury  averages 
30  to  35  inches,  and  nearly  all  of  it  comes  between  November  and 
March.  Seven  inches  per  month  is  normal  during  the  midsummer 
months,  January  and  February.  Transplanting  (excepting  Turkish) 
is  done  during  November  and  December,  earlier  if  rainfall  permits. 
At  the  beginning  of  March  harvesting  operations  are  under  way, 
occasionally  during  February,  and  by  the  end  of  May  are  prac- 


Figure  69. — Flue-curing  tobacco  barns,  near  Salisbury,  Southern  Rhodesia.     These  barns 
are  built  of  brick  and  are  capable  of  curing  tobacco  from  several  hundred  acres. 

tically  completed.  Delivery  to  the  warehouses  is  at  its  peak  at 
the  beginning  of  May.  The  Turkish  crop  is  planted  later  and 
approaches  harvest  in  June. 

At  first  white  burley  tobacco  was  grown  for  air-curing,  but  more 
recently  flue-curing  has  predominated,  with  some  fire-curing.  The 
bright  cigarette  tobacco  for  flue-curing  is  grown  on  the  lighter  and 
more  sandy  soils,  frequently  decomposed  granite,  while  the  dark 
fire-cured  tobacco  used  for  smoking  mixtures  is  grown  on  the  heavier 
and  more  fertile  soils.  This  is  analagous  to  the  situation  found 
in  Virginia  and  the  Carolinas.  It  is,  therefore,  surprising  to  note 
that  only  about  175  to  200  pounds  ol  blood-meal  mixed  fertilizer, 
analyzing  18-6-8  16  and  costing,  in  1932',  £16  15  shillings  ($82  at 
par)  per  ton,  are  used  per  acre.  Also  popular,  is  a  slightly  smaller 
application  of  20-7-10  analysis  fertilizer  costing,  in  1932,  £18  ($88 
at  par)  per  ton.  In  Virginia  the  growers  apply  800  to  1,000  pounds 
per  acre  of  8-3-5  or  8-3-3  fertilizer. 

The  dark  fire-cured  tobacco  grown  in  Southern  Rhodesia  is  fer- 
tilized somewhat  more  heavily.  Many  Rhodesians  use  from  400  to 
500  pounds  of  12-6-8  fertilizer,  while  the  Virginians  growing  this 

18  Percentages  of  phosphorus,  nitrogen,  and  potassium,  respectively. 
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type  of  tobacco  usually  apply  300  to  500  pounds  of  8-3-3  and  depend 
upon  a  leguminous  crop  to  supply  most  of  the  nitrogen. 

The  average  intended  applications  of  fertilizer  per  acre  in  1932 
in  Southern  Rhodesia  were :  Flue-cured,  219  pounds ;  fire-cured,  281 
pounds;  and  Turkish,  194  pounds;  kraal  manure,  all  types,  95 
pounds.    These  quantities  were  considerably  less  than  in  1931. 

Fertilizer  is  the  most  important  cash  item  in  the  cost  of  producing 
tobacco.  In  Virginia  it  costs  $15  to  $20  per  acre  of  flue-cured  to- 
bacco; the  fertilizer  for  a  field  of  tobacco  yielding  800  pounds  per 
acre  would  cost  2  cents  per  pound  of  tobacco.  It  is  therefore  appar- 
ent that  the  economy  in  the  use  of  fertilizer  in  Southern  Rhodesia  is 
an  item  of  no  small  importance,  especially  when  used  in  conjunction 
with  native  labor  costing  only  30  to  50  cents  per  day.  On  the  other 
hand,  yields  per  acre  are  considerably  less  than  in  the  United  States. 

The  use  of  chlorides  (54  pounds  per  acre  of  muriate  of  potash)  is 
believed  to  make  Rhodesian  flue-cured  more  nearly  equal  in  quality 
to  American  flue-cured  tobacco. 

No  tobacco-cost  investigations  have  been  conducted  in  Southern 
Rhodesia,  but  several  estimates  by  individual  growers  of  Virginian 
type  have  ranged  from  12  to  16  cents  per  pound.  These  costs  are 
about  equal  to  recent  prices,  although  much  below  averages  of  50 
cents  per  pound,  best  grades  85  cents,  obtained  during  the  1927-28 
boom. 

Yields  per  acre  have  been  increasing  during  the  last  10  years,  but 
the  crop,  grown  without  irrigation,  is  always  subject  to  occasional 
droughts  and  wide  annual  fluctuations.  In  1918  the  average  yield 
was  191  pounds  per  acre  as  contrasted  with  a  record  yield  oi  639 
pounds  in  1927.  In  4  consecutive  5-year  periods  (1914-33)  yields 
have  averaged  398,  351,  470,  and  519  pounds.  In  the  United  States 
the  yields,  excluding  cigar  types,  average  about  700  pounds  per  acre, 
with  flue-cured  tobacco  only  slightly  lower. 

The  grading  of  tobacco  in  Southern  Rhodesia  is  performed  by 
native  girls  who  sort  according  to  color,  texture,  and  freedom  from 
blemishes.  The  three  color  classifications — lemon,  orange,  and  choc- 
olate— are  designated  as  brights,  mediums,  and  darks.  Each  of  these 
sorts  is  subdivided  into  unblemished,  blemished,  and  green,  desig- 
nated as  straights,  perished,  and  green.  Only  those  leaves  that  are 
slightly  tinged  with  green  are  so  classified.  Leaves  showing  a  pre- 
ponderance of  green  are  discarded  as  unsalable.  Each  sort  is  then 
subdivided  according  to  3  grades  of  texture,  making  in  all  27 
grades.  There  are,  in  addition,  several  extra  grades  of  tobacco  that 
do  not  conform  to  the  regular  classes.  The  grades  are  designated  by 
the  letters  of  the  key  word — Salisbury.  By  adding  the  letter  P, 
blemished  tobacco  is  indicated ;  by  adding  G,  greening  tinge  is  indi- 
cated. The  main  Rhodesian  grades  are :  Brights,  BS,  BA,  BL ; 
mediums,  MI,  MS,  MB;  and  darks,  DU,  DR,  DY. 

At  first  the  tobacco  was  sold  as  loose  leaf  at  local  warehouses  by 
private  treaty,  but  between  1910  and  1913  the  auction  system  was 
used.  The  Rhodesian  Tobacco  Cooperative  Society  then  undertook 
to  warehouse  and  sell  the  tobacco.  In  1923  this  cooperative  was 
taken  over  by  the  Rhodesian  Tobacco  Warehouse  &  Export  Co.,  Ltd., 
also  operated  on  cooperative  lines.    The  proportion  of  the  crop  now 
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handled  by  this  cooperative  is  not  large.  The  auction-marketing 
system  was  again  tried  in  1928,  but  it  was  quickly  abandoned.  The 
crop  is  now  sold  to  local  tobacco  buyers  by  private  treaty  or  is  con- 
signed to  overseas  brokers.  Overseas  consignments  have  often  re- 
mained unsold  for  so  long  that  dissatisfaction  has  resulted.  There 
are  several  commercial  grading  warehouses  in  Salisbury  and  similar 
establishments  exist  in  some  of  the  outlying  areas.  Most  of  the  to- 
bacco is  bought  by  a  leading  tobacco  company  of  Great  Britain  and 
by  visiting  representatives  of  other  tobacco  firms.  Two  leading  to- 
bacco-manufacturing firms  in  the  Union  of  South  Africa  operate  two 
large  factories  at  Salisbury  and  a  few  small  factories  also  manufac- 
ture low-grade  tobacco  for  native  consumption. 

In  1930  the  quantity  of  Southern  Rhodesian  tobacco  allowed  en- 
trance to  the  Union  duty-free  was  limited  to  2,000,000  pounds  of 
Virginia  type  and  400,000  pounds  of  Turkish  type.  The  Southern 
Rhodesia  Tobacco  Board  was  formed  to  apportion  the  quantities  of 
leaf  sold  to  manufacturers  in  the  Union  at  prices  agreed  under  con- 
tract, and  to  control  the  sale  of  locally  grown  tobacco  required  for 
manufacture  in  Southern  Rhodesia. 

COSTS    OF   MARKETING 

In  1932  the  cost  of  ocean  freight  to  European  berth  ports  was 
7.16  pence  per  pound  from  Union  berth  ports  in  case  of  unmanufac- 
tured tobacco,  and  55  shillings  6  pence  ($13.50)  per  shipping  ton  of 
40  cubic  feet  from  Beira.  The  rate  on  manufactured  tobacco  was 
92  shillings  6  pence  ($22.50)  per  shipping  ton  from  Union  berth 
ports. 

EXPORTS 

Most  of  the  exports  consist  of  unmanufactured  leaf.  In  1929-30 
the  total  value  oi  the  crop  was  estimated  to  be  $2,068,050,  of  which 
9  percent  was  consumed  in  Southern  Rhodesia,  20  percent  exported 
in  the  form  of  cigarettes  and  manufactured  tobacco,  and  71  percent 
exported  as  unmanufactured  leaf  (table  104).  In  1930  when  the 
quantity  of  leaf  tobacco  to  be  exported  was  approximately  3,000,000 
pounds,  a  single  British  tobacco  company  purchased  in  Southern 
Rhodesia  about  2,000,000  pounds,  while  about  1,000,000  pounds  was 
consigned  to  overseas  tobacco  brokers. 

Table  104. — Tobacco:  Exports,  Southern  Rhodesia,  1929-33 


Form  of  export 

1929 

1930 

1931 

1932 

1933 

Unmanufactured 

Pounds 

i  11,993,693 

529 

52, 814 

34,  541 

Pounds 

6, 814, 135 

572 

165,  021 

76,623 

Pounds 

i  7, 821,  296 

742 

180,  237 

83,  464 

Pounds 

3  13,  281,  675 

390 

115, 106 

73, 140 

Pounds 
*  12,  154,  742 

Cigarettes  . 

105,  329 

Other. 

48,285 

Total 

12,  081,  577 

7,  056,  351 

8,  085,  739 

13,470,311 

12,  308,  356 

1  About  10  percent  stripts. 

3  To  countries  overseas,  5,511,207  pounds;  to  Union  of  South  Africa,  2,306,721  pounds. 
3  To  countries  overseas,  10,927,504  pounds;  to  Union  of  South  Africa,  2,354,121  pounds. 
*  To  countries  overseas,  10,048,189  pounds;  to  Union  of  South  Africa,  2,106,553  pounds. 

Trade  of  Southern  Rhodesia,  quarterly  and  annual  reports,  calendar  years. 
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Prior  to  September  1931  Empire  tobacco  was  admitted  to  the 
United  Kingdom  at  a  duty  rate  of  7  shillings  6  pence  ($1.82)  as 
compared  with  10  shillings  ($2.43)  per  pound  for  foreign-grown  leaf 
tobacco.  This  was  a  preference  of  25  percent.  Since  that  time,  the 
duty  on  both  foreign-  and  Empire-grown  tobacco  has  been  increased 
8  pence  (16  cents)  per  pound,  so  that  the  preference  is  still  the  abso- 
lute amount  of  2  shillings  0y2  penny  (50  cents),  but  this  is  less  than 
25  percent  of  the  new  rate. 

In  1928  42  British  manufacturers  were  known  to  be  using  Rho- 
desian  leaf,  while  in  1931  there  were  72.  In  1928  there  were  43 
brands  of  cigarettes  containing  the  Rhodesian  leaf,  as  compared  with 
50  in  1931.  In  1928  there  were  131  pipe  mixtures  containing  Rho- 
desian tobacco,  as  against  272  in  1931.  Approximately  90  percent  of 
the  colonial  tobacco  manufactured  in  1930  went  into  pipe-smoking 
mixtures.  This  includes  all  the  Indian  tobacco,  practically  all  the 
Nyasaland  tobacco,  and  the  major  portion  of  Canadian  and  Rho- 
desian tobaccos.  It  is  claimed  that  1  ounce  in  every  pound  of  smok- 
ing tobacco  now  manufactured  in  Great  Britain  represents  tobacco 
from  Nyasaland  and  Northern  Rhodesia.  Since  only  20  or  30  per- 
cent of  the  tobacco  manufactured  in  Great  Britain  is  made  into  pipe 
mixtures  the  maximum  market  for  pipe-smoking  tobacco  is  about 
37,000,000  pounds,  although  it  is  possible  that  a  vogue  for  pipe 
smoking  might  increase  the  demand  for  colonial  tobacco,  it  is  gen- 
erally recognized  that  the  cultivation  of  the  taste  of  the  public  for 
an  American-Rhodesian  blended  cigarette  offers  the  best  possibility 
for  expanding  the  market  for  Rhodesian  tobacco.  This  requires  the 
production  of  bright  tobacco  of  good  quality  and  good-burning 
characteristics  (table  105). 

The  estimated  46,000,000  black  people  under  the  British  flag 
north  of  the  Zambesi  River  are  looked  upon  as  a  potential  market 
for  large  quantities  of  the  lower-quality  tobacco  which  is  grown  in 
Southern  Rhodesia. 

PRICES 

The  average  declared  value  per  pound  of  unmanufactured  leaf 
tobacco  exported  in  1930  was  10%  pence  (21.79  cents)  per  pound. 
Deducting  2  to  2%  pence  (4  to  5.57  cents)  for  handling,  packing, 
etc.,  gives  8  to  8.75  pence  (16.22  to  17.74  cents)  per  pound  as  the 
gross  return  to  the  grower. 

The  average  price  paid  for  flue-cured  tobacco  in  Southern  Rho- 
desia during  the  1931-32  season  was  approximately  7y2  pence  (15 
cents)  per  pound,  as  compared  with  7  pence  (14  cents)  during  the 
previous  year.  On  the  other  hand,  prices  for  dark  fire-cured  to- 
bacco were  slightly  above  8  pence  (16  cents)  per  pound  during  the 
season,  as  compared  with  10  pence  (20  cents)  during  the  previous 
year,  when  the  large  percentage  of  wrapper  leaves  gave  this  tobacco 
added  value. 

GOVERNMENT  AIDS 

Under  the  terms  of  article  6  of  the  draft  agreement  between 
Britain  and  Southern  Rhodesia,  as  arranged  by  the  Imperial  Eco- 
nomic Conference  in  1932,  the  United  Kingdom  invited  Parliament  to 
pass  legislation  securing,  for  the  period  of  10  years,  to  tobacco  which 
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complies  with  the  regulations,  the  existing  margin  of  preference 
over  foreign  tobacco,  so  long  as  the  duty  on  foreign  unmanufac- 
tured tobacco  does  not  fall  below  2  shillings  y2  penny  (50  cents)  per 
pound ;  in  that  event  the  margin  of  preference  should  be  equal  to  the 
full  duty.  The  agreement  between  the  United  Kingdom  and  South- 
ern Rhodesia  specifies  that  Britain  will  also  endeavor  to  assist  in 
marketing  Southern  Rhodesian  tobacco. 


Table   105. 


-Consumption  in   the   United   Kingdom   of   tobacco   grown   in   the 
British  Empire  and  in  Southern  Rhodesia,  1926-33 


Consumption  of  tobacco  grown  in- 

Calendar 
year 

Consumption  of  tobacco  grown  in- 

Calendar 
year 

British 
Empire 

Southern  Rhodesia ' 

British 
Empire 

Southern  Rhodesia  ' 

Total 

Percentage 

of  British 

Empire 

Total 

Percentage 

of  British 

Empire 

1926 

Pounds 
19, 850, 000 
22,  799, 000 
26, 634,  000 
28,  599,  000 

Pounds 
1, 098, 000 
2,000,000 

4,  095, 000 

5,  067,  000 

Percent 
5.53 

8.77 
15.38 
17.72 

1930 

Pounds 
29, 818, 000 
2  32,782,000 

Pounds 
5, 322,  000 

3  6,  262,  000 
7,  884,  000 

*  8,  923, 135 

Percent 
17.85 

1927 

1931 

19. 10 

1 928 

1932    . 

1929 -- 

1933... 

•  Based  on  deliveries,  London,  Liverpool,  and  Glasgow.  The  total  consumption  is  slightly  greater, 
being  5,600,000  pounds  in  1930  (vide  returns  H.  M.  Customs  and  Excise). 

2  Only  10  percent  is  suitable  for  cigarettes,  although  75  percent  of  United  Kingdom  demand  is  for  cigarette 
manufacture. 

3  Chiefly  flue-cured  cigarette  tobacco— fire-cured  tobacco  meets  severe  competition  from  native-grown 
tobacco,  fire-cured,  from  Nyasaland  and  Uganda. 

«  April  1933  to  March  1934. 

D.  D.  Brown,  chief  tobacco  expert,  Department  of  Agriculture,  Southern  Rhodesia,  quoting  figures 
from  the  high  commissioner,  London.  S.  Rhodesia  Econom.  and  Statis.  Bui.,  May  7,  1934.  [Mimeo- 
graphed.] 

The  agreement  between  the  United  Kingdom  and  Southern  Rho- 
desia  provides  that  the  former  will  advise  the  nonselfgoverning 
colonies  and  protectorates  to  accord  to  the  latter  any  preferences 
granted  other  parts  of  the  Empire  and  to  adjust  their  customs  duties 
on  cigarettes  and  manufactured  tobacco  in  order  to  impose  a  lesser 
duty  on  tobacco  grown  and  manufactured  in  the  Empire. 


NORTHERN  RHODESIA 

The  Fort  Jameson  district,  near  Nyasaland,  produces  nearly  all 
of  the  tobacco  produced  in  Northern  Rhodesia.  The  season  is 
similar  to  that  at  Salisbury,  Southern  Rhodesia,  and  the  harvest- 
ing is  usually  completed  during  May.  About  90  percent  of  the  1931- 
32  crop  was  flue-cured  and  10  percent  sun-cured.  There  was  little, 
if  any,  fire-cured  or  air-cured  leaf.  The  1930-31  crop  of  tobacco 
in  the  Fort  Jameson  district  was  892,000  pounds  of  Virginian  to- 
bacco, of  which  350,000  pounds  was  exported  to  the  Union  of  South 
Africa  and  400,000  pounds  to  the  United  Kingdom ;  the  remainder 
was  held  back  for  subsequent  export.  Production  has  decreased 
about  one-half  since  1925-26  owing  to  marketing  difficulties.  No 
major  expansion  is  to  be  expected  in  Northern  Rhodesia  in  the 
near  future  (table  106). 
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Table  106. — Tobacco:  Acreage,  production,  and-  yield  per  acre,  Northern 
Rhodesia,  1924-25  to  1931-32  ' 


Year  beginning 
July  1 

Acreage 

Produc- 
tion 

Yield  per 
acre 

Year  beginning 
July  1 

Acreage 

Produc- 
tion 

Yield  per 
acre 

1924-25 

Acres 
4,321 
4,936 
6,719 
7,339 

1,000 
pounds 
1,397 
2,070 
3,006 
3,249 

Pounds 
323 
419 
447 
443 

1928-29-   

Acres 
3,232 
3,487 
0) 
2,472 

1,000 
pounds 
1,447 
1,318 
(*)  892 
1,185 

Pounds 
448 

1925-26  . 

1929-30 

1930-31 

378 

1926-27 

1927-28.- 

1931-32 

479 

i  Chiefly  flue-cured.    Grown  by  Europeans  only. 

2  Unknown. 

3  Chief  agriculturist,  Northern  Rhodesia  Department  of  Agriculture,  correspondence. 

Northern  Rhodesia  Department  of  Agriculture  Annual  Report  (22,  Rept.  1926)  and  International  Insti- 
tute of  Agriculture. 

NYASALAND 

TREND    OF    PRODUCTION 

Nyasaland  ranks  with  Southern  Rhodesia  and  the  Union  of  South 
Africa  as  one  of  the  three  important  tobacco-producing  countries  in 
southern  Africa.  Nyasaland  extends  in  a  narrow  strip  along  the  west 
shore  of  Lake  Nyasa.  Its  width  is  more  than  100  miles  in  only  a 
few  places,  but  it  extends  north  and  south  for  about  600  miles.  Its 
total  area  is  47,949  square  miles,  of  which  37,596  are  land  area.  The 
total  population  in  1929  was  1,936  Europeans,  1,117  Asiatics,  and 
1,456,945  natives.  The  Europeans  are  engaged  chiefly  as  government 
officials,  missionaries,  and  traders.  Only  a  small  part  of  the  tobacco 
is  produced  by  Europeans,  and  most  of  this  part  is  produced  by 
native  tenants,  as  the  supply  of  native  labor  is  very  unreliable  as  long 
as  they  can  satisfy  their  needs  for  cash  by  growing  a  little  tobacco 
themselves.  In  1930  the  European-grown  crop  amounted  to  only 
3,034,000  pounds  of  flue-cured  and  1,208,000  pounds  of  dark  fire- 
cured  tobacco,  as  against  9,452,000  pounds  of  native-grown  dark  fire- 
cured.  The  European-grown  tobacco  acreage  in  1929-30  was  only 
17,481  acres  (table  107). 

The  construction  of  the  Zambesi  bridge  and  an  extension  of  the 
railway  in  the  north  is  looked  upon  as  favorable  to  the  extension  of 
tobacco  cultivation  in  Nyasaland.  In  the  northern  province  tobacco 
stands  well  in  the  field,  which  makes  it  possible  to  harvest  it  when 
fairly  ripe.  Flue-cured  tobacco  is  expected  to  increase  as  the  more 
favorable  sandy  and  sandy  loam  soils  of  this  province  are  exploited 
despite  the  recent  decrease  in  the  southern  province.  It  is  claimed 
that  40,000,000  pounds  of  tobacco  could  easily  be  produced  annually 
in  the  northern  areas  of  Nyasaland.  Furthermore,  it  is  proposed  to 
open  additional  areas  in  the  central  province,  by  the  construction  of 
wells,  pumps,  and  windmills.  The  supply  of  water  at  the  end  of  the 
dry  season,  tobacco  seed-bed  time,  is  one  of  the  limiting  factors 
everywhere  in  Nyasaland. 

Since  1917,  Nyasaland  has  changed  from  producing  bright  or  semi- 
bright  flue-cured  tobacco  to  the  production  of  heavy-bodied  dark 
fire-cured,  for  which  there  is  a  demand  in  England,  probably  for 
pipe  tobacco.  In  1917  only  5  percent  was  dark  tobacco,  and  this 
was  produced  mostly  by  native  growers.     In  1924  dark  tobacco  rep- 


248    TECHNICAL  BULLETIN    4  6  6,   U.   S.   DEPT.   OF   AGRICULTURE 

resented  14  percent ;  in  1925,  33  percent ;  in  1927,  43  percent ;  and  in 
1930,  73.5  percent  of  the  total  tobacco  production  (table  108).  At 
the  same  time  the  area  has  expanded  and  moved  northward. 

Table  107. — Tobacco:  Acreage,  production,  yield  per  acre,  and  exports  during 
calendar  year  of  harvest  to  the  United  Kingdom,  Nyasaland,  1910-11  to 
1932-33 


On  land  occupied  by- 

Imported  by  United 

Europeans 

Natives 

Kingdom  from  Nyasaland 

Year  beginning 
Julyl 

Acreage 

Production 

Yield 
per 
acre 

Registered 
growers 

Production 

Quantity 

Percent  of 
total  im- 
ports of 
Empire- 
grown 
tobacco 

1910-11 

Acres 
7,411 

10, 496 
9,534 
9,042 
7,484 
9,386 
9,516 
6,027 
9,817 

14,  218 

21,  074 

18,  554 
17,308 
20,  590 

22,  415 
22, 908 
25,002 
22,  475 

19,  269 
17, 481 
13,  482 

114,314 
8,793 

1,000  pounds 
3,391 
4,160 
3,842 
3,371 
3,382 
4,384 
4,777 
2,594 
3,997 
3,844 
6,737 
6,511 
3,919 
7,312 
5,361 
6,447 
10, 488 
9,112 
5,128 
6,509 
4,168 
»  6,  252 
3,000 

Pounds 
458 
396 
403 
373 
452 
467 
502 
430 
407 
270 
320 
351 
226 
355 
239 
281 
419 
405 
266 
372 
309 
437 
341 

Number 

l,000pounds 

1,000  pounds 

Percent 

1911-12 

1912-13 

1913-14 

1914-15 

1915-16 

1916-17 

1917-18 

1918-19 

5,891 
5,506 
4,777 
6,735 
5,891 
6,882 
7,300 
9,158 
14, 034 
13, 492 
10,  739 
12,  903 
11, 168 
15,006 
*  10, 400 

42.2 

1919-20 

30.2 

1920-21 

64.0 

1921-22 

53.0 

1922-23 

672 
1,176 
2,636 
4,532 
7,804 
5,407 
8,693 
9,482 
7,883 
13,  225 
9,250 

45.7 

1923-24 

35.8 

1924-25 

37.4 

1925-26 

31.6 

1926-27 

66,  321 
34,  761 

47,  578 

48,  419 
51,  903 

2  53,  044 

33.7 

1927-28 

30.4 

1928-29 

34.0 

1929-30 

35.1 

1930-31 

32.6 

1931-32 

31.4 

1932-33  3 

21.1 

i  Includes  flue-cured,  8,459  acres;  fire-cured,  5,056  acres;  and  air-cured,  799  acres;  production— flue-cured 
3,549,168  pounds;  fire-cured,  2,317,840  pounds;  and  air-cured,  385,280  pounds. 

a  Estimated  acreage  native-grown  34,187,  averaging  0.64  acre  per  grower  and  387  pounds  per  acre,  mostly, 
fire-cured. 

3  Preliminary. 

*  Nyasaland  tobacco  delivered  out  of  bond  for  consumption  in  the  United  Kingdom  and  for  reexport  was 
12,072,128  pounds,  as  compared  with  11,141,964  pounds  in  1932  and  10,496,988  pounds  in  1931. 

A.  G.  Hornby,  agricultural  chemist,  Nyasaland  Department  of  Agriculture,  in  Empire  Production 
and  Export,  July  1931,  p.  166;  and  Department  of  Agriculture,  Nyasaland. 


METHODS    OF   PRODUCTION    AND    MARKETING 

The  geographical  distribution  of  the  tobacco  production  in  Nyasa- 
land is  shown  in  table  109. 

Several  areas  in  Nyasaland  seem  to  be  suitable  for  the  production 
of  tobacco.  They  vary  in  elevation  from  1,645  feet,  which  is  the 
elevation  of  Lake  Nyasa,  to  3,000  or  4,000  feet  elevation.  Small 
acreages  o'f  approximately  5  acres  are  replacing  the  large  individual 
acreages  formerly  encountered.  The  land  is  rather  mountainous, 
and  much  of  it  requires  terracing.  The  soils  have  required  little 
fertilizer  during  the  period  of  clearing  and  moving  on  to  raw  land ; 
but  now  that  the  old  lands  are  being  brought  back  into  tobacco,  it  is 


necessary  to  use  fertilizer, 
mended  per  acre. 


About  400  pounds  of  10 — 5 — 8  17  is  recom- 


17  See  footnote  16. 
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Table  108. — Tobacco:  Production  by  type,  Nyasaland,  selected  years  1912-13  to 

1930^1 


Type 

1912-13 

1913-14 

1922-23 

1923-24 

1925-26 

1926-27 

1927-28 

1928-29 

1929-30 

1930-3H 

Flue-cured: 

Bright 

1,000 

lb. 

1,644 

2,206 

1,000 

lb. 

1,673 

1,697 

1,000 

lb. 
3,920 

(2) 

1,000 

lb. 

4,945 

1,000 

lb. 

4,479 

1,000 

lb. 

9,132 

1,000 

lb. 
6,043 

1,000 

lb. 
2,893 

1,000 
lb. 
3,034 

1,000 
lb. 
2,590 

Dark 

Air-cured ... 

49 

24 

322 

63 

39 

148 

Dark  fire-cured.  .    ....... 

3  7,  953 

European-grown  ..      ... 

1,200 
1,170 

1,493 
4,546 

1,100 
7,815 

1,279 
5,390 

1,300 
8,265 

1,208 
9,452 

(2) 

Native-grown 

224 

Total 

3,850 

3,370 

4,144 

7,364 

10,  518 

18,  071 

13, 034 

12,  521 

3 13,  733 

10,  691 

i  Exports:  Nyasaland  Department  of  Agriculture  annual  report  (24,  Rept.  1981,  p.  6). 

2  Included  in  figure  above. 

>  Actual  production  in  1929-30,  European  6,508,768  pounds,  native  9,481,732  pounds,  total  15,990,500 
pounds;  in  1930-31,  European  4,168,528  pounds,  native  7,882,560  (7,883,139,  Nyasaland  Department  of  Agri- 
culture annual  report  (24,  Rept.  1931,  p.  7))  pounds,  total  12,051,088  pounds. 

Correspondence,  Sept.  17,  1931,  Department  of  Agriculture,  Nyasaland,  derived  from  customs-export 
figures  including  conversion  of  stripts  into  leaf.    Totals  are  slightly  less  than  actual  production. 


Table  109. — Tobacco:  Acreage  and  production  by  districts,  Nyasaland,  1929-30 

and  1930-31 


1929-30 

1930-31 

On  land  occupied  by— 

On  land  occuped  by- 

District 

P^uropeans 

Natives 

Europeans 

Natives 

Acre- 
age 

Produc- 
tion 

Produc- 
tion ' 

Acre- 
age 

Produc- 
tion 

Registered 
growers 

Produc- 
tion i 

Lower  Shire 

Acres 

Pounds 

Pounds 

Acres 

Pounds 

Number 

Pounds 

Chikwawa 

40 

338 

4,673 

1,405 

2,422 

1,122 

2,485 

111 

1,443 

1,410 

240 

260 

1,033 

385 

448 
108, 640 
1,804,096 
455,280 
885,808 
351,  232 
874,  272 

46,816 
582,288 
558,768 

79,  744 
103, 936 
429,184 
181,  552 

20 
207 

4,044 
967 

1,152 
624 

1,619 
82 

1,337 

1,409 
220 
125 

1,232 
432 

Central  Shire 

47, 936 
1, 353, 520 
203,280 
399,280 
163,  744 
334, 320 

30,688 
481,  600 
433, 440 

83,440 

57,120 
447,104 
130,  592 

Cholo 

147,840 

477, 120 

441,280 

1,023,680 

392,000 

1,120 

3,360 

91,840 

340,480 

58,240 

3,  946,  880 

2, 154,  880 

403,200 

296 

3,585 

1,137 

7,245 

4,439 

386 

12 

869 

1,478 

663 

17, 726 

10, 852 

2,652 

563 

53,760 
488,320 
185.920 
618,240 
248,640 
1,120 

M  Ian  je 

Blantyre 

Chiradzulu. 

Zomba 

Upper  Shire 

South  Nyasa 

Ncheu 

116,480 
264,320 
197  120 

Dedza...  ..     .  .. 

Fort  Manning  .  . 

Lilongwe                -- 

3,  585, 120 
1,  747.  200 

Dowa.                   ..  .      

Kota  Kota  „       

376,  320 

Kasungu -  -- 

10 

2,240 

Mombera 

West  Nyasa      

North  Nyasa.  . 

104 

44,464 

12 

2,464 

Total 

17,481 

6,  508,  768 

9,  481, 920 

13,  482 

4, 168,  528 

2  51, 903 

7,  882,  560 

1  District  where  sold,  but  not  necessarily  where  grown. 

2  Registered  growers  have  increased  in  the  3  preceding  years  from  34,761  in  1927-28.  In  that  year  8  percent 
of  the  native  growers  were  tenants  on  private  estates,  who  usually  sell  to  the  European  landowners.  In 
1930-31  this  percentage  had  increased  to  17  with  a  corresponding  decrease  in  the  percentage  on  Crown 
land,  especially  in  Southern  Province. 

Nyasaland  Department  of  Agriculture  (24,  Repts.  1931,  pp.  55-57;  1930,  pp.  45-47). 

The  diseases  common  to  the  United  States  are  also  common  in 
Nyasaland.  Wildfire  and  angular  leaf  spot  have  been  moderately 
serious  since  1923. 

Rainfall  in  the  principal  producing  areas  varies  from  25  to  50 
inches  per  year.     The  distribution  is  unequal,  and  here,  as  in  the 
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adjoining  countries,  most  of  the  rain  falls  during  the  months  of 
December,  January,  February,  and  March,  and  practically  none  falls 
from  June  to  September,  inclusive.  Temperatures  vary  from  an 
absolute  minimum  of  around  50°  F.  to  an  absolute  maximum  of 
nearly  100°  F.  The  mean  minimum  is  61°  in  July  and  August  and  74° 
in  December,  while  the  mean  maximum  is  around  90°  every  month. 
The  quality  of  the  crop  depends  upon  the  soil,  rainfall,  and  variety, 
as  well  as  the  method  of  harvesting  and  curing.  The  optimum 
monthly  rainfall  in  Nyasaland  is  about  3  inches  during  the  season 
for  planting,  about  6  to  7  inches  during  the  growing  period,  and 
about  4  to  5  inches  during  the  ripening  period.  A  monthly  rainfall 
of  8  to  9  inches,  although  frequently  encountered,  is  detrimental  to 
the  crop  on  account  of  the  invasion  of  diseases.  High  yields  of  good- 
quality  tobacco  are  associated  with  a  monthly  rainfall  of  2  or  3  inches 
below  normal  during  the  ripening  month.  Excessive  heat  and 
drought  at  this  time  are  rare  in  Nyasaland. 

Planting  time  is  so  regulated  that  ripening  takes  place  in  the 
drier  month  of  April.  The  topping  stage  is  reached  by  February 
in  the  south  or  March  in  the  north.  Curing  begins  in  March  and 
ends  in  June.  Deliveries  to  the  warehouses  reach  a  peak  early  in 
May.  The  average  time  from  transplanting  to  harvesting  is  102 
days  in  the  northern  areas,  and  topping  usually  takes  place  60  days 
after  transplanting.  Thorough  ripening  after  topping  promotes 
better  color,  texture,  aroma,  and  fire-holding  capacity. 

Western  D.  N.  variety  is  now  used  for  producing  most  of  the 
Nyasaland  dark  fire-cured  tobacco,  and  has  the  ability  to  stand  a 
long  time  after  topping  and  priming.  Gold  leaf  and  Cash  and  some 
white  burley  for  air  curing  are  also  grown. 

The  methods  of  the  natives  in  Nyasaland  are  as  follows  (21)  :  The 
quantity  of  tobacco  grown  by  each  native  is  very  small.  The  aver- 
age grower  receives  between  £2  and  £3  (about  $10  or  $15),  and  only 
a  few  receive  as  much  as  £20  (about  $100)  for  their  crops.  This 
money  is  used  for  the  payment  of  taxes,  amounting  to  6  shillings 
($1.46)  per  year  levied  on  all  male  adult  natives,  and  for  the  pur- 
chase of  hats,  shoes,  and  bicycles.  There  seems  to  be  no  desire  for 
homes  better  than  their  primitive  grass  huts.  The  meager  clothing 
they  wear  is  hardly  sufficient  to  protect  them  from  temperatures 
which  fall  as  low  as  50°  F.  during  marketing  season,  from  May  to 
July,  but  the  desire  for  more  clothing,  obtainable  through  more 
tobacco  and  more  money,  is  lacking.  Otherwise  production  would 
be  enormous.  The  gradual  increases  in  their  wants,  together  with 
encouragement  by  the  Government,  probably  accounts  for  the  steadily 
increasing  production. 

At  the  end  of  the  season  growers  are  persuaded  to  destroy  the 
unsalable  leaf  that  is  left  on  their  hands. 

The  Nyasaland  Government  maintains  a  native  tobacco  board.  In 
1926  it  consisted  of  2  tobacco  supervisors,  and  in  1931  of  4  adminis- 
trators, 11  European  field  men,  and  215  native  field  men.  Their 
work  is  mainly  concentrated  in  the  Lilongwe  and  Dowa  districts, 
where  they  assist  in  the  education  of  the  native  tobacco  growers.  The 
white  super-visors  spend  8  or  9  months  of  the  year  traveling  from 
one  native  village  to  the  next  inspecting  the  growing  crops,  advising 
the  growers,  and  giving  practical   demonstrations.    These  super- 
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visors  are  supported  by  a  fee  of  2  shillings  6  pence  (61  cents)  per  100 
pounds  of  tobacco  sold. 

At  market  time  all  native-grown  leaf  must  be  graded  and  passed 
by  the  board's  officers  before  being  offered  for  sale.  The  grades 
in  use  in  1931  were:  No.  1,  wrapper,  over  22  inches;  no.  2,  short 
wrapper,  18  to  22  inches ;  no.  3,  filler,  9  to  18  inches ;  no.  4,  nondescript. 

In  1932  the  native  tobacco  board  maintained  8  central  buying  sta- 
tions which  opened  in  the  northern  province  on  May  18.  The  total 
number  of  buying  booths  was  96  and  the  number  of  buyers  (princi- 
pals) was  15.  The  total  crop  sold  in  the  central  buying  stations  of 
the  native  tobacco  board  was  4,880,915  pounds  out  of  a  total  of 
7,883,139  pounds  of  native-grown  tobacco  bought  at  all  points.  The 
average  quantity  of  leaf  sold  per  native  grower  was  165  pounds,  and 
the  average  price  in  1931  was  slightly  above  7  cents,  so  that  the 
average  grower  received  about  $11.50  for  his  crop. 

It  is  said  that  1932  was  the  first  year  that  properly  graded  tobacco 
was  sold  in  supervised  markets.  These  market  places  are  enclosed 
by  barbed  wire  and  contain  buying  and  storing  sheds  and  temporary 
huts  for  the  use  of  European  buyers,  all  of  which  are  constructed  of 
grass.  The  markets  open  promptly  at  7  a.  m.,  and  the  bulk  of  the 
buying  is  finished  by  noon.  A  supervisor  inspects  each  basket  of 
tobacco  before  it  is  allowed  to  be  offered  for  sale,  and  tobacco  of 
inferior  quality  is  not  allowed  to  be  sold,  even  though  buyers  may  be 
willing  to  buy  it.  At  some  of  the  larger  markets  as  many  as  3,000 
natives  pass  through  the  gates  in  a  day,  with  tobacco  amounting 
approximately  to  60,000  pounds. 

The  buying  is  done  under  open  verandas  at  the  end  of  the  grass 
sheds  where  the  sellers  crowd  and  jostle  each  other  around  the  scales. 
The  native  sellers  are  well  acquainted  with  the  values  of  the  different 
grades,  and  some  of  them  ask  to  be  told  the  price  and  weight  of 
tobacco  they  are  selling  Many  natives  are  inclined  to  haggle  and 
argue  concerning  the  price,  except  during  the  rush  hours.  Accord- 
ingly, the  buyers,  in  order  to  create  a  favorable  impression,  usually 
pay  higher  prices  during  the  early  part  of  the  season  and  during 
the  early  morning  hours  than  when  a  good  flow  of  tobacco  is  being 
sold. 

Tenant  production  by  natives  on  European  estates  is  displacing 
production  by  Europeans  with  wage  laborers.  The  tenants  who 
grow  tobacco  for  white  planters  usually  sell  the  crop  to  their  land- 
lords, who  grade  the  crop  and  obtain  a  profit  from  its  resale.  Only 
a  few  small  areas  are  reserved  for  white  settlement.  These  all  lack 
water,  and  on  account  of  the  difficulty  of  obtaining  native  labor,  it 
is  not  likely  that  European  growers  will  displace  native  growers. 

EXPORTS 

Nyasaland  tobacco  was  imported  into  the  United  Kingdom  in  1932 
to  the  extent  of  15,106,218  pounds,  including  11,180,512  pounds  of 
leaf  tobacco  and  3,925,706  pounds  of  stripts,  according  to  reports 
issued  by  a  leading  British  company.  This  is  to  be  compared  with 
11,168,288  pounds  of  tobacco,  including  9,055,389  pounds  of  leaf 
tobacco  and  2,112,899  pounds  of  stripts  during  1931.  During  1932 
there  was  delivered  from  bond  for  consumption  in  the  United  King- 
dom and  for  reexport  11,141,694  pounds  of  tobacco,  leaving  stocks  on 
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hand  at  the  end  of  1932,  33,906,195  pounds  of  Nyasaland  tobacco. 
Nyasaland  provides  about  one-third  of  the  total  consumption  of 
Empire-grown  tobacco  in  the  United  Kingdom  (table  110). 

A  well-known  tobacco  company  has  erected  at  Limbe  two  modern 
drying  plants.  The  weight  of  the  tobacco  exported  is  less  than  the 
production  because  of  the  loss  of  weight  in  redrying  and  packing. 

Table  110. — Tobacco:  Exports  by  type,  Nyasaland,  calendar  years  1930-32 


1930 

1931 

1932 

Type 

Quantity 

Value  i 

Quantity 

Value  i 

Quantity 

Value  i 

Dark-fired   _-  ..     -- 

Pounds 
10, 030, 016 
2, 866,  569 
38,  329 

Dollars 
1, 829,  770 
522,  224 
6,983 

Pounds 
7, 952,  873 
2,  590,  253 
147,  455 

Dollars 
1, 451, 351 
472, 703 
26,  912 

Pounds 
12,  655,  092 
2,  260.  500 
166,  443 

Dollars 
2, 309,  523 

412,  537 

30,  372 

Total 

12, 934, 914 

2,  358,  977 

2 10,  690,  581 

1,  950,  966 

3 15, 082, 035 

2,  752,  432 

i  Converted  at  par. 

2  Of  which  60.7  peicent  was  grown  by  natives  and  39.3  percent  grown  by  European  farmers. 

3  Of  which  61  percent  was  grown  by  natives  and  39  percent  grown  by  European  farmers. 

Nyasaland  Department  of  Agriculture  Annual  Reports,  (24,  Rept.  1981,  p.  6). 

MOZAMBIQUE 

TREND    OF    PRODUCTION 

Little  tobacco  is  grown  in  Mozambique  except  in  the  higher  ele- 
vations in  the  northern  part  adjoining  Nyasaland  and  Northern 
Rhodesia.  Efforts  have  been  made  to  extend  tobacco  production  in 
these  areas.  Tobacco  production  in  this  colony  is  not  altogether  new, 
having  been  grown  to  some  extent  for  20  years,  but  it  is  only  since 
the  World  War  that  much  attention  has  been  given  to  its  cultiva- 
tion (tables  111  and  112). 

Taple  111. — Tobacco:  Production  and  exports,  Mozambique,  1923-24  to  1930-31 


Exports  from—  2 

Year  beginning 
July  1 

Production  i 

Chartered 
company  3 

Other  colony 

Total 

Leaf 

Manu- 
factured 

Leaf 

Manu- 
factured 

Leaf 

Manu- 
factured 

1923-24 

Acres 
1,050 

Pounds 

1,000 
pounds 
18 
27 
3 
38 
27 
16 
24 
68 

1,000 
pounds 
6 
3 

M 
2 

1 
(4) 

i 

1,000 
pounds 
8 
15 
129 
126 
60 
16 
46 
45 

1,000 
pounds 
308 
229 
332 
209 
214 
168 
124 
65 

1,000 
pounds 
26 
42 
132 
164 
77 
32 
70 
113 

1,000 
pounds 
314 

1924-25     . 

232 

1925-26 

332 

1926-27 

4,984 
3,558 
2,557 
1,846 

211 

1927-28 

2, 181, 078 

1,036,541 

606,  100 

215 

1928-29  .. 

168 

1929-30. 

124 

1930-31  . 

65 

i  Excluding  native  production. 
8  Calendar  year  of  harvest. 

3  A  private  company  has  a  charter  granting  jurisdiction  over  Manica  and  Sofala  districts. 

4  Less  than  500  pounds. 

Consul  Cameron,  Lourenco  Marques,  Mozambique,  Department  of  Agriculture. 
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Table  112. — Tobacco:  Acreage,    production   and    yield   per   acre,    by    districts, 

Mozambique,    1929-30 


Growers 

Acreage 

Produc- 
tion 

Yield  per  acre 

Bought 

from 
natives 

District 

By  all 
pro- 
ducers 

By  im- 
portant 
producers 

Number 
0 
4 
7 
25 
1 

10 
9 
4 

Acres 

Pounds 

Pounds 

Pounds 

Pounds 

15.6 

221.2 

*  1, 415.  9 

56.8 

64.2 

4  71.6 

65.5 

4,148 
i  98, 254 
3  421,  202 
22,040 
24,244 
36,  251 
26,  536 

266 
444 
297 
388 
378 
506 
405 

280 
506 
317 

47,287 

5,492 

3,720 

Tete                             

530 
734 

3,262 

(s) 

Total-   .     

60 

1, 910.  8 

632, 675 

331 

59,  761 

i  Of  which  only  57,000  pounds  was  sold  during  the  year.  Production  during  the  preceding  year  was 
450,000  pounds  from  813  acres. 

2  Chiefly  in  He,  Massingire,  and  Maganja  da  Costa  districts  near  southern  Nyasaland. 

s  Of  which  only  42,000  pounds  was  sold  during  the  year.  Production  during  the  preceding  year  was 
580,000  pounds  from  1,670  acres. 

*  247  acres  grown  in  1927-28. 

*  Not  reported. 

Colonia  de  Mozambique  Recenseamento  Agrlcola  d«  1929-1930  (18). 


METHODS   OF  PRODUCTION 

The  principal  type  of  tobacco  grown  is  Virginia  flue-cured,  analo- 
gous to  that  grown  in  Southern  Rhodesia,  including  Hickory  Pryor, 
Yellow  Pryor,  and  Warne  varieties.  More  recently  Turkish  tobacco 
and  burley  tobacco  have  been  introduced,  and  three  types  of  curing 
(flue-curing,  fire-curing,  and  air-curing)  are  now  in  use. 

The  cultural  methods  are  similar  to  those  in  adjoining  areas. 
Seed  beds  are  prepared  from  September  to  November,  and  the  plants 
are  set  out  from  October  to  December.  Plants  are  set  in  rows  36  to 
48  inches  apart  and  plants  are  spaced  20  to  36  inches  in  a  row.  Two 
or  three  cultivations  are  usually  given  during  the  season.  The  plants 
are  topped  to  leave  12  to  18  leaves  per  plant,  although  occasionally 
20  to  24  leaves  are  left.  Yields  of  350  to  600  pounds  of  cured  tobacco 
are  obtained  per  acre.  Customarily  the  barns  are  about  18  feet 
square  and  21  feet  high,  built  of  brick,  and  equipped  with  two  fur- 
naces with  U-type  flues.  The  cured  tobacco  is  sorted  into  not  more 
than  six  types.  From  8  to  15  leaves  make  a  "  hand."  The  officials  of 
the  department  of  agriculture  at  Lourenco  Marques,  claim  that  the 
quality  of  tobacco  is  not  inferior  to  that  grown  in  the  adjoining  coun- 
tries of  Northern  Rhodesia,  Southern  Rhodesia,  and  Nyasaland,  and 
that  it  possesses  remarkable  combustibility,  elasticity,  and  aroma 
without  having  too  much  nicotine.  However,  the  samples  seen  in 
the  warehouse  in  Lourenco  Marques,  at  the  time  of  thi^  study  were 
decidedly  inferior  in  color  and  other  respects. 

The  tobacco  is  nearly  all  grown  by  Europeans,  even  most  of  that 
consumed  by  the  natives.  This  is  in  contrast  to  conditions  in  Nyasa- 
land where  certain  natives  hire  other  natives  to  grow  it.  The  presi- 
dent of  the  agricultural  development  association  of  the  Province  of 
Mozambique  estimates  that  during  1931  producers  received  11  cents 
per  pound  for  dark  fire-cured  tobacco  and  16  cents  per  pound  for 
mahogany-colored  cigarette  tobacco. 
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The  production  of  tobacco  in  Mozambique  is  decreasing,  probably 
because  of  the  difficulties  of  growing  the  crop  and  because  Portugal 
has  reduced  the  customs  preference  from  50  percent  to  10  percent. 

There  are  in  Mozambique  6  sizable  tobacco  factories — 3  in  Lou- 
renco  Marques,  1  in  Beira,  2  in  Mozambique  (town),  besides  2  small 
factories — 1  in  Beira  and  1  in  Macequeco  (table  113). 

Table  113. — Tobacco  Manufacture  in  Mozambique 


Calendar  year 

Mozam- 
bique Co. 

Other 
colony 

Total 

Calendar  year 

Mozam- 
bique Co. 

Other 
colony 

Total 

1921 

1,000  lb. 

1,000  lb. 

1,0001b. 
497 
477 
522 
579 
637 
655 

1927 

1,000  lb. 
70 
70 
76 
86 
63 

1,000  lb. 
570 
645 
646 
666 
497 

1,000  1b. 
640 

1922 

477 
522 
574 
612 
616 

1928.... 

715 

1923 

1929 

722 

1924     

5 
25 
39 

1930 

752 

1925 

1931... 

560 

1926 

Customs  and  excise  reports,  not  including  tax-free  native  roll  tobacco  for  native  consumption  (not  pro- 
duced in  factories),  possibly  10  percent  as  much,  Consul  Cameron,  Lourenco  Marques. 


TANGANYIKA 


TREND    OF    PRODUCTION 


Attempts  have  been  made  to  introduce  tobacco  production  in  Tan- 
ganyika and  initial  efforts  are  proving  moderately  successful.  The 
production  of  Turkish  tobacco  in  1930  amounted  to  6,000  pounds  and 
that  of  fire-cured  Virginian  tobacco  to  16,000  pounds.  This  tobacco 
is  produced  near  Iringa  in  the  central  portion  of  the  territory,  where 
the  elevation  ranges  from  4,000  feet  to  6,000  feet  and  where  rainfall 
is  about  40  inches  per  year,  nearly  all  of  it  falling  during  the  sum- 
mer months,  November  to  April.  The  tobacco  is  grown  by  natives, 
as  in  Nyasaland,  rather  than  by  Europeans  using  native  laborers 
as  in  the  Rhodesias  and  the  Union.  The  Tanganyika  Department  of 
Agriculture  maintains  a  European  officer  in  Iringa  to  experiment 
and  advise  on  tobacco  growing. 

Southeast  of  Iringa,  at  Mahenge,  the  Tanganyika  Department  of 
Agriculture  maintains  a  white  agricultural  officer  assisted  by  nine 
black  instructors  who  are  chiefly  concerned  with  establishing  a  native 
tobacco  industry.  The  director  of  agriculture  states  that  heavy  Vir- 
ginian-type tobacco,  such  as  is  grown  by  the  natives  in  Nyasaland,  is 
the  most  promising  native  cash  crop  for  this  area.  The  tobacco  is 
suitable  for  the  manufacture  of  cigarettes  and  pipe  tobacco  for  the 
local  native  trade,  and  if  it  is  comparable  with  Nyasaland  tobacco 
it  is  also  suitable  for  export. 

Additional  staff  members  trained  in  tobacco  matters  are  also  em- 
ployed in  the  Lindi  Province  to  the  east  of  Iringa.  In  addition  the 
Department  has  decided  that  tobacco  may  be  a  more  successful  cash 
crop  than  cotton  for  the  natives  on  the  sandy  soils  of  the  Rusubi 
and  Busambiro  areas,  near  Lake  Victoria,  where  cotton  has  largely 
failed.  Tobacco  seed  described  as  "  heavy  western  "  of  the  Virginian 
type  was  imported  from  Nyasaland,  and  a  specially  trained  native 
instructor  was  sent  to  supervise  the  trial  plantings  and  the  curing 
of  the  leaf.  Early  indication^  are  that  tobacco  will  prove  successful 
in  this  area, 
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During  1930,  introductions  of  tobacco  seed  included  the  heavy 
western  variety  from  Nyasaland  and  Amorillo  and  Rustenburg 
selection  from  the  Union  of  South  Africa.  In  addition,  eight  varie- 
ties of  Turkish  tobacco  were  introduced. 

An  experimental  consignment  of  5,000  pounds  of  Turkish  tobacco 
from  Iringa  Province  was  sent  to  London  toward  the  close  of  1929. 
It  realized  the  satisfactory  average  price  of  2s.  (49  cents)  per  pound, 
which  is  considered  reasonably  profitable.  A  tobacco  firm  in  Dar 
es  Salaam  also  bought  both  Turkish  and  Virginian  tobacco  grown  in 
the  Ifunda  area.  Cigarettes  manufactured  from  this  tobacco  have 
now  been  on  the  market  for  some  months  and  a  small  local  market 
for  both  Turkish  and  Virginian  tobacco  grown  in  Tanganyika  is 
now  established.  But  if  the  industry  is  to  expand  on  the  large  areas 
described  as  suitable  for  tobacco  growing  in  the  Iringa  district,  a 
market  must  be  established  overseas. 

The  director  of  agriculture  calls  attention  to  the  formation  of 
native  cooperative  groups  with  respect  to  coffee,  and  contemplates 
that  the  same  will  be  developed  in  the  tobacco  area  for  the  south- 
central  districts  in  connection  with  the  new  native  tobacco  plantings. 

KENYA 

TREND    OF    PRODUCTION 

Tobacco  production  in  Kenya  is  of  insignificant  importance,  and 
little  effort  is  being  made  to  establish  the  industry.  The  agricul- 
tural supervisor  for  the  coast  area  reported  in  1926  that  tobacco 
grows  well  all  over  the  coastal  area  as  well  as  inland.  The  majority 
is  made  into  snuff  for  the  native  trade.  Some  tobacco  is  sold  as  leaf 
in  bundles  weighing  1  to  iy2  pounds  and  selling  to  the  natives  for 
Is.  (24  cents).     Exports  are  of  insignificant  volume  (table  114). 

Table  114. — Tobacco:  Exports  from  Ken\fa,  1920-30 


Exports  from  Mombasa  i 

Total  exports  i 

Year 

Quantity 

Value  3 

Price  per 
pound3 

Quantity 

Value  3 

Price  per 
pound  * 

1914 

Pounds 

Dollars 

Cents 

Pounds 
1,008 

Dollars 
49 
1,445 

Cents 

4  9 

1920 

20,272 
11,536 

6,496 

5,600 
40,544 
14,560 

9,072 
15,120 
18,928 
17, 024 

5,264 

1,971 

1,611 

394 

477 

652 

1,265 

662 

1,095 

2,015 

3,995 

1,129 

9.7 
14.0 

10,640 

13  6 

1921.. 

1922 

6.1 
8.5 
1.6 
8.7 
7.3 
7.2 
10.6 
23.5 
21.4 

1923 

1924 

1925 

1926 

20,608 
17,696 
14,560 
13,328 
12,320 

1,333 
1,630 
1,849 
3,377 
2,725 

6  5 

1927 

9  2 

1928 

12  7 

1929 

25  3 

1930 

22  1 

i  Year  ended  June  1914,  1920-27;  year  ended  July  1928-30. 
*  Year  ended  December. 
3  Converted  at  par. 

Kenya  agricultural  census  rei>orts. 

UGANDA 


Tobacco  production  in  Uganda  is  unimportant.  The  acreage, 
mostly  native  grown,  amounts  to  about  3,000  acres  and  has  increased 
only  slightly  during  the  last  10  years  (table  115).    Production  is  not 
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officially  estimated  but  is  probably  about  1,000,000  pounds  per  year. 
The  principal  district  is  Bunyora,  in  the  northwest,  where  the  native 
crop  is  annually  expanding.  The  crop  marketed  in  September  1931 
amounted  to  367,041  pounds  from  760  acres,  an  average  yield  of  483 
pounds  per  acre.  In  1932,  the  Bunyora  crop  was  increased  to  approx- 
imately 600,000  pounds. 

Table  115. — Tobacco:  Acreage  in  Uganda,  1923-32 


Calendar 
year 

European 

Native 

Calendar 
year 

European 

Native 

Calendar 
year 

European 

Native 

1923     

Acres 

Acres 
2,980 
3,122 
2,706 
2,961 

1927 

1928 

1929 

Acres 
18 
227 
368 

Acres 
2,108 
2,519 
3,464 

1930 

1931 

1932 

Acres 
103 
269 
1254 

Acres 
2,233 

1924 

3,237 

1925 

2  3, 468 

1926       

i  Distributed  as  follows  among  the  various  districts:  Bunyora  84,  Mengo  94,  Mubende  46,  and  West  Nile  30. 
«  Distributed  as  follows  among  the  various  districts:  Bunyora  1800,  West  Nile  520,  Karamoja  500,  Ankole 
132,  Entebbe  400,  and  others  116. 

Correspondence  and   annual   reports,   Uganda   Department   of  Agriculture. 

The  Government  is  producing  seed  at  the  Bulinde  Experiment  Sta- 
tion and  issues  to  natives  only  graded  and  disinfected  seed.  Three 
of  the  fourteen  varieties  are  deemed  suitable  for  the  European  mar- 
ket. Experiments  are  being  carried  out  in  the  West  Nile  and  Mu- 
bende Districts  with  white  burley  and  Hickory  Pry  or  for  the  produc- 
tion of  air-cured  leaf. 

Two  crops  per  year  are  sometimes  grown,  but  this  is  being  discour- 
aged because  preparation  of  nursery  beds  for  the  second  crop  con- 
flicts with  the  curing  of  the  first  crop  to  the  detriment  of  both.  The 
quality  of  the  tobacco  crop  is  sometimes  injured  by  cold,  wet  weather 
during  July  after  the  leaf  has  been  harvested,  especially  in  late- 
planted  areas  (table  116). 

Table    116. — Rainfall    in    principal    tobacco    areas    and    seasonal    operations, 
Uganda,  normal  and  1932 


Month 

Hoima  • 

Mbarara  J 

Tobacco 

Normal 

1932 

Normal 

1932 

operation 

Inches 
0.97 
2.95 
5.00 
6.57 
6.63 
3.58 
4.36 
5.61 
6.92 
7.13 
6.13 
2.47 

Inches 
0.38 
1.47 
7.05 
3.84 
6.36 
3.21 
5.38 
3.52 
8.71 
9.16 
9.39 
2.79 

Inches 
1.38 
2.38 
3.69 
4.84 
2.59 
.79 
.95 
2.52 
3.77 
4.22 
4.59 
2.88 

Inches 

1.62 

1.46 

4.04 

3.58 

2.95 

.00 

.46 

.38 

7.89 

2.75 

4.68 

2.52 

February 

Planting 

May 

July  .... 

August.- 

September. 

October 

Selling. 

November 

December 

Total.. 

58.32 

61.26 

34.60 

32.33 

1  West-Central,  near  Lake  Albert. 
3  Southwestern. 

Source:  Uganda  Department  of  Agriculture. 
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Tobacco  growing  by  natives  is  mainly  for  supplying  the  demands 
of  the  local  cigarette  and  tobacco  factory  at  Jinja,  but  with  the  im- 
pending production  of  an  exportable  surplus  the  Government  is  con- 
templating legislation  for  Government  control  of  local  marketing  and 
export  in  order  to  maintain  the  high  grade  of  exportable  leaf. 

During  the  year  1931  the  Government  bought  13,000  pounds  of  na- 
tive-grown leaf  for  shipment  to  england.  This  tobacco  was  regraded, 
conditioned,  and  packed  at  a  newly  constructed  packing  factory  at 
Masindi.  Out  of  this  Government  purchase  5,411  pounds  or  42  per- 
cent was  lost  in  regrading,  redrying,  and  stripping.  The  loss  con- 
sisted of  2,867  pounds  of  degraded  leaf,  1,210  pounds  of  stems,  306 
pounds  of  sweepings,  and  1.&8  pounds  of  water. 

The  Government's  purchase  price  to  the  grower  in  1931  was  0.3 
shilling  (7.3  cents  at  par)  for  first-grade  leaf  and  0.2  shilling  (4.9 
cents)  for  second  grade. 

The  average  price  paid  to  growers  was  0.25  shilling  (6  cents)  per 
pound.  The  cost  of  landing  leaf  in  England  averaged  0.73  shilling 
(18  cents)  per  pound,  exclusive  of  interest  charges  and  officers' 
salaries. 

The  tobacco  officer  reports : 

Brokers  who  have  handled  Uganda  leaf  have  often  commented  upon  the  fine 
spread  of  the  leaf,  and  every  effort  is  being  made  by  careful  selection  of  seed 
plants  to  maintain  this  feature,  a  most  important  point,  In  view  of  the  fact 
that  it  has  been  stated  that  African  tobaccos  are  inclined  to  run  narrow  after 
a  few  years. 

There  has  been  some  improvement  in  the  grading  and  handling  of  the  crop 
during  the  past  season,  but  brokers  report  that  many  consignments  of  Uganda 
leaf  are  still  being  shipped  in  too  moist  a  condition. 

The  leaf  generally  is  reported  to  be  of  excellent  quality,  and  in  spite  of  the 
high  percentage  of  moisture  in  some  of  the  consignments  Uganda  wrapper  leaf 
has  sold  at  an  average  of  approximately  1  shilling  3  pence  per  pound. 

Lack  of  suitable  house  room  for  bulking,  grading,  and  packing  is  one  of  the 
greatest  drawbacks  to  the  successful  handling  of  the  crop  on  most  estates,  and 
it  is  far  too  common  to  see  the  leaf  badly  bulked  in  open  sheds  more  or  less 
exposed  to  the  weather,  and  grading  often  being  attempted  in  sheds  in  which  it 
is  almost  too  dark  to  see. 

During  1931  an  ordinance  was  enacted  providing  for  an  excise  duty 
on  all  cigarettes  and  tobacco  manufactured  for  sale  in  the  protecto- 
rate. The  duty  is  0.75  shilling  (18  cents  at  par)  per  pound  on 
cigarettes  and  0.5  shilling  (12  cents)  per  pound  on  other  tobacco. 
These  duties  are  applied  from  January  1,  1932. 


Table  117. — Tobacco:  Exports,   Uganda,  1921-31 


Calendar 

Unmanufactured 
tobacco 

Cigarettes 

Calendar 
year 

Unmanufactured 
tobacco 

Cigarettes 

Quantity 

Value  » 

Quantity 

Value  l 

Quantity 

Value  1 

Quantity 

Value  * 

1927 

Pounds 

Dollars 

Pounds 

Dollars 

1930 

1931 

1932 

Pounds 

125,  659 
2 133,  597 
-*  160, 147 

Dollars 
26, 980 
25,233 
38,787 

Pounds 
20,707 
46,474 
67,300 

Dollars 
26,303 

1928.  . 

8,539 
61,967 

1,591 
14,794 

60,078 

1929 

114 

127 

88,523 

1  Value  converted  at  par. 

» Includes  275  pounds  of  manufactured  tobacco  other  than  cigarettes. 

8  Includes  6,353  pounds  of  manufactured  tobacco  other  than  cigarettes. 

Uganda,  Department  of  Agriculture,  annual  report,  p.  32. 

96389°— 35 17 
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EXPORTS 

Tobacco  exports  have  increased  from  nothing  in  1927  to  180,071 
pounds  in  1931,  as  shown  in  table  117. 

COTTON 

PRODUCTION  IN  SOUTHERN  AFRICA 

The  total  production  of  cotton  throughout  the  world  is  about 
25,000,000  bales  of  478  pounds,  net  weight.  The  United  States  pro- 
duces about  half  of  this  total,  and  most  of  the  remainder  is  produced 
in  India,  Egypt,  China,  Russia,  and  Brazil.  Production  in  the  10 
cotton-growing  countries  in  south  and  east  (southern)  Africa  was 
approximately  200,000  bales  in  1931^32  (table  118)  and  about  275,- 
000  bales  in  1932-33.  Cotton  production  in  the  United  States  has 
increased  by  only  a  small  percentage  during  the  past  25  years,  but 
in  southern  Africa  production  has  increased  from  about  5,000  bales 
to  275,000  bales  during  this  period. 

Table  118. — Cotton:  Production  in  south  and  east  African  countries,  1929-80 

to  1931-82 


Country 


Year  beginning  Aug.  1 1 

1929-30 

1930-31 

1931-32 

Bales  a 

13, 567 

161 

1,201 

14 

5,407 

7,996 

Bales  2 

6,797 

100 

1,818 

Bales  i 
2,344 

485 

8,285 
6,841 

3,737 
8,266 

Country 


Year  beginning  Aug.  1 1 


1929-30     1930-31     1931-32 


Union  of  South  Africa 
South-West  Africa  *.. 
Southern  Rhodesia... 
Northern  Rhodesia... 

Nyasaland  * 

Mozambique 6 


Angola* 

Tanganyika  • 

Kenya* 

Uganda* 

Total.. 


Bales  s 

3,597 

23,  251 

1,270 

108,  052 


Bales  2 

2,094 

19, 360 

670 

158,  092 


164,  516 


204,  057 


Bales  2 
2,703 


1,452 
173,  494 


201,  980 


1  Aug.  1  chosen  to  facilitate  international  comparisons.  Where  Aug.  1  occurs  in  the  midst  of  harvesting, 
the  entire  crop  is  listed  for  the  year  in  which  the  major  portion  of  the  crop  is  harvested. 

2  Converted  to  bales  of  478  pounds  net,  assuming  1,500  pounds  of  seed  cotton  equals  478  pounds  of  lint. 

3  Lintersin  addition  amounted  to  578,  1,043,  and  432  bales,  respectively,  in  these  3  years.  Swaziland, 
included  with  Union  of  South  Africa,  produced  2,149  bales  of  lint  cotton  in  1929-30  (computed  from  seed 
cotton  at  1,500 pounds  per  bale),  1,021  bales  in  1930-31,  and  130  bales  in  1931-32. 

*  Weight  per  bale  unknown.    Figures  from  the  office  of  the  senior  veterinary  surgeon,  South- West  Africa. 

8  Produced  chiefly  by  natives. 

9  Exports  in  the  following  calendar  year.  Production  by  Europeans  in  Mozambique  in  1929-30  was 
6,408  bales  and,  by  natives,  about  2,700  bales. 

From  annual  reports  and  other  official  sources. 

At  the  beginning  of  the  twentieth  century  the  British  Government 
concluded  that  because  of  the  advance  of  the  Mexican  bollweevil 
into  our  Southern  States  it  would  be  desirable  to  encourage  cotton 
production  within  the  British  Empire.  The  British  Cotton  Growing 
Association  was  created  with  financial  support  from  the  Government 
to  promote  these  ends,  and  much  of  the  cotton  now  produced  in 
southern  Africa  is  bought  by  this  association.  About  1912  a  sister 
organization,  the  Empire  Cotton  Growing  Corporation,  was  created 
to  establish  and  operate  experiment  stations  and,  occasionally,  to 
operate  gins  in  British  cotton-growing  countries.  During  recent 
years  these  two  organizations  have  been  partly  supported  by  a  small 
levy  per  bale  of  cotton  bought  by  cotton  manufacturers  in  England. 
The  expansion  of  cotton  production  in  southern  Africa  is  partly  due 
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to  the  promotional  and  research  activities  of  these  two  concerns. 
That  the  production  thus  far  has  been  relatively  small  is  due  to  in- 
herent difficulties  which  surround  the  production  of  cotton  in  these 
countries. 

Most  of  the  cotton  produced  in  southern  Africa  is  produced  by 
natives.  Production  by  Europeans  employing  native  labor  is  im- 
portant only  in  the  Union  of  South  Africa,  Southern  Khodesia,  and 
Mozambique.  Formerly  it  was  important  in  Nyasaland.  European 
farmers  are  more  responsive  to  price  influences.  European  farmers 
in  these  countries  increased  cotton  acreage  and  production  as  a  re- 
sult of  the  high  prices  and  favorable  exchange  rates  which  prevailed 
between  1917  and  1924.  Since  that  time,  and  especially  since  1930, 
production  by  European  farmers  has  been  greatly  curtailed.  Pro- 
duction by  natives  has  responded  only  moderately  to  price  changes. 
In  Uganda  production  doubled  between  1930  and  1933  despite  the 
influence  of  very  low  prices.  In  Tanganyika  production  declined 
slightly  in  those  districts  where  it  is  predominantly  carried  on  by 
natives,  and  declined  to  a  very  low  level  in  those  districts  where 
European  production  was  important.  In  Nyasaland  production  by 
Europeans  practically  disappeared  between  1926  and  1933,  while  pro- 
duction by  natives  continued  at  approximately  the  same  level. 

Generally  speaking,  cotton  cannot  be  grown  as  advantageously  in 
these  countries  as  in  the  United  States.  Average  yields  per  acre  are 
low  (table  119)  because  of  various  detrimental  influences  in  different 
areas,  such  as  excessive  rain  causing  excessive  vegetative  growth, 
drought,  low  temperatures  at  the  higher  elevations,  and  serious  infes- 
tations of  boll  worm,  jassids,  and  other  insects.  A  small  quantity  of 
cotton  is  produced  under  irrigation,  but  the  area  susceptible  of  irriga- 
tion is  decidedly  limited.  The  ginning  equipment  is  frequently  ineffi- 
cient and  cost  of  transportation  from  the  inland  areas  is  a  further 
handicap.  Native  labor  is  cheap  but  inefficient  so  that  the  cost  of 
labor,  in  terms  of  output,  is  little,  if  any,  less  than  in  the  United 
States. 

On  the  other  hand,  cotton  production  in  these  countries  is  stimu- 
lated by  certain  influences.  Cotton  is  frequently  the  only  cash  crop 
known  to  the  natives,  and  as  their  cash  wants  increase  they  are 
more  easily  induced  to  increase  their  production  of  cotton.  Cotton- 
seed is  issued  exclusively  by  the  Government  officials  so  that  im- 
proved varieties  may  be  readily  introduced  and  deterioration 
avoided.  Cotton  is  looked  upon  as  a  desirable  crop  for  rotation 
with  corn.  Labor  is  abundant  and  cheap,  though  inefficient.  Finally, 
yields  are  being  improved  by  the  introduction  of  improved  varieties, 
the  discovery  of  feasible  methods  of  insect  control,  and  by  improved 
cultural  practices. 

With  the  return  to  higher  price  levels  a  marked  expansion  may  be 
expected,  especially  under  the  stimulus  of  the  British  and  Portu- 
guese policies  of  subsidizing  colonial  cotton  production.  At  present 
most  of  the  cotton  is  grown  in  very  small  patches  by  independent 
natives.  With  the  economic  development  of  these  native  tribes  in- 
creased cotton  production  is  probable.  Expansion  is  most  likely  to 
occur  in  Uganda,  Kenya,  Tanganyika,  and  Nyasaland,  where  native 
population  is  densest  and  where  moisture  and  temperature  conditions 
are  more  favorable. 
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Table  119. — Cotton,  lint:  Yield  per  acre  in  south  and  east  African  countries  as 
compared  with  that  in  the  United  States,  average  1920-30,  annual  1930-32 


Country 


United  States 

Union  of  South  Africa 
Southern  Rhodesia. ._ 

Nyasaland  3 

Mozambique 

Angola 

Tanganyika 

Uganda 


Year  beginning  Aug.  1 


Average 


1920-21  to 
1924-25 


Pounds 
154 


2  87 
2  60 


1925-26  to 
1929-30 


Pounds 
171 
90 
51 
71 
3*62 
MO 

0) 

6  102 


1930-31 


Pounds 

157 

(0 

100 

93 

«58 

0) 

82 

102 


1931-32 


Pounds 

212 

0) 

67 

79 

'62 

0) 

0) 

93 


1932-33 


Pounds 
173 

0) 
(0 


44 


110 


1  Data  lacking. 

2  2  years  only. 

3  European  production  only;  native  acreage  unknown. 
U929. 

*  Manica  and  Sofala  districts,  Europeans  and  natives. 

6  Low  yield  (78  pounds)  in  1929  because  of  unusual  weather  and  serious  losses  in  Eastern  Province  from 
black-arm  disease. 


Official  sources. 


UNION  OF  SOUTH  AFRICA 


TREND    OF    PRODUCTION 


Farmers  in  South  Africa  have  tried  for  many  years  to  produce 
cotton,  but  only  about  15  years  ago  material  progress  began  to  be 
recorded  (table  120) .  The  introduction  of  cotton  gins  and  the  acqui- 
sition of  a  more  thorough  understanding  of  cultivation  methods  have 
contributed  to  the  recent  progress.  The  decline  in  production  fol- 
lowing 1925-26  was  occasioned  by  serious  infestations  of  jassid — leaf 
hoppers  (Empoasca  facialis) — and  white  fly  (Bemisia  gossypiperda) 
which  transmits  the  virus  disease  leaf  curl.  Resistant  varieties  and 
strains  have  since  been  developed  so  that  an  expansion  may  be  ex- 
pected when  market  prices  improve. 


TABLE  120.- 


-Cotton,  lint:  Production  in  the  Union  of  South  Africa  and  Swazi- 
land, 1910-11  to  1932-33 


Year  beginning 
Aug.  1— 

Union 
and 

Swazi- 
land 

Swazi- 
land 

Year  beginning 
Aug.  1— 

Union 
and 

Swazi- 
land 

Swazi- 
land 

Year  beginning 
Aug.  1— 

Union 
and 

Swazi- 
land 

Swazi- 
land 

1910-11 

Bales  i 
28 
67 
68 
150 
452 
476 
510 
592 

Bales  » 

1918-19 

Bales  i 
1,  598 
2,290 
2,446 
2,293 
5,458 
7,  306 
14,  172 
17,055 

Bales  i 

""244 
522 
428 
829 

1926-27 

Bales  i 
8,571 
9,216 
8,179 

13,  567 
6,797 
2,344 
1,  557 

Bales  i 
580 

1911-12 

1919-20 

1927-28 

875 

1912-13 

1920-21   . 

1928-29  

1,332 

1913-14 

1921-22 

1929-30 

2,149 

1914-16 

1922-23   _ 

1930-31 

1,021 

1915-16. 

1923-24... 

1931-32 

130 

1916-17... 

1924-25 

1925-26 

1932-33   .. 

138 

1917-18 

1  Bales  of  478  pounds  net. 

Union  of  South  Africa,  Department  of  Agriculture.  Division  of  Plant  Industry. 
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Several  years  hence,  if  the  efforts  of  the  Empire  Cotton  Growing 
Corporation  are  completely  successful  in  such  matters  as  variety  im- 
provement, disease  and  pest  control,  and  market  demands,  the  Union 
and  Swaziland  may  produce  25,000  to  50,000  bales  in  favorable  years 
when  prices  are  attractive.  Some  authorities  estimate  as  high  as 
100,000  bales.  The  largest  previous  crop  was  17,055  bales  of  478 
pounds  net  weight,  and  the  1932  harvest  was  only  2,344  bales.  The 
Union  of  South  Africa  will  never  become  an  important  cotton  pro- 
ducer, but  the  demand  for  specialty  types  of  South  African  qualities 
may  sustain  a  modest  cotton  industry. 

The  principal  producing  areas  are:  Ngotshe  district,  in  northern 
Natal  Province;  southern  Swaziland;  the  Barberton  area;  and  the 
Orange  Eiver  area,  in  northern  Cape  Province.  Minor  areas  include : 
scattered  areas  in  southern  Natal,  northern  Transvaal,  and  western 
Transvaal. 

In  the  Ngotshe  area  prolonged  winter  drought  sometimes  delays 
and  reduces  planting.  Yields  are  also  reduced,  for  late  cotton  is  im- 
paired by  cold  weather  during  the  latter  part  of  its  growing  season, 
even  though  the  area  is  not  subject  to  frosts.  One  cotton  estate  until 
recently  represented  the  bulk  of  the  production  in  this  area,  having 
grown  as  much  as  10,000  acres  of  cotton  in  1  year.  Recently  this 
company  failed,  and  cotton  acreage  disappeared  except  for  certain 
tracts  planted  or  rattooned  (old  plants  allowed  to  grow  up  again) 
by  the  block  managers  who  had  formerly  grown  cotton  in  the  various 
blocks  of  the  estate.  The  Government  has  taken  back  this  land  and 
resold  it  to  these  former  managers  and  to  new  settlers  at  reasonable 
prices — about  $7.50  per  acre.  In  this  way  production  will  be  main- 
tained at  a  fraction  of  its  former  average  quantity.  Cotton  is  grown 
in  this  area  as  much  for  the  seed  for  cattle  feeding  as  for  the  lint. 
The  unpressed  seed  is  often  fed.  Recently  on  account  of  short  crops, 
a  little  cottonseed  has  actually  been  shipped  into  this  area. 

Southern  Swaziland  is  essentially  a  continuation  of  the  Ngotshe 
area.  Production  here  is  largely  in  the  hands  of  2  or  3  large  compa- 
nies. One,  in  connection  with  cattle  ranching,  has  been  growing 
about  2,500  acres  of  cotton,  of  which  500  acres  have  been  brought 
under  irrigation.  The  company  is  still  intact,  and  the  production 
prospects  are  similar  to  or  better  than  those  of  Ngotshe. 

The  Barberton  area  enjoys  the  stimulating  influence  of  the  cotton 
experiment  station  located  at  Barberton.  The  cotton  is  produced 
mainly  by  independent  farmers,  of  whom  perhaps  90  percent  belong 
to  a  cooperative  gin.  Acreage  and  production  are  often  curtailed  by 
dry  weather  during  or  after  the  spring  planting  season  and  by  de- 
layed planting.  Rainfall  in  eastern  Transvaal  and  Natal  averages 
30  to  40  inches  per  year,  coming  mostly  during  or  near  the  summer 
months,  December  to  February. 

The  Orange  River  area  extends  in  a  narrow  strip  along  the  river 
from  Upington  for  a  distance  of  100  or  150  miles.  The  rainfall  is 
only  about  7  inches  per  year,  and  all  the  crop  land  is  irrigated.  The 
altitude  is  about  2,800  feet.  Temperatures  are  accordingly  high. 
Many  of  these  farmers  are  poor  whites  established  on  this  irrigation 
project  by  the  Government  and  by  a  prominent  church  organization. 
Each  farmer  grows  only  a  small  acreage.     The  soil  is  a  fertile  sedi- 
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mentary  loam  along  the  river  and  on  the  river  islands,  but  outside 
this  narrow  strip  it  is  a  poor  white  sand  or  sandy  loam  almost  useless 
for  farming.  The  supply  of  irrigation  water  is  usually  ample.  The 
principal  crop  was  formerly  alfalfa,  but  cotton  and  sultana  raisins 
have  partly  displaced  this  crop,  especially  since  the  railroad  does 
not  reach  beyond  the  upper  end  of  this  irrigated  strip  and  alfalfa 
hay  will  not  stand  cost  of  shipment. 

In  the  minor  producing  sections  cotton  is  grown  by  scattered 
farmers,  25  to  50  acres  per  farm,  units  much  smaller  than  the 
above-mentioned  estates  although  larger  than  in  most  countries. 
Production  is  being  curtailed  somewhat,  but  there  are  no  alter- 
native enterprises  that  offer  ready  relief  from  the  present  low  cotton 
prices.  In  the  middle  veld  (between  the  lowlands  and  the  high 
plateau)  early  season  droughts  and  late-season  frosts  are  deterring 
factors. 

COTTON   YIELD   PER  ACRE 

Low  yields  are  chiefly  accountable  for  the  fact  that  cotton  produc- 
tion has  not  expanded  much  in  South  Africa.  A  comparison  between 
the  cotton  yields  per  acre  in  the  United  States  and  in  the  Union  of 
South  Africa  is  enlightening  (table  121). 

It  was  between  1925  and  1929  that  the  infestations  of  jassids  were 
so  serious  in  the  Union.  Data  are  not  available  covering  cotton 
yields  since  1930,  but  fragmentary  evidence  goes  to  show  that  the 
introduction  of  the  jassid-resistant  U4  variety  of  cotton  has  helped 
to  increase  yields. 

Table  121. — Cotton,  lint:  Yield  per  acre  in  the  Union  of  South  Africa  as  com- 
pared with  that  in  the  United  States,  1919-20  to  1929-30 


Year  beginning  August  1 

Cape- 

Natal 

Trans- 
vaal 

Union 

United 

States 

1919-20.    .. 

Lbs. 

69 

31 

126 

46 

52 

45 

110 

»  172 

1341 

1423 

1596 

Lbs. 
81 
104 
89 
202 
91 
62 
89 
81 
91 
77 
87 

Lbs. 
72 
56 
54 
70 
41 
39 
70 
32 
58 
53 
139 

Lbs. 
75 
62 
62 

107 
61 
47 
79 
62 
80 
79 

151 

Lbs. 
166 

1920-21 

1921-22 

187 
132 

1922-23--. . - 

149 

1923-24..- 

136 

1924-25 

165 

1925-26 

174 

1926-27 - 

199 

1927-28-.. - 

162 

1928-29 

163 

1929-30 

164 

i  Irrigated. 

Union  of  South  Africa  Official  Year  Book,  (47,  no. IS,  p.  395),  and  official  sources,  assuming  300  pounds 
of  seed  cotton  per  100  pounds  of  lint. 


METHODS  OF  PRODUCTION 

In  the  Union,  cotton  is  grown  by  European  farmers  with  native 
labor.  The  most  suitable  cotton  soils  are  deep  sandy  loams  with 
good  drainage.  Seed  of  the  small-boiled  Uganda  type  is  planted  in 
the  eastern  low-veld  areas,  and  Improved  Bancroft  is  planted  in  the 
middle- veld  areas  and  along  the  Orange  River.  The  planting  of  only 
one  variety  is  strived  for  in  order  to  avoid  undesirable  hybridization. 
Heavy  fertilization  is  avoided  in  order  to  prevent  excessive  growth  of 
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branches  and  leaves  at  the  expense  of  cotton  lint.  Phosphorous  is 
most  frequently  the  deficient  plant-food  element.  From  200  to  300 
pounds  per  acre  of  superphosphate  are  commonly  applied,  unless 
drilled  in  with  fertilizer  attachment,  in  which  case  half  the  quantity 
is  used.  Nitrogen  is  commonly  applied  by  plowing  under  a  green- 
manure  crop  of  velvetbeans,  cowpeas,  soybeans,  or  field  peas.  Ex- 
cessive nitrogen  in  the  soil  is  avoided  as  it  causes  too  luxuriant 
growth  of  plants  and  consequent  delay  in  ripening.  Kraal  manure 
is  sometimes  used  in  conjunction  with  superphosphate. 

The  cotton  lands  are  plowed,  if  possible,  during  the  dry  autumn 
or  early  winter  months.  The  lands  are  plowed  again,  if  necessary, 
after  the  first  soaking  spring  rains  and  are  then  rolled  and  harrowed 
into  proper  condition.  The  seed  is  planted  after  all  danger  of  frost 
is  past.  The  seed  germinates  in  7  to  12  days.  The  first  squares 
appear  in  another  40  to  50  days,  and  3  weeks  later  the  squares  begin 
to  open.  Another  50  days  or  so  are  required  before  the  bolls  are 
open,  depending  somewhat  on  the  prevailing  temperatures.  The 
seed  is  planted  between  October  1  and  November  15,  although  plant- 
ing may  continue  until  November  30  in  the  warmest  low-veld  areas. 
If  rains  are  delayed,  planting  may  not  be  completed  in  the  low  veld 
until  late  in  December,  but  in  the  middle  veld  late-planted  cotton 
often  encounters  frost  before  it  is  harvested.  The  rows  are  spaced 
3  or  4  feet  apart.  From  20  to  25  pounds  of  seed  are  planted  per 
acre,  and  the  plants  are  thinned  to  a  distance  of  10  to  12  inches. 
Cultivation  proceeds  throughout  the  season.  The  cotton  is  picked 
during  April  and  May.  Native  (black)  laborers  are  employed  to 
pick  the  cotton.  The  average  quantity  picked  per  day  is  about  40 
pounds  of  clean  seed  cotton,  although  an  active  woman  can  pick  as 
much  as  75  pounds  per  day  if  the  plants  are  full  of  open  bolls.  A 
few  skilled  natives  can  pick  as  much  as  100  pounds  per  day.  The 
fields  are  usually  picked  over  three  times.  The  smaller  quantity  of 
cotton  picked  per  day  cancels  the  advantage  of  lower  wages,  as 
compared  with  those  in  the  United  States. 

The  cotton  is  transported  in  wool  bags  to  the  gins.  Several  large 
gins  have  been  permanently  established  in  various  parts  of  Natal 
and  Transvaal.  The  lint  is  pressed  into  a  bale  similar  to  the  Ameri- 
can square  bale,  weighing  approximately  500  pounds.  The  bales 
are  covered  in  the  usual  way  and  fastened  with  iron  bands.  The 
general  appearance  of  the  South  African  bales  is  neat  and  attractive. 

QUALITY  OF  SOUTH  AFRICAN  COTTON 

Since  1923,  official  classing  has  been  required  for  all  cotton  destined 
for  export  which  means  practically  all  the  cotton  produced.  No 
consignments  of  cotton  lint  may  be  exported  unless  accompanied  by 
a  certificate  which  must  enumerate  each  bale  concerned  and  show 
the  registered  mark  of  the  ginner,  and  the  type  mark  and  color  of 
each  bale.  The  type  marks  denote  only  grade  and  staple,  but  color 
is  classed  separately  on  the  certificate.  Each  type  mark  consists  of 
a  4-letter  word.  The  first  letter  designates  staple  length  and  the 
third  letter  designates  grade. 

The  principal  office  of  the  Government  cotton  classer  is  at  Durban. 
A  fee  of  1  shilling  (24  cents  at  par)  is  charged  for  each  bale  of  cotton 
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lint  classed.  This  fee  is  paid  in  conjunction  with  the  special  export- 
levy  fee  amounting  to  1  shilling  (24  cents  at  par)  per  100  pounds  of 
cotton  lint. 

The  official  reports  of  the  Government  cotton  classer  for  the  Union 
of  South  Africa  show  that  most  of  the  cotton  grown  in  the  Union 
is  classed  at  1%-inch  staple  length  (table  122).  This  is  longer  than 
most  of  the  cotton  grown  in  the  United  States.  Only  8  percent  of 
the  bales  classed  in  1929-30  fell  in  the  group  of  1^-inch  and  below, 
while  2  percent  was  classed  as  l^-mch  and  above.  This  was  fairly 
representative  of  results  obtained  during  the  5  years,  1927-32. 

The  same  reports  show  that  in  1929-30,  6IV2  percent  was  classed  as 
Middling  grade  or  better,  and  was  of  good  color.  The  average  grade 
of  this  crop  was  higher  than  the  grade  during  the  preceding  4  years, 
when  the  proportion  thus  classed  varied  between  40  and  50  percent 
of  the  crop.  Most  of  the  cotton  not  included  in  the  better  grades 
of  good  color  consisted  of  lightly  spotted  cotton. 

Table  122. — Cotton,   lint:   Staple  length   and   quality   in  the   Union  of  South 
Africa,  1929-30  and  1980-31 


Designation 

Year  beginning  Aug.  1— 

Item 

1929-30 

1930-31 

Quality 

Percent- 
age of 
total 

Quality 

Percent- 
age of 
total 

Staple  length: 

\\i  inches  and  above. -    ■  - 

Staple 
A 

Running 
bales 
272 
2,035 
1,561 
5,441 
3,499 
1,114 

Percent 
2.0 
14.6 
11.2 
39.1 
25.1 
8.0 

Running 

bales 

1,399 

698 

103 

682 

3,182 

1,030 

Percent 
19.7 

B_. 

9.8 

Full  1%  inches 

C 

1.5 

D 

9.6 

E 

44.9 

Fand  G 

14.5 

Total 

13, 922 

100.0 

7,094 

100.0 

Grade  i 
F 

Quality,  good  color: 

1,943 
1,529 
1,996 
1,859 
1,226 

14.0 
11.0 
14.3 
13.3 

8.8 

48 
2,009 
706 
430 
199 

.7 

Strict  Good  Middling 

A 

28.3 

Good  Middling 

E.. 

9.9 

I 

6.1 

Middling  and  below . 

0  . 

2.8 

Total 

8,553 
5,369 

61.4 
38.6 

3,392 

•  3,  702 

47.8 

Off  color 

52.2 

Total 

13, 922 

100.0 

7,094 

100.0 

i  Strict  Low  Middling  is  U,  Low  Middling  is  L,  and  Good  Ordinary  is  G. 
3  The  total  includes  2,189  bales  of  very  lightly  spotted  cotton. 

Union  of  South  Africa  Crops  and  Markets,  December  1931. 


PRICES 

South  African  prices  are  based  upon  Liverpool  or  Manchester 
quotations.  A  premium  of  about  175  pence  points  was  obtainable  in 
December  1932  above  American  Middling  %-inch  quotation  on 
account  of  staple  length,  which  is  largely  1%  inches.  The  premium 
is  usually  200  to  300  points  and,  when  cotton  was  high  in  price,  as 
much  as  500  points.  As  it  costs  about  75  points  to  deliver  the  cotton 
to  Liverpool,  net  prices  at  Durban,  including  the  10-percent  export 
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bounty,  were  at  that  time  about  8%  cents  per  pound.  By  comparison, 
the  price  of  Middling  1%-inch  cotton  at  New  Orleans  was  slightly 
below  7  cents. 

METHODS   OF  MARKETING 

Cotton  in  South  Africa  is  railed  to  the  gins  in  wool  packs.  Some 
13  gins  handle  this  meager  production.  One  or  more  of  these  are  in 
liquidation  on  account  of  lack  of  business.  Some  are  owned  and  oper- 
ated cooperatively,  and  five  are  owned  and  operated  by  private 
buyers.  The  bales  are  made  to  the  standard  size,  weighing  500  pounds 
(400  pounds  at  the  Germiston  gin),  and  compressed  to  30  pounds 
pressure  (IT  cubic  feet  per  bale).  Occasionally  seed  cotton  is  sold  to 
ginners,  but  usually  it  is  ginned  for  the  account  of  the  grower  and 
then  sold  to  local  buyers  representing  overseas  cotton  merchants. 
Sales  are  usually  effected  in  Durban,  where  public  cotton  auctions 
are  held. 

The  Central  Cooperative  Cotton  Exchange,  Ltd.,  Durban,  was 
registered  in  1922.  It  handles  about  30  percent  of  the  crop.  Its 
membership  consists  of  seven  local  cooperatives  which  cover  every 
important  cotton-growing  area  in  Natal  and  Transvaal.  The  com- 
bined membership  in  1928  was  1,126  growers.  The  combined  sales 
during  1927-28  were  £45,240  ($220,165)  exclusive  of  about  half  as 
much  business  in  farming  requisites  purchased  for  members.  The 
volume  of  business  is  now  less  than  in  1927-28  and  much  less  than 
during  the  cotton  boom  years  of  192^-25  and  1925-26.  The  exchange 
is  financed  out  of  the  levy  imposed  by  the  Government  on  all  cotton 
exported.  The  decreased  volume  of  the  last  few  years  has  converted 
operating  profits  into  losses  in  the  case  of  several  cooperatives. 

Local  buyers  representing  overseas  firms  buy  some  cotton  from  the 
cooperative  exchange.  A  little  is  shipped  on  consignment  to  Liver- 
pool, and  an  increasing  quantity  is  sold  c.  i.  f.  on  telegraphic  order 
against  South  African  Government  standards.  Rejection  and  com- 
plaints from  c.  i.  f.  sales  have  been  insignificant. 

Heretofore  practically  all  the  cotton  grown  in  South  Africa  has 
been  exported  overseas  for  spinning.  A  few  weaving  establishments 
have  been  established  in  the  Union  for  the  manufacture  of  cotton 
blankets  for  the  native  trade,  but  with  one  or  two  unimportant  excep- 
tions, they  have  obtained  their  yarns  from  overseas.  However,  as  a 
new  departure,  a  company  that  has  carried  on  a  weaving  industry  at 
the  coast  has  decided  to  establish  a  large  spinning  and  weaving  mill 
at  Johannesburg.  The  whole  process  of  manufacture  will  be  carried 
out,  from  the  raw  cotton  to  the  finished  cotton  blankets. 

Cottonseed  is  sometimes  pressed  for  oil  and  at  other  times  fed  to 
cattle  without  pressing.  The  demand  for  cottonseed  cake  is  greatest 
in  the  Transvaal  and  in  Southern  Rhodesia. 

SOUTHERN  RHODESIA 

TREND  OF  PRODUCTION 

A  few  years  ago  Southern  Rhodesia  made  a  large-scale  attempt  to 
establish  itself  in  the  production  of  cotton  (table  123).  These  efforts 
failed  because  of  low  yields.  A  new  stimulus  to  cotton  growing  in 
Southern  Rhodesia  has  been  given  by  the  recent  development  of  the 
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U4  variety  of  jassid-resistant  cotton,  but  it  has  been  temporarily 
reversed  by  the  disastrous  drop  in  prices  and,  in  1931-32,  by  adverse 
weather. 

Table    123. — Cotton:  Acreage,    production,    yields,    and   exports,    Southern 
Rhodesia,  1923-24  to  1931-32 


Year  beginning 
Aug.  1 

Acre- 
age1 

Produc- 
tion 2 

Yield 

per 

acre3 

Ex- 
ports 4 

Year  beginning 
Aug.  1 

Acre- 
age i 

Produc- 
tion 2 

Yield 

per 

acre 3 

Ex- 
ports * 

1923-24 

Acres 
3,947 
62,  858 
66,  086 
8,134 
1,340 
1,837 

Bales 
1,127 
3,925 
5,480 

490 
76 

226 

Lbs. 
143 
31 
41 
30 
28 
62 

Bales 

1,262 

3,499 

5,042 

309 

110 

251 

1929-30« 

Acres 
6,134 
9,028 

8  3,  486 
1,899 
4,068 

Bales 
1,201 

7 1, 818 
9  485 

Lbs. 
97 
100 
67 

Bales 
763 

1924-25 

1930-316 

1925-26 

1931-32 

1926-27 

1932-33 

1927-28 

1933-34.. 

1928-29 

i  Including  cotton  ratooned. 

2  Seed  cotton  divided  by  1,500  to  derive  bales  of  478  pounds.    The  average  ginning  percentage  at  the  4 
gins  operating  in  1931  varied  from  33.1  to  34  percent. 

3  Seed  cotton  divided  by  3. 

*  Pounds  of  lint  divided  by  478. 

*  Official  Year  Book  (87,  no.  8,  p.  286)  gives  6,179  acres  averaging  97  pounds  of  lint  per  acre. 

6  Government  statistician's  estimate  June  14, 1932,  was  8,979  acres,  1,818  bales,  97  pounds  of  lint  per  acre. 

7  Seed  cotton  delivered  to  gins  was  only  2,365,770  pounds  (1,576  bales).    The  remainder  represents  cot- 
ton too  inferior  to  be  ginned  or  possibly  overestimates  by  the  growers. 

8  Government  statistician's  estimate  Mar.  21,  1934. 

9  Southern  Rhodesia  Department  of  Agriculture  (86,  Rept.  1932,  p.  11). 

Rhodesian  Agricultural  Journal  (32,  p.  621);  Official  Year  Book  (37,  no.  2,  p.  8$;  no.  8,  p.  286). 

The  cotton  specialist  for  Southern  Ehodesia  states  in  his  annual 
report  that  cotton  acreage  may  be  expected  to  increase  materially 
if  there  is  even  a  moderate  recovery  in  price.  Farmers  in  Southern 
Rhodesia  have  regained  confidence  in  their  ability  to  grow  cotton, 
and  the  bad  impression  created  during  the  disastrous  years  of  1925 
and  1926  has  been  largely  eradicated.  He  believes  that  cotton  grow- 
ing in  Southern  Rhodesia,  will  respond  vigorously  to  any  general 
improvement  in  world  economic  conditions. 

Reports  from  north  of  Salisbury  indicate  that  even  with  the  pre- 
vailing poor  prices  cotton  is  more  profitable  than  growing  corn 
at  6  shillings  6  pence  a  bag  (44  cents  a  bushel),  and  it  makes  a 
smaller  demand  on  the  soil. 

The  optimists  believe  that  Southern  Rhodesia  will  produce  50,000 
bales  per  year  within  10  years,  but  this  seems  improbable. 

METHODS   OF  PRODUCTION 

The  principal  cotton-producing  areas  in  Southern  Rhodesia  are 
in  the  Gatooma,  Hartley,  and  north-of-Salisbury  districts.  Some 
cotton  is  also  grown  in  the  lowlands,  where  malarial  conditions  are 
bad,  though  not  so  bad  as  in  certain  cotton  areas  nearer  the  coast.     ■ 

Cotton  is  planted  in  Southern  Rhodesia  during  late  October  or 
early  November  even  if  the  summer  rains  have  not  begun.  In  the 
event  of  poor  germination,  replantings  are  made.  The  plants  are 
left  approximately  6  inches  apart  in  the  row  and,  to  insure  a  good 
stand,  from  25  to  30  pounds  of  seed  are  used  per  acre  with  machine 
planting,  or  6  or  7  pounds  of  seed  with  hand  planting. 

Experiments  indicate  that  fertilization  of  cotton  is  useless,  al- 
though it  may  profitably  be  applied  to  the  preceding  crop.    In  rainy 
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years  the  use  of  green-manure  crops  may  also  cause  too  rank  a 
crop.    The  crop  is  cultivated  from  4  to  6  times. 

Old  cotton  is  recommended  for  use  as  traps  for  cotton  stainers, 
which  sometimes  cause  serious  damage.  About  15  small  piles  of  wet 
cottonseed  are  distributed  per  acre  as  bait  for  the  early  broods  of 
stainers.    This  seed  is  later  collected  and  destroyed. 

Cotton  picking  begins  about  May,  although  early  cotton  may  ma- 
ture during  April,  even  before  the  end  of  the  summer  rainy  season. 
Native  laborers  can  pick  from  40  to  60  pounds  of  seed  cotton  per 
day,  depending  upon  the  yield  per  acre.  The  more  exerienced 
pickers  can  pick  100  pounds  per  day.  Stained  cotton  is  left  in  the 
field  to  be  gathered  at  the  end  of  the  picking  season.  The  labor  of 
cotton  picking  is  done  by  native  women  at  a  cost  of  10  pence  (20 
cents)  per  100  pounds  of  seed  cotton.  This  is  much  less  costly  than 
in  the  United  States. 

Ratooning  cotton  is  sometimes  practiced  successfully.  The  advan- 
tages of  ratooning  (using  the  same  plants  for  a  second  year)  are 
that  the  costs  of  plowing  'and  preparing  the  land  (as  well  as  the 
minor  cost  of  seed)  are  saved  and  that  returns  from  the  ratooned 
crop  are  more  certain.  It  matures  much  earlier  than  annual  cotton 
but  if  it  matures  too  early  the  bolls  open  in  the  rainy  season,  which 
usually  ends  in  March  or  April.  This  may  be  prevented  by  cutting 
back  the  plants  in  September  to  keep  the  bolls  from  opening  too 
early.  The  chief  difficulty  is  that  it  attracts  insect  pests  such  as 
bollworm  and  stainer  much  earlier  than  annual  cotton  so  that  the 
latter  obtains  from  the  former  heavy  infestations  of  these  pests. 
There  was  a  considerable  increase  in  the  1931-32  acreage  of  ratooned 
cotton.  Ratooning  is  a  practice  not  likely  to  persist  when  prices 
improve.  The  discouragement  of  the  growers  since  the  disastrous 
years  of  192-4-25  and  1925-26  has  changed  from  discouragement  over 
yields  to  discouragement  over  prices.  When  prices  improve,  produc- 
tion will  doubtless  increase. 

Cotton  growing  is  desired  because  cottonseed  is  used  for  feeding 
cattle  and  because  the  corn  crops  following  cotton  yield  better,  even 
though  the  cotton  is  grown  without  fertilizer.  Some  farmers  have 
adopted  the  system  of  planting  cotton  on  successive  fourths  or  fifths 
of  the  cornland  so  that  cotton  has  grown  on  every  cornfield  once 
in  every  4  or  5  years.  Efforts  are  being  made  to  improve  the  cul- 
tural practices  with  respect  to  closer  spacing,  heavier  seeding,  and 
the  nonapplication  of  fertilizers,  except  to  the  crops  preceding  cotton 
in  the  rotation. 

The  cotton  is  described  as  being  bright,  clean,  and  of  good  quality 
and  staple,  and  usually  strong. 

The  Empire  Cotton  Growing  Corporation  is  conducting  funda- 
mental experiments  to  firmly  establish  cotton  in  Southern  Rhodesia. 
The  limiting  factors  now  seem  to  be  the  cotton  bollworm,  drought, 
and  low  prices. 

Four  gins  operated  during  1931.  Sales  were  effected  through  the 
Central  Cooperative  Cotton  Exchange,  Ltd.,  of  Durban. 

Following  the  small  boom  in  cotton  which  occurred  in  1924  and 
1925  there  were  established  three  cooperative  gins  at  Bindura,  Hart- 
ley, and  Sinoia,  and  several  private  gins,  notably  at  Salisbury, 
Gwelo,  and  Bulawayo.     The  necessary  capital  for  the  three  coopera- 
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tive  gins  was  supplied  by  the  Government  of  Southern  Rhodesia, 
the  British  Cotton  Growing  Association,  and  the  Empire  Cotton 
Growing  Corporation  in  the  proportion  of  50,  25,  and  25  percent, 
respectively.  Neither  interest  nor  principal  has  been  paid  on  these 
loans.  The  number  of  gins  was  in  excess  of  the  number  needed. 
By  1932  all  had  been  closed  down  except  those  at  Salisbury  and 
Bindura. 

COSTS   OF   FREIGHT 

In  1932  the  cost  of  ocean  freight  for  cotton  shipped  from  Union 
berth  ports  to  European  berth  ports  was  32  shillings  6  pence  ($7.91) 
per  40  cubic  feet.  Shipments  from  Beira  were  negligible,  but  the 
corresponding  rate  was  42  shillings  ($10.22).  The  rate  for  cotton- 
seed not  over  90  cubic  feet  per  ton  shipped  from  Beira  was  38  shil- 
lings 3  pence  ($9.31)  per  long  ton  or  34  shillings  3  pence  ($8.34) 
per  40  cubic  feet,  at  shipper's  option,  while  the  rate  for  cottonseed 
over  90  cubic  feet  per  ton  was  58  shillings  3  pence  ($14.17)  per 
long  ton. 

NORTHERN   RHODESIA 

In  Northern  Rhodesia  efforts  to  introduce  cotton  have  not  met 
with  success.  The  incidence  of  the  rains  is  less  favorable  and  the 
distance  to  market  is  greater  than  in  the  other  countries  discussed.' 
The  temperatures  are  similar  to  those  in  Arizona  and  southern  Cali- 
fornia, and  rainfall  in  the  most  settled  areas  is  30  to  40  inches  per 
year.  It  is  1,650  miles  by  rail  from  Capetown  to  Livingstone,  the 
most  southern  point  in  Northern  Rhodesia,  and  950  miles  from  the 
Portuguese  port,  Beira,  on  the  east  coast. 

Cotton  production  passed  through  a  minor  boom  period  when 
prices  were  high,  but  the  market  collapsed,  and  jassid  infestation 
brought  production  down  to  almost  nothing.  The  only  gin  is  at 
Mazabuka  in  the  Kafue  Valley,  where  a  few  bales  are  ginned  and 
sold  for  mattress  stuffing.  A  few  bales  have  also  been  produced  in 
the  tobacco  area  near  Fort  Jameson.  Jassid  losses  have  been  solved 
by  introducing  the  U4  variety,  but  no  appreciable  development  is 
expected  in  the  near  future.  Approximately  9  pence  (18  cents)  per 
pound  is  considered  the  necessary  price  for  production  at  a  profit 
under  the  usual  conditions  of  production. 

NYASALAND 

TREND   OF   PRODUCTION 

Nyasaland,  situated  along  Lake  Nyasa  between  Northern  Rhodesia 
and  Mozambique,  rises  from  almost  sea- level  in  the  Zambesi  Valley 
to  elevations  over  8,000  feet  along  the  mountain  range.  It  is  popu- 
lated by  about  1,456,945  natives,  1,117  Asiatics,  and  1,936  Europeans. 
Practically  all  the  native-grown  cotton  is  produced  in  the  two  dis- 
tricts Lower  Shire  and  Chikwawa,  situated  in  the  lowlands  between 
the  Zambesi  River  and  the  town  of  Blantyre.  About  one-third  of 
the  small  acreage  produced  by  Europeans  is  also  in  Lower  Shire  dis- 
trict. Production  by  Europeans  has  gradually  given  way  to  pro- 
duction by  natives. 

Cotton  production  in  Nyasaland  during  1932  was  4,293  bales  of 
478  pounds  net,  as  compared  with  3,737  bales  in  1931,  8,285  bales  in 
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1930,  and  5,407  bales  in  1929.  The  actual  number  of  bales  pro- 
duced in  1930  was  approximately  9,000,  as  compared  with  6,000  in 
1929,  thus  indicating  an  average  weight  per  bale  of  around  425 
pounds  (table  124). 

Table  124. — Cotton:  Acreage,  production,  and  yield  per  acre,  Nyasaland, 

1923-32 


Year  beginning  Aug.  1— 

Grown  by  Europeans 

Grown  by  natives 

Acreage 

Production 

Yield  per 
acre 

Acreage       Production 

Yield  per 
acre 

1923-24 

Acres 
20,948 
26, 120 

Bales  ■ 

2,327 

3,613 

2,369 

1,076 

386 

244 

172 

148 

37 

80 

160 

Pounds 
53.1 
66.1 
64.6 
38.5 
72.5 
111.5 
67.4 
93.0 
78.6 
144.3 
310.5 

Acres »            Bales  • 
9, 456                 1. 086 

Pounds 
54.9 

1924-25               

13, 922 
30,  302 
38,314 
12,862 
14, 950 
34,735 
39, 174 
30,821 
33,575 
29,994 

2,044 
4,345 
3,282 
2,072 
3,713 
5,235 
8,137 
3,700 
4,213 
4,599 

70.2 

1925-26     

17,541 
13,358 
2,545 
1,046 
1,219 
761 

68.5 

1926-27 

40.9 

1927-28          

77.0 

1928-29        

118.7 

1929-30      - 

72.0 

1930-31-.- 

99.3 

1931-32 

225 
265 
246 

57.4 

1932-33 -.- 

1933-34 

60.0 
73.3 

1  Bales  of  478  pounds,   calculated  by  multiplying  hundredweight  of  seed  cotton  by  112  pounds  and 
dividing  result  by  1,500. 
i  Estimated. 

Nyasaland  Department  of  Agriculture  correspondence,  dated  May  12,  1932. 

Improved  varieties,  particularly  U4,  which  is  jassid-resistant,  and 
earlier  and  closer  planting  have  resulted  in  increased  yields.  Pink 
bollworm  caused  the  Karonga  area  at  the  northern  end  of  Lake 
Nyasa  to  be  prohibited  from  cotton  growing  for  the  5  years  1925  to 
1929,  and  on  account  of  low  prices  production  in  this  area  was  not 
encouraged  in  1931.  With  the  exception  of  the  cotton  produced  in 
the  Karonga  area,  approximately  91  bales  of  478  pounds  in  1930,  the 
crop  was  all  bought  by  the  British  Cotton  Growing  Association, 
which  exported  7,709  bales  of  native-grown  lint  (table  125). 

The  actual  average  weight  of  the  bales  ginned  at  the  Ngara  gin 
at  the  northern  end  of  Lake  Nyasa  was  448  pounds  per  bale. 


Table  125. 


-Cotton:  Quantity   and   quality   purchased    by   the  British   Cotton 
Growing  Association,   Nyasaland,   1926-30 


Year' 

Quantity  purchased 

Quality 

Seed  cotton 

Equivalent 

First 

Second 

Third 

1926  

Pounds 
4, 921,  280 
3, 106, 880 
5, 568,  640 
7,851,200 

12, 203,  520 

Bales  a 
3,281 
2,071 
3,712 
5,234 
8,136 

Percent 
67 
78 
88 
87 
88 

Percent 
21 
20 
11 
11 
11 

Percent 
12 

1927. 

2 

1928     

1 

1929 

2 

1930 

i  Harvested  mostly  after  Aug.  1. 

*  Seed  cotton  divided  by  1,500  pounds  to  derive  bales  of  478  pounds. 

Nyasaland  Department  of  Agriculture  (24,  Rept.  19S0,  p.  7). 
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Cotton  production  by  natives  has  maintained  itself  surprisingly 
well  during  recent  years.  Improvements  in  transportation  and  in 
cultural  methods  and  varieties  lead  to  the  belief  that  cotton  produc- 
tion in  Nyasaland  will  extend  northward  within  the  next  5  years. 
The  Zambesi  River  is  being  bridged  and  the  railway  is  being  ex- 
tended northward  about  150  miles  from  Blantyre  to  Domira  Bay, 
which  is  40  miles  up  Lake  Nyasa,  on  the  western  side. 

The  principal  area  at  present  is  that  portion  of  the  Rift  Valley 
designated  as  the  Lower  River  section,  including  Lower  Shire  and 
Chikwawa  districts.  The  elevation  is  only  200  to  500  feet  above  sea 
level,  and  the  cotton  is  grown  either  as  a  winter  crop  (planted  be- 
tween March  and  May  and  harvested  between  September  and  De- 
cember) or  as  a  semisummer  crop  planted  in  January  or  February 
and  harvested  between  July  and  October.  Further  north  cotton  may 
be  grown  as  a  summer  crop,  planted  in  November  or  December  and 
harvested  between  May  and  August. 

The  remainder  of  the  Rift  Valley,  having  an  elevation  of  1,000 
to  2,500  feet,  has  been  proved  suitable  for  cotton  production,  as  a 
winter,  semisummer,  or  summer  crop.  This  area  includes  the  dis- 
tricts of  Blantyre  West,  Upper  Shire  West,  South  Nyasa  West, 
Ncheu,  Dedza  East,  Dowa  East,  Kotakota  East,  and  Karonga  East. 

The  eastern  plateau  area,  having  an  elevation  of  2,000  to  3,500 
feet,  is  considered  suitable  for  cotton  as  a  semisummer  or  summer 
crop.  This  area  includes  the  districts  of  Cholo,  Mlanje,  Blantyre 
East,  Chiradzulu,  Zomba,  Upper  Shire  East,  and  South  Nyasa  East. 

The  western  plateau  areas  (Central  Angoniland)  will  be  reached 
or  approached  by  the  railway  extension.  Elevations  vary  from  2,500 
to  4,000  feet.  The  area  is  considered  less  reliable  than  the  other 
cotton  areas  in  Nyasaland  as  to  rainfall,  and  in  the  Lilongwe  High- 
lands frosts,  which  occur  during  June  and  July,  have  been  found  to 
be  a  limiting  factor.  Cotton  production  will  therefore  be  successful 
there  only  as  a  summer  crop.  This  area  includes  the  districts  of 
Dedza  West,  Lilongwe,  Fort  Manning,  Dowa  West,  Kotakota  West, 
and  Kasungu. 

PRICES 

The  fall  in  prices  paid  to  native  cotton  growers  in  Nyasaland 
has  greatly  discouraged  cotton  production  by  natives.  In  1929  the 
native  grower  received  2  and  1%  pence  (4  and  3^2  cents)  for 
his  first-grade  seed  cotton;  in  1930,  1%  pence;  and  in  1931,  five- 
eighths  and  one-half  penny  (IVi  and  1  cent).  The  higher  1931  price 
was  paid  in  Lower  Shire  district  and  the  lower  price  in  Chikwawa 
and  the  more  northerly  areas.  The  prices  paid  in  Lower  Shire  and 
Chikwawa  districts  were  provided  entirely  by  the  British  Cotton 
Growing  Association,  but  the  one-half  penny  (1  cent)  per  pound  for 
first-grade  seed  cotton  in  the  other  areas  was  made  up  of  one-fourth 
penny  (one-half  cent)  per  pound  paid  by  this  one  association  and 
one-fourth  penny  per  pound  subsidy  by  the  Government.  Third- 
grade  cotton  sold  for  as  little  as  one-fourth  and  one-half  penny  dur- 
ing 1930,  and  the  total  cost  to  the  association  (£46,517)  averaged  0.91 
penny  (1.8  cents)  per  pound  of  seed  cotton.  In  1929  the  average 
price  paid  by  the  association  was  1.87  pence  (3.7  cents).  In  north- 
ern Nyasa,  where  the  association  does  not  buy,  another  large  cor- 


AGRICULTURE    IN    SOUTHERN    AFRICA  271 

poration  and  a  private  buyer  purchased  at  a  flat  price  of  1  penny 
(2  cents)  per  pound. 

In  the  United  States  prices  for  seed  cotton  (on  the  basis  of  one- 
third  of  the  price  for  lint)  were  5.6,  3.2,  and  1.9  cents  per  pound, 
respectively,  during  1929,  1930,  and  1931. 

The  5-year  agreement  between  the  Nyasaland  Government  and  the 
British  Cotton  Growing  Association  terminated  in  1931,  and  the  as- 
sociation took  the  position  that  it  was  unable  to  guarantee  prices  any 
longer  in  view  of  the  losses  incurred  during  the  preceding  years.  The 
Government  decided  that  it  could  not  pay  the  subsidy  of  one-fourth 
pence  (one-half  cent)  per  pound  of  seed  cotton  in  1932,  and  the  Gov- 
ernment advised  growers  in  the  northern  area  not  to  plant  with  the 
prospect  of  a  price  of  only  one-fourth  penny  per  pound.  However,  in 
the  Lower  Shire  and  Chikwawa  districts,  where  the  association  had 
paid  (without  the  aid  of  a  subsidy)  five-eighths  and  one-half  penny 
(11/4  and  1  cents)  per  pound  in  1931,  the  growers  were  advised  that, 
although  the  1932  prices  were  expected  to  be  not  less  than  those  of 
1931,  there  was  no  guarantee  that  the  prices  would  be  maintained. 
Some  seed  was  also  issued  in  the  Central  Shire  and  Blantyre  district, 
where  the  prospect  was  for  only  one-fourth  penny  per  pound  for  the 

1932  crop.  As  a  result  of  these  factors,  the  quantity  of  seed  issued 
for  the  1932  crop  was  only  187  long  tons,  as  compared  with  2,477  tons 
in  1931  and  5,448  tons  in  1930.     The  quantity  of  seed  issued  for  the 

1933  crop  was  about  360  tons. 

METHODS   OF  PRODUCTION 

In  the  two  southern  districts  of  Chikwawa  and  Lower  Shire,  where 
most  of  the  Nyasaland  cotton  is  grown,  there  were  56,878  native  tax- 
payers, including  exemptions,  in  1929,  of  whom  27,495  received  issues 
of  free  seed  from  the  Government,  averaging  50  pounds  each.  There 
was  produced  in  1930  an  average  of  386  pounds  of  seed  cotton  per  pro- 
ducer, which  was  sold  at  an  average  price  of  0.96  penny  (1.94  cents) 
per  pound.  Each  native  plants  a  small  garden  of  a  half  acre  to  1 
acre.  A  few  natives  frequently  plant  70  to  100  seeds  per  hole  and 
do  not  thin  the  plants  much  if  at  all.  It  is  common  to  find  10  to  20 
plants  growing  per  hole.  For  that  reason  only  4  to  6  pounds  of  seed 
cotton  are  obtained  per  pound  of  seed  issued.  For  the  1932  crop  it 
was  proposed  to  substitute  U4  variety  seed  in  place  of  Nyasaland  Up- 
land throughout  the  Lower  Shire  area  and  to  issue  to  each  grower 
only  15  pounds  of  seed.  Eventually  it  is  planned  to  issue  only  15 
pounds  of  free  seed  to  each  grower  and  to  charge  1  penny  (2  cents) 
for  every  additional  5  pounds  of  seed. 

The  rainy  season  in  the  Lower  Shire  area  begins  in  November  and 
ends  in  April.  There  is  practically  no  rainfall  during  the  interven- 
ing winter  months.  The  total  rainfall  in  the  4  years  1927  to  1930 
ranged  from  24  to  36  inches.  In  southern  Nyasaland  planting  is  done 
preferably  with  the  first  good  rain  after  February  15,  although  some 
cotton  is  planted  in  January  and  a  great  deal  in  March.  At  Domira 
Bay,  some  distance  up  on  the  shore  of  Lake  Nyasa,  where  cotton  is 
less  important,  it  is  planted  in  December  and  picked  during  June  and 
July.  In  order  to  discourage  late  planting  all  seed  stores  are  opened 
early  in  January  and  are  closed  on  March  15.     On  the  lighter,  sandier 
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soils  which  dry  out  quickly  in  the  dry  season  the  natives  prefer  to 
plant  early  in  January.18  The  blooms  that  open  in  July,  after  the 
earliest  bollworms  have  appeared,  produce  the  bulk  of  the  crop.  A 
late  set  of  cotton  blooms  usually  appears  in  August  or  September. 

Picking  is  general  during  September  and  October.  A  measurement 
of  70  native  plots  revealed  yields  ranging  from  78  to  884  pounds  of 
seed  cotton  per  acre.  The  average  yield  of  native-grown  seed  cotton 
was  250  pounds  per  acre  in  the  lighter  soil  and  350  pounds  on  the 
heavier  soil.  The  average  yields  obtained  at  Domira  Bay  Experiment 
Station,  more  than  500  pounds  of  seed  cotton  per  acre,  compare 
favorably  with  average  yields  in  the  United  States. 

Red  bollworm  and  Sudan  bollworm  cause  considerable  damage 
particularly  during  June.  Cotton  stainers  are  the  principal  cause  for 
cotton  grading  below  no.  1.  To  prevent  disease  the  Government  re- 
quires all  old  cotton  stalks  to  be  uprooted  by  December  15,  and  an 
earlier  date,  November  15,  is  being  considered. 

Buying  began  throughout  the  Lower  River  area  in  1931  on  Septem- 
ber 14.  Only  4  markets  operated  in  1931,  as  compared  with  11 
in  the  preceding  year ;  while  in  the  northern  cotton-growing  area  the 
number  of  markets  was  reduced  from  19  to  8.  These  changes  made 
it  necessary  for  the  grower  to  carry  his  cotton  longer  distances  than 
usual,  and  only  first-grade  cotton  was  bought.  From  the  quantity 
of  seed  distributed  for  the  1931  crop,  amounting  to  760  long  tons, 
it  was  estimated  that  the  production  in  Lower  Shire  and  Chikwawa 
would  be  4,500  long  tons  of  seed  cotton  (about  7,250  bales  of  lint), 
and  450  tons  (about  725  bales)  from  the  northern  areas.  Actually, 
the  quantities  bought  from  the  growers  were  2,166 y2  and  310  tons, 
respectively,  about  3,490  and  500  bales,  respectively.  It  is  apparent 
that  the  growers,  influenced  by  low  prices  and  increased  distances  to 
markets,  did  not  carry  to  market  all  of  their  production. 

No  cotton  wa$  grown  in  the  extreme  north  in  1931  owing  to  the 
distance  of  700  miles  from  the  coast  and  the  low  price  of  cotton. 

In  the  Lower  River  area  22,739  pounds  of  no.  1  seed  cotton  was 
found  to  yield  7,820  pounds  of  lint,  which  is  a  ginning  percentage 
of  34.4.  From  this  slender  evidence  it  would  appear  that  seed  cotton 
should  be  divided  by  1,390  pounds  instead  of  1,500  pounds  when  con- 
verting seed  cotton  into  bales  of  lint  of  478  pounds  net. 

MOZAMBIQUE 

TREND  OF  PRODUCTION 

Mozambique  is  divided  into  seven  governmental  districts  in  addi- 
tion to  the  vast  area  chartered  to  the  Mozambique  Co.  From  south  to 
north  these  districts  are  Lourenco  Marques,  Imhambane,  chartered 
territory  of  the  Mozambique  Co.,  Tete  (extending  westward  up  the 
Zambesi  River),  Quelimane,  Mozambique,  Cabo  Delgado,  and  Nyasa. 

Temperatures  in  Mozambique  are  suitable  for  the  production  of 
cotton.  Lourenco  Marques  has  a  summer  temperature  similar  to 
that  of  Raleigh,  N.  C,  but  its  winter  temperature  is  about  20°  higher. 
Temperatures  in  the  Zambesi  Valley  and  in  the  northern  districts 

18  In  the  northern  Nyasa  area  cotton  was  grown  in  1930  by  349  natives,  who  produced 
136,990  pounds  of  seed  cotton,  an  average  of  only  392  pounds  each.  The  seed  was  issued 
by  the  Government  and  consisted  of  the  varieties  U4,  Over  the  Top,  and  Cambodia  GC  664. 
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are  somewhat  higher  and  more  comparable  with  Texas  summer  tem- 
peratures, but,  again,  the  winter  temperatures  are  much  higher. 
Temperatures  are  high  enough  in  the  northern  districts  to  make  it 
possible  to  plant  cotton  in  the  fall  (March)  and  grow  it  as  a  winter 
crop,  thereby  reducing  losses  from  disease  which  are  associated  with 
the  high  temperatures  and  heavy  rainfall  of  the  summer  months. 

The  average  annual  rainfall  at  Lourenco  Marques  is  about  32 
inches,  of  which  26  inches  falls  between  October  and  March.  In  va- 
rious years  the  rainfall  between  October  and  March  in  Lourenco 
Marques  has  ranged  between  13  and  58  inches.  This  lack  of  depend- 
ability is  a  disadvantage,  as  is  the  irregularity  of  the  monthly  dis- 
tribution. The  annual  rainfall  near  the  mouth  of  the  Zambesi  Eiver 
is  approximately  51  to  78  inches.  In  the  mountains  of  the  northern 
districts  the  rainfall  is  approximately  as  high.  In  the  Shire  Valley, 
just  south  of  Lake  Nyasa,  the  average  rainfall  is  only  27  to  32  inches, 
and  this  also  characterizes  a  broad  belt  lying  between  the  Zambesi  or 
coast  and  the  mountainous  areas  to  the  northwest.  The  heavy  rain- 
fall, floods  in  the  lowland,  and  high  humidity,  combined  with  high 
temperatures  favorable  to  the  spread  of  various  plant  diseases  and 
excessive  vegetative  growth,  operate  to  limit  the  possibilities  of 
cotton  growing  in  a  large  part  of  Mozambique. 

Attempts  to  grow  cotton  have  been  made  since  1900  (8) .  Egyptian, 
sea-island,  and  upland  varieties  have  been  tried  in  turn.  The  prin- 
cipal effort  was  made  between  1922-23  and  1925-26  with  Government 
assistance.  In  1921  the  Government  distributed  seed  to  individual 
farmers  and  to  selected  natives  in  Quelimane,  and  about  22,000  acres 
were  planted  in  1922-23.  Eesults  did  not  justify  continued  efforts 
except  in  the  Shire  and  lower  Zambesi  Valleys,  where  in  1924-25 
there  were  9,600  acres  and  2,700  acres,  respectively,  as  compared  with 
2,600  acres  in  the  rest  of  Quelimane  district.  Exports  from  the  dis- 
trict of  Quelimane  dating  from  1907  reached  about  1,500  bales  of  500 
pounds  in  1925.  In  Mozambique  District,  north  of  Quelimane,  small- 
scale  attempts  have  been  made  repeatedly  since  before  1916,  but  in 
1926  only  a  few  small  farms  had  grown  cotton  regularly  over  a  period 
of  5  years.  In  the  southern  districts  of  Lourenco  Marques  and  In- 
hambane  cotton  production  on  a  commercial  scale  was  first  attempted 
about  1920-21.  Fair  yields,  good  quality,  and  high  prices  stimulated 
a  boom  beginning  in  1923-24  when  82  registrants  for  cotton  growing 
listed  4,500  acres  for  cotton  planting,  and  this  number  increased  to 
195  in  1924^25  who  listed  about  33,000  acres  for  cotton  planting. 
Several  cotton-growing  corporations  entered  the  field  between  1924 
and  1926,  and  three  modern  cotton  gins  were  built  in  Lourenco  Mar- 
ques. Disastrous  results  from  excessive  rainfall,  drought,  insects,  and 
disease  greatly  discouraged  producers,  and  acreages  were  reduced. 
Low  prices  have  subsequently  had  the  same  effect. 

Two  large  rivers,  the  Zambesi  and  Limpopo,  and  several  smaller 
rivers,  including  Inkomati  and  S.abi,  offer  fertile  alluvial  valleys  and 
deltas  which  are,  from  a  soil  point  of  view,  suitable  for  cotton  except 
when  subject  to  frequent  overflow.  The  upland  soils  are  black  clay 
or  red  loam,  and  these  often  are  good  cotton  lands.  The  rainfall  is 
ample  and  well  distributed,  but  depth  of  soil  is  lacking,  and  the 
fertility  declines  rapidly  under  cultivation.  Most  of  the  suitable 
soils  are  found  in  the  districts  of  Quelimane  and  Lourenco  Marques. 

96389°— 35 18 


274    TECHNICAL  BULLETIN    4  6  6,   U.   S.   DEPT.   OF  AGRICULTURE 

Two  common  cotton  pests  of  the  United  States,  the  Mexican  cotton 
bollweevil  and  pink  bollworm,  are  not  found  in  Mozambique.  The 
principal  pests  are  American  bollworm,  spiny  bollworm,  Sudan  boll- 
worm,  cotton  stainers,  jassids,  and  stalk  borers.  The  cotton  stainers 
puncture  the  bolls  and  cause  rot  to  set  in,  or  they  attack  the  seed  in 
the  opening  bolls  and  cause  discolored  and  immature  fibers.  The 
jassid  is  a  leaf  hopper  that  attacks  the  cotton  leaves  and  causes  great 
loss.  This  pest  is  being  overcome  by  developing  hairy-leafed  types 
of  cotton  which  are  jassid-resistant.  The  boll  rots  are  carried  by 
insects  and  are  more  serious  because  of  the  prevailing  climatic  con- 
ditions. Bacterial  blight  and  anthracnose  also  cause  serious  damage. 
Damage  from  insects  and  disease  is  reduced  by  growing  cotton  in  the 
winter  season,  but  this  is  only  possible  in  the  northern  areas  of  the 
lower  Zambesi  Valley  and  the  coast  of  Quelimane  or  under  irrigation 
in  the  Lourenco  Marques  District. 

The  principal  varieties  are  Nyasaland  Upland,  Improved  Ban- 
croft, and  Zululand  Hybrid.  The  jassid-resistant  U4  variety  is  of 
more  recent  introduction. 

Many  yields  have  been  too  low  for  profit  (S) .  The  highest  yield 
in  the  Shire  Valley  in  the  three  harvests  of  1923  to  1925  was  61 
pounds  of  lint  per  acre,  and  the  highest  average  in  the  lower  Zam- 
besi and  coastal  belts  was  140  pounds  per  acre ;  in  the  Quelimane  dis- 
trict it  was  257  pounds  per  acre.  If  yields  of  100  to  125  pounds  of 
lint  cotton  per  acre  were  not  profitable  when  the  price  was  20  cents 
per  pound,  there  is  little  possibility  of  expanding  cotton  production 
profitably  at  present  prices,  even  if  the  yields  could  be  miraculously 
increased. 

The  market  value  of  the  crop  is  reduced  by  lack  of  uniformity  in 
staple  length  caused  by  irregular  rainfall.  The  length  of  fiber  pro- 
duced in  Mozambique  is  reported  to  be  about  1  to  1TV  inches  for  Nya- 
saland Upland  and  1%  to  1-ft-  inches  for  Improved  Bancroft.  The 
Government  has  fostered  cotton  production  by  distributing  seed  and 
in  other  ways,  but  it  undertakes  little  research  for  the  improvement 
of  the  industry,  and,  furthermore,  imposes  an  export  duty  on  cotton. 

Labor  supplies  are  cheap  and  abundant  except  in  the  district  of 
Lourenco  Marques,  which  supplies  labor  for  the  Hand  mines.  But 
the  labor  is  not  dependable,  and  because  of  its  shifting  nature  it  is 
impossible  to  retain  skilled  labor.  As  a  result  farming  operations 
are  inefficiently  performed.  A  system  whereby  share  cropper  or  the 
volunteer  labor  of  squatters  would  be  substituted  for  the  system  of 
paying  cash  wages  is  a  suggested  improvement. 

The  tsetse  fly  spreads  sleeping  sickness  among  people  and  nagana 
among  cattle.  The  occurrence  of  these  flies  in  most  of  Mozambique 
often  makes  the  use  of  oxen  impossible.  Donkeys  are  substituted 
since  they  are  not  subject  to  the  fatal  "  horse  sickness."  Wild  eland, 
the  largest  of  the  African  antelopes,  which  are  almost  immune  to 
these  diseases,  are  being  domesticated  in  a  few  instances  to  be  used 
as  work  animals. 

No  material  expansion  of  cotton  production  may  be  expected  under 
prevailing  conditions  of  low  prices  and  low  yields.  When  cotton 
prices  have  improved  it  may  be  possible  to  produce  profitable  yields 
on  the  better  soils  by  introducing  scientific  farming  methods,  involv- 
ing the  more  efficient  use  of  native  labor,  the  more  effective  control  of 
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insects  and  diseases,  and  the  investment  of  capital  in  providing 
drainage  and  irrigation  systems.  Malaria  and  other  tropical  diseases 
are  prevalent  and  inhibit  settlement  by  Europeans. 

There  is  the  possibility  that  more  cotton  will  be  produced  as  a  na- 
tive-grown crop  without  European  supervision,  but  under  present 
conditions  cotton  production  by  Europeans  is  declining.  In  1929-30 
the  acreage  in  Manica  and  Sofala  was  21,864  (1,423  European  and 
20,441  native),  and  in  the  remainder  of  the  colony  47,813  European 
and  an  insignificant  acreage  native  (table  126).  In  1931-32  the  acre- 
age was  19,160  acres  in  Manica  and  Sofala  (including  only  736  acres 
grown  by  Europeans),  and  about  35,000  acres  in  the  remainder  of  the 
colony  (table  127).  Severe  droughts  during  the  summer  of  1931-32 
reduced  the  crop  in  the  Lourenco  Marques  and  Imhambane  districts 
to  less  than  half  of  normal.  The  largest  single  producing  company, 
located  at  Moamba,  Lourengo  Marques  district,  had  reduced  its  acre- 
age by  four-fifths  and  has  now  transferred  most  of  its  European  per- 
sonnel to  another  estate  under  the  same  ownership  in  Swaziland. 

Table   126. — Cotton:    Acreage,    production,    and    yield   per    acre,    Mozambique, 

1929-30 


On  land  occupied  by  Europeans 

Quantity 

purchased 

from 

natives 

District 

Growers 

Acreage 

Produc- 
tion 

Yield  per 
acre 

Niassa ._ 

Number 

0 

27 

14 

20 

2 

22 

7 

64 

Acres 

Bales  i 

Pounds 

Bales ! 

Cabo  Delgado  2 

12,006 
1,948 

11, 350 
1,237 
1,423 
1,591 

19,681 

685 

257 

1,859 

36 

7226 

136 

3,209 

27.3 
63.1 
78.3 
13.9 
7  75.9 
40.9 
77.9 

Mozambique 3..  ._ __  -.. ... 

16 

Quelimane  4 

71 

Tete« 

Manica  and  Sofala6 

(«) 

46 

Inhambane" 

Lourenco  Marques  10 

Total 

156 

49,236 

6,408 

62.2 

133 

1  Computed  bales  of  478  pounds. 

3  Chiefly  in  Montepuez  and  Pemba  subdistricts. 

8  Chiefly  in  Ribaue  and  Malema  subdistricts. 

*  Chiefly  in  Massingire  subdistrict. 

*  Chiefly  in  Barue  subdistrict. 

*  Chiefly  in  Chimoio,  Chemba,  and  Sena  subdistricts. 

i  Also  reported  to  have  been  686  bales  averaging  230.4  pounds  per  acre,  but  apparently  seed  cotton  was 
reported  as  cotton  lint. 

8  Not  reported  but,  judging  by  exports,  represented  a  large  part  of  the  total  crop. 

9  Chiefly  in  Inharrime  subdistrict. 

10  Chiefly  in  Sabie  and  Maputo  subdistricts. 

Colonia  de  Mozambique  Recenseamento  Agricola  (18). 

GOVERNMENT  AIDS 

The  Government  committee  appointed  from  Lisbon  in  1931  to 
examine  the  economic  situation  in  Mozambique  reported  that  sub- 
stantial concessions  should  be  made  in  favor  of  products  coming  from 
this  colony  and  imported  into  Portugal.  The  proposals  included  the 
abolition  of  the  tariffs  on  cotton,  a  50-percent  reduction  in  the  tariff 
on  tobacco,  and  certain  aid  for  the  colony's  surplus  sugar.  It  was 
recommended  that  the  maximum  discount  rate  chargeable  by  the 
banks  should  be  2  percent  and  that  ocean  freight  and  shipping 
charges  should  be  reduced, 
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Tabus   127. — Cotton:   Acreage    and   production,    Manwa   and    Sofala   districts, 

1927-28  to  1931-32 


On  land  occupied  by- 

Year 

beginning 

Aug.  1 

Europeans 

Natives 

j.  otai 

Acreage 

Produc- 
tion 

Yield 
per  acre 

Acreage 

Produc- 
tion 

Yield 
per  acre 

Acreage 

Produc- 
tion 

Yield 
per  acre 

1927-28 

1928-29 

1929-30 

1930-31 

1931-32 

Acres 

823 

1,045 

1,423 

1,704 

736 

Bales  i 
109 
134 
226 
121 
205 

Pounds 
63 
61 
76 
34 
133 

Acres 

19,  772 
23,  082 

20,  441 
22,  309 
18,  424 

Bales  ' 
2,803 
2,180 
2,569 
2,774 
2,289 

Pounds 
68 
45 
60 
59 
59 

Acres 
20,  595 
24, 127 
21, 864 
24, 013 
19, 160 

Bales  i 
2,912 
2  2,  272 
2,795 
2,895 
2, 494 

Pounds 
G8 
45 
61 
58 
62 

1  Converted  to  bales  of  478  pounds  net  weight. 

2  Slight  error  in  original  data. 

Data  supplied  by  the  Governor,  Companhia  de  Mozambique,  and  Vice  Consul  Toch,  Lourenco  Marques- 
Ill  1932  Portugal  began  paying  an  export  bounty  on  colonial  cotton 
at  a  rate  equal  to  the  difference  between  the  fixed  price  of  8  escudos 
per  kilogram  and  the  average  market  price  for  the  month.  The 
following  figures  published  in  1932  in  the  newspaper  Provincia  de 
Angola,  give  the  average  market  price  for  cotton  as  5.6  escudos  (27 
cents)  in  July,  6.45  escudos  (31  cents)  in  August,  and  6.45  (31  cents) 
in  September.  These  are  the  basic  prices  that  are  to  be  compared 
with  8  escudos  (38  cents) .  The  unofficial  local  prices  quoted  by  the 
same  newspaper  were  as  follows : 

July  24 6.30  escudos  (30  cents) 

September  21 , 7.00  escudos   (34  cents) 

September  26 6.00  escudos  (29  cents) 

From  this  it  will  appear  that  a  shipment  made  on  July  24  would 
have  been  subsidized  at  the  rate  of  2.4  escudos  (12  cents)  per  kilo- 
gram, making  a  total  return  to  the  exporter  of  8.7  (42  cents),  while 
on  September  26  a  shipper  would  have  received  a  subsidy  of  1.55  escu- 
dos (7  cents)  plus  the  price  of  6  escudos  (29  cents),  making  a  total 
of  7.55  escudos  (36  cents)  or  16  cents  per  pound.  These  figures, 
although  not  official,  illustrate  how  the  cotton  decree  will  be  applied 
in  Mozambique  on  shipments  of  raw  cotton  sent  to  Portugal. 

The  premium  paid  by  the  Portuguese  Government  is  equal  to  the 
difference  between  the  average  quotation  for  lint  on  the  Lisbon  ex- 
change or  the  average  New  York  price  of  Good  Middling  and  the 
fixed  price  of  8  escudos  per  kilogram,  the  comparison  being  for  the 
month  of  shipment.     In  1932  this  worked  out  somewhat  as  follows : 

Average  price  October,  New  York 7.  45  cents  gold. 

Premium  for  Good  Middling .25  cents. 

Total 7.  70  cents. 

Equivalent 3. 35  pence. 

28  percent  exchange 1.30  pence. 

Sterling  price 4.  65  pence. 

8  escudos  equals 7.  77  pence  sterling. 

Price  difference 3.12  pence  sterling. 

Equivalent  difference 1%  pence  gold. 
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The  cotton  decree  which  grants  a  premium  on  colonial  cotton,  is 
being  extended  to  apply  to  cotton  grown  in  the  territory  of  the  Mo- 
zambique Co.,  which,  for  certain  purposes,  is  separately  administered. 
This  is  said  to  be  having  a  stimulating  effect  on  cotton  growers  and 
exporters  in  this  territory  (table  128). 


Table  128. 


-Cotton:  Exports  of  lint  produced  in  Mozambique,  average 
1912-20,  annual  1921-32 


Calendar  year 

Manica 
and 

Sofala  « 

Other 
dis- 
tricts > 

Total  « 

Calendar  year 

Manica 

and 
Sofala  i 

Other 
dis- 
tricts 1 

Total  i 

Average: 

1912-15 

Bales  ' 
(3) 
(3) 

w 

(3) 
(3) 
(3) 
(3) 
(3) 

Bales  ' 
544 
779 
1,005 
1,042 
1,508 
1,780 
3,192 
5, 322 

Bales' 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 

Average— Contd. 
1927 

Bales ' 

w 

(3) 

2,009 
2,613 
2,223 
3,081 

Bales ' 
4,404 
2,509 
5,185 
5,383 
4,621 
5,184 

hales ' 
(3) 
(3) 
7,194 

1916-20 

1928 

1921. 

1929 

1922 

1930 

7,996 
6,844 
8,265 

1923 

1931 

1924... 

1932. .. 

1925 

1926.. 

i  Not  including  small  quantities  of  linters  and  seed  cotton. 
'  Converted  to  bales  of  478  pounds  net  weight. 
3  Data  unavailable. 

Official  sources. 


During  the  year  ended  June  30,  1933,  payments  by  the  Portuguese 
Government  to  cotton  exporters  of  Mozambique  under  the  bounty 
scheme  of  1932  amounted  to  1,577,000  escudos  (20  percent  Lisbon 
escudos  at  110  per  pound  sterling  and  80  percent  Mozambique  escudos 
at  113  per  pound  sterling),  the  equivalent  of  $68,000  (about  $8.50 
per  bale)  less  the  depreciation  of  the  pound  in  relation  to  the  dollar. 


ANGOLA 

Cotton  has  been  grown  by  natives  in  Angola  for  perhaps  a  cen- 
tury or  more.  Cotton  growing  has  been  encouraged  by  the  Govern- 
ment at  various  times.  In  1845  all  natives  gathering  331  pounds  of 
cotton  annually  were  exempted  from  military  service.  In  1906  the 
Government  established  an  experiment  station  about  60  miles  inland 
from  Luanda,  where  most  of  the  cotton  was  grown.  In  1870,  as  a 
consequence  of  the  American  Civil  War,  exports  reached  about 
4,600  bales  of  478  pounds  but  declined  thereafter  to  157  bales  in 
1903.  They  increased  with  increasing  prices  after  1917  to  a  recent 
maximum  of  4,239  bales  in  1933.  Production  varies  considerably 
from  year  to  year  according  to  rainfall  (table  129). 

Cotton  is  grown  in  the  northwestern  part  of  Angola  in  the  low 
country  near  Luanda  and  on  the  Malange  Plateau.  It  is  also  grown 
to  some  extent  in  the  vicinity  of  rivers  southward  along  the  coast. 
The  crop  is  ginned  and  exported  by  Europeans. 

During  the  5  years  1923-24  to  1927-28  the  average  yield  per  acre 
was  120  pounds  of  lint.  The  crops  planted  in  1927,  1928,  and  1929 
averaged  80,  80,  and  40  pounds  per  acre.  These  low  yields  indicate 
that  the  competitive  position  of  Angola  is  weak. 
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About  1885  a  settlement  of  South  African  Dutch  people  was  es- 
tablished in  Angola.  Conditions  were  found  unsatisfactory  and  in 
1928  nearly  all  of  them,  about  1,600  persons,  moved  to  South-West 
Africa.  The  Portuguese  export  bounty  on  colonial  cotton  may  stim- 
ulate further  production,  but  past  experience  does  not  indicate  that 
production  will  reach  significant  proportions  in  the  near  future. 


Table  129. — Cotton, 


Acreage,  production  and  exports,  Angola,  average  1910-14, 
annual  1912,  1913,  and  1919-33 


Crops  planted  late  in 
previous  year 

Exports 

Calendar  year 

Crops  planted  late  in 
previous  year 

Calendar  year 

Acre- 
age 

Pro- 
duc- 
tion 

Yield 
per 
acre 

Acre- 
age 

Pro- 
duc- 
tion 

Yield 
per 
acre 

Exports 

Average,  1910-14. 
1912 

Acres 

Bales ! 

Pounds 

Bales  » 

650 

447 

798 

1,204 

909 

1,889 

3,456 

1,720 

3,182 

1925 

Acres 

Bales  i 
2,758 
3.776 
2,012 
1,992 
3,328 

Pounds 

80" 
80 
80 
40 

Bales  ■ 
2,956 

1926 

22, 479 
11,974 
11,858 
39,  551 

3,842 

1913 

1927 

2,011 

1919 

1928 

2  1,992 

1920 

1929 

1930 

3,670 

1921 

3.597 

1931 

2,094 

1923 

1932 

2,703 

1924 

3,067 

1933 

4,239 

i  Calculated  bales  of  478  pounds  net  weight. 

2  Of  which  93  percent  was  exported  to  Portugal,  4  percent  to  Germany,  and  3  percent  to  Belgium. 

Economic  Conditions  in  Angola,  by  British  Consul  General,  Luanda,  1923,  1925,  1929,  and  1932,  and 
reports  of  the  International  Institute  of  Agriculture. 

TANGANYIKA 


TREND   OF   PRODUCTION 


Cotton  production  was  introduced  into  Tanganyika  more  than  30 
years  ago,  when  it  was  under  German  control  (IS).  Originally  each 
native  hut  owner  in  the  coastal  area  was  influenced  to  plant  one-half 
hectare  (about  1%  acres)  of  cotton,  but  after  the  native  rebellion  of 
1905-6  it  was  necessary  to  recommence  the  work.  Cotton  was  per- 
mitted to  be  grown  among  the  corn,  bonuses  were  given  for  good  cul- 
tivation and  sorting,  and  prizes  were  given  to  official  chiefs  for  en- 
couraging cotton  growing.  Eventually  the  Germans  changed  to  a 
policy  of  declaring  a  guaranteed  price  of  0.17  to  0.21  shilling  (4.1 
to  5.1  cents)  per  pound  of  seed  cottton.  Under  this  policy  some  pri- 
vate buyers  overbid  for  the  cotton,  while  others  paid  lower  prices  be- 
cause they  were  allowed  to  distribute  free  seed  to  natives  on  condition 
that  the  cotton  be  sold  exclusively  to  them.  After  the  native  rebel- 
lion, production  recovered  in  1908  to  1,486  bales  of  400  pounds  (1,244 
bales  of  478  pounds),  coming  chiefly  from  northern  Tabora,  Baga- 
moyo,  Rufiji,  and  Kilwa,  with  irregular  quantities  from  Mwanza  and 
Tanga.  At  that  time  both  Egyptian  and  upland  varieties  were 
grown,  although  Egyptian  varieties  have  since  been  abandoned.  The 
quantity  of  seed  distributed  to  natives  increased  from  177  long  tons 
in  1910  to  406  tons  in  1912,  and  542  tons  in  1913.  The  production  of 
lint  in  1913  amounted  to  10,349  bales  of  400  pounds  (8,660  bales  of 
478  pounds)  and  was  exceeded  in  value  only  by  rubber,  sisal,  and 
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hides  and  skins.  Official  regulation  to  ensure  payment  of  fair  prices 
proved  to  be  the  most  effective  stimulant  to  native  cotton  growing. 

During  this  period  Europeans,  including  17  companies,  also  at- 
tempted to  establish  cotton  plantations ;  but  although  acreage  grown 
by  Europeans  increased  from  11,000  acres  in  1909  to  21,795  acres  in 
1910  (165  plantations)  besides  13,306  acres  interplanted  with  rubber 
or  sisal,  two-thirds  of  the  production  was  from  native  sources.  The 
production  by  Europeans  was  centered  in  the  districts  of  Mohoro, 
Kilwa,  Linde,  Morogoro,  and  Mwanza.  The  efforts  of  these  Euro- 
pean planters  were  unsuccessful  because  of  the  unsuitable  climatic 
conditions  in  the  northern  districts  and  unsuitable  soils  and  inferior 
methods  of  production  elsewhere. 

Cotton  raising  by  paid  labor  was  quickly  abandoned  except  in  the 
Kilosa  and  Morogoro  districts,  although  in  1908  there  had  been 
112,000  acres  of  plantation  cotton  in  Sadani  and  two  large  planta- 
tions of  52,000  and  25,000  acres  in  the  Rufiji  district.  Irrigation  was 
costly,  and  destruction  by  insect  pests  was  severe,  so  that  in  1912  the 
total  production  of  cotton,  both  by  Europeans  and  natives,  was  only 
10.000  bales  of  400  pounds  (8,368  bales  of  478  pounds). 

Experience  has  proved  that  production  by  small  holders  is  more 
hopeful  than  that  by  large  estate  operators  and  that  only  those  na- 
tives who  are  more  energetic  shall  be  entrusted  with  growing  cotton. 
It  is  noteworthy  that  in  the  Morogoro-Kilosa  area  native  capitalists 
may  be  found  who  raise  cotton  with  paid  labor  recruited  from  their 
own  kind.  Elsewhere  in  the  eastern  districts  the  natives  are  con- 
cerned chiefly  with  the  production  of  food  crops  while  working  for 
Europeans  on  sisal  or  coconut  plantations.  Lack  of  transportation 
facilities  and  the  long  distances  to  the  gins  have  also  handicapped 
the  extension  of  cotton  growing.  Considerable  areas  above  3,500 
feet  altitude  and  areas  with  deficient  rainfall  are  unsuitable  for  cot- 
ton growing,  but  other  important  areas  await  only  the  coming  of  gins, 
improved  transportation,  and  better  prices. 

Production  for  export  was  almost  stopped  between  1914  and  1918 
but  cotton  was  one  of  the  first  crops  to  be  encouraged  by  the  depart- 
ment of  agriculture  which  was  formed  in  1921.  Free  distribution  of 
seed  to  native  growers  increased  from  120  long  tons  in  1921  to 
1,568  in  1926.  Since  that  time  recognition  by  the  ginners  of  the 
export  value  of  cottonseed  has  led  to  more  economical  distribution 
of  seed  to  natives. 

In  1923  there  were  19  licensed  gins  in  Tanganyika,  and  in  1928 
there  were  40  public  gins,  of  which  35  were  licensed  for  operation  in 
that  year.  At  that  time  cotton  had  become  the  third  most  valuable 
export  in  the  territory  (IS) . 

The  acreage  of  cotton  is  approximately  the  same  as  that  of  the 
coffee  crop,  the  rice  crop,  and  the  peanut  crop.  The  sisal  acreage  is 
40  to  50  percent  greater,  and  much  greater  acreages  are  devoted  to 
millets  and  corn  for  native  consumption.  Acreages  of  coconuts, 
sesame,  and  wheat  are  much  smaller.  Cotton  acreage  has  declined 
since  1928  because  of  low  prices  which  have  caused  native  growers 
to  lose  interest  in  the  crop,  even  to  the  extent  of  leaving  the  crop 
unharvested  and  unmarketed;  and  among  European  growers,  who 
interplant  young  sisal  with  cotton,  the  decline  in  sisal  planting  has 
carried  cotton  production  down  with  it.     In  the  Biharamulo  area, 
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southwest  of  Lake  Victoria,  cotton  production  has  proved  unsuc- 
cessful. But  in  Tanga  Province,  along  the  northeastern  coast,  na- 
tives have  turned  from  coffee  to  cotton  for  a  cash  crop,  and  the  cotton 
production  there  has  declined  less  than  elsewhere. 

The  greatest  production  of  cotton  is  on  the  lowlands  along  the 
east  coast  in  the  vicinity  of  Dar  es  Salaam  and  in  the  Mwanza 
Province  on  the  south  shore  of  Lake  Victoria.  In  the  former  dis- 
trict the  estate-grown  cotton  appeared,  until  recently,  to  be  over- 
taking the  native  production,  while  in  the  latter  district  the  pro- 
duction is  almost  entirely  by  natives  (table  130). 

Table  130. — Cotton:  Production  and  exports,   Tanganyika,  1921-33 


Production » 

Year* 

Province 

Total 

Grown  by- 

Ex- 

Tanga 

East- 
ern 

Lindi 

Mwan- 
za 

Tabora 

Northern, 
Iringa, 

Mahenge, 
Bukoba 

Natives  3 

Euro 
peans 

ports  i 

1921 

Bales 

Bales 
3,595 
2,786 
4,520 
8,110 
6,389 
11,  386 
5,941 
15,  705 
14,  608 
11,069 
m  3,  278 
7,125 
10,  751 

Bales 

1,863 

540 

808 

1,157 

1,  789 

1,171 

713 

1,100 

1,642 

777 

132 

35 

111 

Bales 
674 

s  2, 428 

*  3,  781 
4,458 
7,345 
5,622 
5,541 
9,252 
6,303 
6,957 

ii  5,  759 
6,483 

11,898 

Bales 

Bales 

Bales 
6,132 
6,004 
9,568 
15,  727 
18, 179 
20. 319 

Bales 

Bales 

Bales 
5,136 

1922          

*218 
326 
683 

1,262 
293 
110 
223 
266 
144 
142 
674 
267 

(5) 
(s) 
368 
764 

1,287 
859 

1,002 
205 
234 
108 

<32 
133 
951 
630 
560 

2,571 
6,152 
9,863 

13,  508 

14,  014 
9,557 

20,  429 
15, 149 
12,  747 
7,979 
14,068 
21, 121 

3,433 
3,416 

5,864 

4,671 

6,305 

3,804 

7.148 

7  8, 102 

9  6,  613 

is  1,  520 

1,028 

2,720 

7,236 

1923 

6,884 

1924 -.. 

11,908 

1925 

21,  097 

1926 

22,  897 

1927 

197   H3.361 

18, 464 

1928 

295 
227 
179 
80 
779 
148 

27,  577 
23,  251 
« 19, 360 
12  9,  499 
15,  096 
23, 891 

25,  680 

1929 

23,  183 

1930 

17,  202 

1931 

11,370 

1932 

15,  038 

19331* 

23,  782 

i  Bales  of  478  pounds.    Exports  for  12  years  exceed  reported  production  by  2,022  bales. 

*  Harvesting  and  marketing  occur  from  August  to  December. 

3  Actual  proportion  somewhat  higher.  European  growers  sometimes  illegally  buy  native  cotton  to  help 
meet  commitments  on  their  own  crop.  Average  price  over  9  years  estimated  at  0.15  shilling  (3.7  American 
cents  per  pound  of  seed  cotton). 

*  Northern  Province  included  under  Tanga. 
6  Tabora  included  under  Mwanza. 

6  Reduction  attributed  to  low  prices  preceding  year. 

7  73  percent  graded  first  quality. 

8  Low  yields  due  to  insect  damage  and  field  mice.  Acreage  estimated  to  be  112,240  averaging  only  82 
pounds  of  lint  per  acre. 

8  83  percent  graded  first  quality. 

i°  Reduction  attributed  to  decline  in  sisal  planting  by  Europeans  (cotton  interplanted). 
ii  Production,  chiefly  by  natives,  declined  less  than  elsewhere, 
i'  Low  production  due  to  low  prices  and  low  yields  (locusts). 
13  80  percent  graded  first  quality. 
'«  Preliminary. 

Tanganyika  Territory,  Department  of  Agriculture,  annual  reports  and  Cotton  Growing  Review,  July  1930 

Of  the  (nonnative)  production  on  estates  in  1930,  42  percent  was 
produced  in  Kilosa  district,  33  percent  in  Morogoro  district,  and 
20  percent  in  Dar  es  Salaam  district,  all  in  Eastern  Province.  Most 
of  the  remaining  production  on  estates  was  also  from  districts  in  the 
general  vicinity  of  Dar  es  Salaam. 

METHODS   OF   PRODUCTION 

The  best  time  for  planting  cotton  in  Tanganyika  according  to 
Government  experiments  is  usually  in  January  or  early  February. 
The  cotton  plants  thus  bloom  in  April  or  May,  immediately  after 
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the  long  rains.  This  is  conducive  both  to  high  yields  and  high  qual- 
ity. In  the  Shiny anga  district,  just  south  of  Lake  Victoria,  the 
optimum  time  for  planting  cotton  is  during  December,  at  the  begin- 
ning of  the  principal  rainy  season.  In  all  cases,  cotton  planted  late 
gave  poor  yields  in  these  experiments.  In  the  Shingyanga  district 
cotton  suffered  extensive  damage  from  Egyptian  bollworm  during 
the  early  boiling  period. 

*  *  *  In  spite  of  active  propaganda,  it  is  almost  invariably  planted 
too  late  to  give  maximum  returns.  The  recent  deterioration  in  the  average 
quality  of  the  total  cotton  lint  exported  is  due  to  the  relatively  increased 
amount  of  plantation-grown  cotton  which  is  crop-picked  and  not  sorted. 
Some  natives  in  the  Dar  es  Salaam  district  are  planting  acreages  so  large  that 
they  say  it  is  an  impossible  task  to  pick  in  qualities,  thus  we  have,  strangely 
enough,  large-scale  enterprise  affecting  the  export  quality  of  a  crop.  Unless 
the  first  month's  pickings  are  made  on  quality  and  the  seed  from  the  first 
quality  reserved  for  next  year's  planting  deterioration  will  rapidly  take  place 
and  our  cotton  will  lose  practically  all  its  premium,  which  would  possibly  result 
in  the  elimination  of  the  crop,  on  account  of  the  relatively  poor  prices  which  it 
will  fetch  in  competition  on  the  overseas  market  (13,  p.  7). 

Cotton  yields  are  conspicuously  low — about  82  pounds  of  lint  per 
acre  in  1930  or  about  250  pounds  of  seed  cotton — but  at  experiment 
stations,  on  small  plots,  under  more  favorable  growing  conditions, 
yields  of  733  and  820  pounds  of  seed  cotton  per  acre  were  obtained. 
Cottonseed  of  the  U4  jassid-resistant  variety  was  introduced  from 
the  Union  of  South  Africa  a  few  years  ago  as  an  improvement  over 
the  Uganda  upland  type  commonly  grown. 

The  cotton  crop  is  marketed  during  August  to  December,  imme- 
diately after  harvest.  Cotton-marketing  supervisors  were  employed 
by  the  Government  at  three  important  markets  to  see  that  the  natives 
were  paid  fair  prices  for  their  seed  cotton  and  to  enforce  the  ob- 
servance of  certain  rules  relating  to  the  marketing  of  cotton  (table 
131).  The  cotton-market  supervisors  were  paid  out  of  a  levy  on 
native-grown  cotton.  As  a  result,  considerable  native-grown  cotton 
was  marketed  under  the  guise  of  European-estate  production, 
especially  in  Eastern  Province. 

GOVERNMENT   AIDS 

_  The  Tanganyika  Government  imposed  a  tax  in  1928  of  6.66  shil- 
lings ($1.62  at  par)  on  each  running  bale  of  cotton.  The  tax  was 
evaded  and  in  1933  was  reduced  to  2  shillings  (49  cents  at  par)  per 
running  bale  on  all  lint  cotton  exported.  This  fund  is  used  for 
supplying  free  seed  to  the  growers.  In  1933  the  department  of  agri- 
culture distributed  1,800  long  tons  of  cottonseed.  The  Government 
prohibits  the  establishment  of  new  gins  until  existing  capacity  is 
exceeded.  In  1932,  16  gins  were  idle,  and  26  gins  wTere  being 
operated — 14  of  them  by  Indians,  11  by  Europeans,  and  1  by  a 
Japanese  firm.  The  Government,  in  cooperation  with  the  Empire 
Cotton  Growing  Corporation,  maintains  several  cotton-experiment 
stations  and  opens  up  new  roads  into  cotton-growing  areas.  To  safe- 
guard seed  purity  and  check  the  spread  of  disease  no  unginned  cot- 
ton is  permitted  to  be  moved  from  one  district  to  another  without 
approval  from  the  director  of  agriculture.  In  1933  the  regulation 
compelling  natives  to  sell  only  graded  seed  cotton  was  amended  to 
apply  to  nonnatives  also. 
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Table   131. — Cotton:  Prices    paid   for  native-grown    seed    cotton,    Tanganyika, 

1929-31 


1929 

1930 

1931 

District 

First 
quality 

First 
quality 

Second 
quality 

Third 
quality 

First 
quality 

Second 
quality 

Third 
quality 

Ngrengere - 

Kilosa 

Mikese 

Kimamba 

Mohoro 

Lindi 

Cents  » 
4. 4-5.  2 
4. 4-5.  3 
4.  6-5.  1 
4.  4-5.  7 
4.  9-5.  6 
4.  0-4.  4 
3.  6-4.  4 
3.9-4.5 

Cents  i 
2.  5-3.  3 
2.  3-3.  5 
2.  5-3.  5 
2.  2-3.  9 
2.  2-2.  3 
2.  0-2.  8 
2.  0-2.  5 
1.  9-3.  4 

Cents  i 
1.  3-2.  4 
.9-2.4 
.  9-2.  4 
.  9-2.  8 
1.  3-1.  4 
1.2-1.9 
1.  0-1.  7 

Cents  i 

0.  7-1.  7 
.4-1.3 
.4-1.8 
.4-1.1 

1.  1-1.  1 
1.0-1.3 

.  9-1.  2 
.  4-1.  2 

Cents  » 

2.  0-2.  4 

1. 6-2. 8 

1.  5-2.  2 

1.  8-3.  1 

1.6-2.0 

1.  3-1.  3 

1. 1-1.  3 

.9-1.8 

.  9-1.  8 

.6-  .9 

Cents  i 
1. 1-1.  5 
.6-2.0 
.  8-1.  5 
.6-1.6 
1.  0-1.  3 
.9-  .9 
.8-  .9 
.2-  .4 
.2-  .9 
.2-  .2 

Cents  i 
0.6-1.1 
.2-  .7 
.2-  .4 

.2-  .8 
.3-  .7 
.7-  .7 
6-    7 

Mwanza  Province 

Tabora  Province.   ..  

Biharamulo 

1.  7-3.  3 

1.  2-1.  4 



.4-  .8 

i  United  States  cents  per  pound  converted  at  par  from  East  African  cents  per  kilogram. 
Tanganyika  Department  of  Agriculture  (13,  p.  8;  40,  Repts.  1929-30  (pt.  1),  p.  S4;  1931,  p.  15). 

KENYA 

TREND   OF  PRODUCTION 

Kenya  is  one  of  the  least  important  cotton-producing  countries  in 
south  and  east  Africa.  Cotton  is  grown  almost  entirely  by  natives  in- 
dependent of  supervision.  The  total  crop  amounts  to  only  about  1,000 
to  5,600  bales  per  year.  Production  is  erratic ;  there  is  no  convincing 
evidence  of  any  pronounced  tendency  to  increase  production  in  the 
colony  greatly.  It  is  rather  remarkable  that  while  natives  of 
Uganda  have  increased  cotton  production  within  the  last  25  years 
from  almost  nothing  to  246,718  bales  of  478  pounds  net  weight  in 
1932-33,  no  corresponding  expansion  has  occurred  in  Kenya.  Much 
of  the  colony  is  too  high  and  too  cold  for  successful  production  even 
though  located  on  the  Equator,  but  in  the  east-coast  area  and  the  lake- 
shore  area  there  is  reason  to  expect  that,  with  the  economic  develop- 
ment of  native  tribes,  cotton  production  will  be  somewhat  expanded. 

All  of  the  cotton  produced  in  Kenya  is  ginned  and  exported  as  lint 
cotton.  Ginning  statistics  and  cotton  exports  are  reliable  measures 
of  cotton  production  in  the  colony  (table  132). 

PRICES 

At  the  end  of  1931  the  general  price  throughout  the  native  areas 
adjacent  to  Lake  Victoria  was  10  shillings  ($2.43  at  par)  per  100 
pounds  of  seed  cotton.  This  is  to  be  compared  with  prices  of  11 
shillings  to  22  shillings  ($2.68  to  $5.35)  paid  in  Uganda  in  1929  and 
17  shillings  to  24  shillings  ($4.14  to  $5.84)  in  1928. 


METHODS  OF  PRODUCTION  AND  MARKETING 

Kenya,  on  the  Equator,  has  no  distinct  winter  and  summer  sea- 
sons. The  seasons  are  designated  as  the  long  rainy  season,  March 
to  June,  and  the  short  rainy  season,  October  to  December.  The  hot 
season  is  from  December  to  March.     From  20  to  40  inches  of  rain 
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may  be  expected  to  fall  during  the  long  rains.  Between  May  and 
October  there  is  a  cool  period  of  cloudy  and  overcast  days  with  occa- 
sional mists  in  the  early  morning,  but  seldom  with  any  rain.  The 
nights  during  June,  July,  and  August  are  distinctly  cold  and  unfa- 
vorable for  cotton  in  the  higher  altitudes  populated  by  Europeans, 
but  in  September,  just  preceding  the  short  rains,  warm  weather 
again  prevails. 


Table   132. 


-Cotton:  Production,   quality,   and  price  per  pound,  Kenya,   1925- 
26  to  1932-33    - 


Year  beginning  Aug.  1 


Gins 


Seed  cotton 
purchased  ' 


Percent- 
age A 
quality 


Average  buying  prices 


A  quality  B  quality  C  quality 


Lint 
ginned  3 


1925-26.. 
1926-27.. 
1927-28.. 
1928-29. . 
1929-30.. 
1930-31  *. 
1931-32*. 
1932-33*. 
1933-34. _ 


Number 
9 


Pounds 
2,  594, 491 
1, 174, 145 

1,  580,  716 

2,  529, 971 
1.890,080 

992,006 
2,  747,  300 
5,584,111 
8, 305, 601 


Percent 
94 
92 
97 
94 
87 
97 
84 


Cents 
4.2 
3.0 
4.9 
4.2 
3.3 
2.4 
2.3 
2.0 
2.4 


Cents 
2.4 
1.8 
2.3 
1.9 
1.4 
1.0 


1.  0 


Cents 
1. 
1. 
1. 
1. 
1. 


Bales 
1,749 

778 
1,039 
1,660 
1,270 

670 
1,452 
3,579 
5,649 


1  Some  seed  cotton,  in  addition,  is  sold  to  gins  in  Uganda. 

2  Converted  at  par. 

3  Weight  converted  to  bales  of  478  pounds.    Cotton  lint  ginned  was  31.4  to  32.3  percent  of  seed  cotton 
purchased  until  1931-32,  when  it  was  only  25.3  percent  and,  in  1932-33,  24.3  percent. 

*  Year  ended  Feb.  28.    Change  of  fiscal  year  does  not  alter  the  crop  considered. 

Kenya  Agricultural  Census  Reports,  U4,  Rept.  11,  p.  27;  IS,  p.  25;  15,  p.  22). 

Cotton  in  Kenya  is  grown  by  natives  at  the  lower  altitudes,  chiefly 
in  the  vicinity  of  Lake  Victoria,  but  also  in  the  eastern  coastal  areas. 
It  is  rarely  grown  at  the  higher  elevations  where  Europeans  are  set- 
tled. Cotton  is  planted  in  the  long  rainy  season,  May  and  June,  but 
continues  in  the  lake  area  until  September. 

Selected  Uganda  seed  is  issued  to  natives  by  the  gins,  but  natives 
require  urging  to  take  the  seed.  They  are  prone  to  neglect  planting 
a  crop,  especially  when  prices  are  low.  The  indifference  of  the  na- 
tives results  in  low  yields.  The  plants  are  often  spaced  3  by  3  feet 
or  4  by  4  feet,  instead  of  30  to  36  by  15  inches  as  recommended.  The 
natives  do  not  cultivate  the  soil  properly.  Pink  bollworm  and  stain- 
ers  are  the  most  serious  pests.  The  old  plants  are  removed  in  March 
to  reduce  infestation  of  the  following  crop.  It  is  the  general  prac- 
tice to  grow  cotton  on  the  same  land  continuously,  instead  of  grow- 
ing leguminous  crops  during  the  rains  and  simsim  during  the  short 
rains  of  every  second  year,  as  is  recommended. 

Picking  begins  in  September  near  the  coast  and  in  November  near 
the  lake.  Buying  begins  in  November  near  the  coast  and  in  December 
or  January  near  the  lake.  By  the  end  of  December  1931,  516,721 
pounds  out  of  a  total  of  627,786  pounds  of  seed  cotton  in  the  eastern 
coastal  area  had  been  bought  from  natives.  Cotton  received  after 
January  1  is  usually  of  lower  quality.  In  the  lake  area  buying  is 
done  chiefly  by  three  companies  at  various  buying  posts  which  they 
establish. 
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UGANDA 

TREND  OF  PRODUCTION 

Uganda  is  located  on  the  Equator  at  the  northwestern  extremity 
of  the  region  here  designated  as  south  and  east  Africa.  Uganda  is 
bordered  on  the  north  by  the  Anglo-Egyptian  Sudan,  an  important 
cotton-producing  country.  Uganda  is  the  principal  cotton-produc- 
ing country  in  south  and  east  Africa.  It  is  unique  in  that  prac- 
tically all  of  the  cotton  is  produced  by  natives  without  European 
supervision. 

Cotton  was  first  introduced  into  Bunyoro  Province  of  Uganda  as 
early  as  1872,  but  it  was  not  until  1903  that  cotton  production  be- 
came established  commercially.  In  that  year  45  bales  of  478  pounds 
net  weight  were  produced  and  exported  (25).  In  1910  this  quantity 
had  increased  to  17,099  bales,  in  1920,  to  68,089  bales,  and  in  1930  to 
158,092  bales.  By  1932  a  record  total  of  246,718  bales  was  produced 
(table  133).  Between  1930  and  1932  the  acreage  of  cotton  planted 
by  natives  increased  from  739,690  to  1,071,410  acres.  A  substantial 
increase  in  acreage  occurred  in  every  important  cotton-growing  dis- 
trict between  1930  and  1932  (41  Reft.  1932)  (table  134).  This 
recent  increase  in  acreage  and  production  occurred  despite  the  serious 
drop  in  prices  that  caused  a  sharp  curtailment  of  production  in  those 
countries  of  southern  Africa  in  which  cotton  is  produced  chiefly  by 
Europeans. 

Table  133. — Cotton:  Quantity  ginned,  Uganda,  1901-33 


Crop  year  1 

Year  of  export 

Quantity 
ginned 

Crop  year * 

Year  of  export 

Quantity 
ginned 

1901 

Beginning  Apr.  1— 
1902     

Bales  2 

1 

2 

45 

201 

818 

3,325 

3,300 

5,200 

11, 195 

17,  099 
21,  624 
23, 069 
27,  226 
21, 946 

18,  269 
23,309 
23,006 
30,  569 

1919 - 

Beginning  Jan.  1— 
1920 

Bales  2 
3  43,  671 

1902 

1903     

1920 

1921 

68, 089 

1903 

1904  .    

1921 

1922 

1922 

40, 410 

1904 

1905  .  

1923.. 

73, 679 

1905 

1906  -   -  

1923 

1924. 

107, 618 

1906 

1907 

1924 

1925 

164, 048 

1907 

1908 

1925 

1926 

151,  346 

1908 

1909 

1926.  

1927 

110,  233 

1909 

1910 

1927 

1928. 

115,  888 

1910 

1911 

1928 

1929 

170,  759 

1911 

1912  .     

1929 

1930 

108, 052 

1912 

1913      

1930-  

1931 

158,  092 

1913 

1914  .    

1931 

1932 

173,  494 

1914 

1915  -   .  

1932 

1933 

246,  718 

1915 

1916 

1917  

1933. _ 

1934  «____ 

230,000 

1916 

1 

1917 

1918 

1918  - 

1919 

i  Cotton  harvested  after  August  for  comparison  with  other  countries. 

2  Bales  of  478  pounds  converted  from  bales  of  400  pounds. 

3  Including  3,760  bales  reported  in  previous  figure. 
*  Preliminary. 

Uganda  Protectorate,  Department  of  Agriculture,  correspondence  Feb.  21,  1933.    These  figures  agree 
exactly  with  cotton  exports  as  officially  reported  since  1923. 

There  is  no  evidence  to  indicate  that  a  limit  has  been  reached  in 
the  expansion  of  cotton  acreage  and  production.  The  native  popu- 
lation is  more  dense  than  in  any  of  the  other  countries  here  consid- 
ered. With  the  economic  development  of  the  country  their  cash 
wants  are  increasing,  and,  simultaneously,  their  willingness  to  pro- 
duce cotton  as  a  cash  crop.    In  1932,  despite  the  marked  increase  in 
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cotton  acreage,  only  1%  percent  of  the  land  was  used  for  growing 
cotton.  This  is  small  even  considering  that  a  large  part  of  the  coun- 
try is  unsuitable  for  cotton  growing.  The  average  yield  per  acre  is 
about  100  pounds,  which  is  higher  than  in  any  other  country  in  south 
and  east  Africa.  In  1932  the  average  yield  was  110  pounds,  indi- 
cating that  the  45  percent  increase  in  acreage  between  1930  and  1932 
did  not  lower  the  average  yield  per  acre. 

The  highest  yields  per  acre,  according  to  numerous  quarter-acre 
comparisons  made  by  the  Government  in  1929  and  1931,  are  obtained 
in  south  Busoga  district  near  Lake  Victoria  and  in  the  southern  and 
western  part  of  Lango  district  near  Lakes  Kyoga  and  Kwania  and 
adjoining  swamps.  The  high-yielding  area  in  southern  and  central 
Busoga  is  fertile  elephant-grass  country  which  is  favored  by  ade- 
quate but  not  excessive  rainfall.  Low  yields  were  obtained  in  the 
north  and  eastern  part  of  Lango  district,  the  northern  part  of  Teso 
district,  the  eastern  part  of  Bugwere  district,  and  the  southern  part 
of  Budama  district.  This  crescent-shaped  area  of  low  yields  borders 
the  dryer  area  where  rainfall  is  less  than  50  inches  per  year.  The 
2-year  average  yields  of  these  quarter-acre  plots  in  south  Busoga  was 
207  pounds  of  lint  per  acre,  as  compared  with  151  pounds  in  west 
and  south  Lango,  136  pounds  in  west  Bugwere,  124  pounds  in  north 
Busoga,  109  pounds  in  north  Budama,  100  pounds  in  south  Teso,  76 
pounds  in  east  Lango  and  south  Budama,  67  pounds  in  Bugwere,  57 
pounds  in  north  Lango,  and  37  pounds  in  north  Teso.  The  average 
yield  per  acre  of  all  cotton  planted  in  Eastern  Province  in  1930 
(assuming  1  pound  of  lint  from  3  pounds  of  seed  cotton)  in  the  vari- 
ous districts,  was  Busoga  115,  Lango  120,  Teso  110,  Bugwere  74, 
Budama  81,  and  Bugishu  59  pounds. 

Bugishu  district  is  mountainous,  and  the  normal  rainfall  ranges 
from  50  to  70  inches.  Throughout  most  of  the  cotton  area  rainfall 
is  50  to  55  inches  per  year.  West  and  southwest  of  Mengo  district 
annual  precipitation  is  as  low  as  35  or  40  inches,  except  on  the  moun- 
tainous areas  on  the  western  border,  and  cotton  acreage  there  is  very 
small.  The  northern  part  of  Uganda,  including  the  northern  part 
of  Mengo  district,  normally  has  less  than  50  inches  of  rain,  except 
in  a  crescent-shaped  area  which  includes  southern  Lango,  southern 
Bunyoro,  southeastern  Teso,  and  Bugwere  districts. 

In  comparison,  normal  precipitation  at  Charlotte,  N.  C,  is  46 
inches,  at  Greenville,  S.  C,  53  inches,  at  Atlanta,  Ga.,  48  inches,  at 
Vicksburg,  Miss.,  52  inches,  at  New  Orleans,  57  inches,  and  at  Fort 
Worth,  Tex.,  33  inches.  The  similarity  between  rainfall  in  the  cot- 
ton-producing areas  of  the  United  States  and  in  those  of  Uganda  is 
apparent.  The  expansion  of  cotton  acreage  in  Texas  into  areas  of 
less  than  40  inches  of  rainfall  suggests  the  possibility  of  similar 
expansion  in  Uganda.  At  least  three-fourths  of  the  area  of  Uganda 
has  a  normal  annual  rainfall  of  40  inches  or  more.  The  area  having 
more  than  60  inches  annual  rainfall  is  negligible,  except  in  the  moun- 
tains, which  are  not  extensive. 

The  extension  of  railway  facilities  will  hasten  the  expansion  of 
cotton  production.  At  the  beginning  of  1931  the  extension  of  the 
railroad  from  Jinja,  in  Busoga  district,  to  Kampala,  in  Mengo  dis- 
trict, was  opened  for  traffic.  This  made  it  possible  to  transport  most 
of  the  cotton  crop  from  Uganda  to  Mombasa  by  rail,  thus  avoiding 
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the  double  handling  which  occurred  when  the  crop  from  Buganda 
Province  was  shipped  by  boat  across  Lake  Victoria.  The  acreage 
of  cotton  in  Buganda  Province  had  been  199,035  in  1929  and  194,- 
629  in  1930.  It  increased  to  291,665  acres  in  1931  and  318,311  acres 
in  1932.  The  increase  between  1930  and  1932  was  64  percent,  as  com- 
pared with  39  percent  in  Eastern  Province,  including  Lango  district, 
already  served  by  rail.  The  difference  is  chiefly  attributed  to 
improved  transportation  facilities. 

There  are  three  general  types  of  soil:  (1)  Bed  loam,  (2)  lake- 
basin  soil,  and  (3)  intermediate.  This  classification  does  not  include 
the  small  areas  of  black  volcanic  soils  near  the  mountains.  The  red- 
loam  soil  consists  typically  of  40  percent  of  clay,  17  percent  of  silt, 
18  percent  of  fine  sand,  and  20  percent  of  coarse  sand.  Its  loss  on 
ignition  is  14  percent.  This  type  of  soil  produces  good  cotton.  The 
lake-basin  soil  was  laid  down  under  water  and  is  sandy.  It  contains 
typically  19  percent  of  clay,  15  percent  of  silt,  27  percent  of  fine 
sand,  and  39  percent  of  coarse  sand.  Its  loss  on  ignition  is  only  4 
percent.  This  type  of  soil  is  found  in  the  broad  belt  around  Lake 
Kioga,  in  the  Lake  George  plain,  to  the  east  of  the  Masaka  and 
Bukoba  road,  and  to  some  extent  in  the  Entebbe  district.  This  soil 
is  usually  covered  with  short  grass  and  scrub.  It  usually  has  a  thin 
layer  of  black  sticky  organic  matter  on  a  sandy  yellow  subsoil  which 
is  frequently  cemented  into  an  impervious  layer.  Cotton  will  not 
grow  on  this  soil  except  in  seasons  of  well-distributed  rainfall.  The 
intermediate  type  of  soil  is  a  silty  loam  usually  located  between  the 
other  two  types.  Typically  it  contains  30  percent  of  clay,  10  percent 
of  silt,  19  percent  of  fine  sand,  and  34  percent  of  coarse  sand.  Its 
loss  on  ignition  is  11%  percent.  Cotton  is  grown  on  this  type  of 
soil.  Generally  speaking,  the  quality  of  the  soil  in  Uganda  is  not  a 
factor  limiting  the  cotton  acreage. 

METHODS  OF  PRODUCTION 

Cotton  is  grown  in  16  districts  extending  over  a  large  part  of 
Uganda,  but  the  principal  producing  areas  are  in  Eastern  Province 
and  Buganda  Province,  just  north  of  Lake  Victoria  (table  134). 
With  the  exception  of  286  acres  (1931)  all  of  the  cotton  is  grown  by 
natives.  The  average  acreage  per  native  grower  is  greater  than  else- 
where in  the  countries  under  discussion,  as  evidenced  by  the  fact 
that  with  a  native  population  of  3,149,000  (1927)  cotton  acreage  was 
1,071,410  acres  (1932),  and  a  considerable  part  of  the  native  popula- 
tion does  not  grow  cotton. 

Total  rainfall  in  the  principal  cotton  districts  averages  about  50 
inches  per  year.  There  are  two  rainy  seasons  instead  of  one,  as  in 
the  countries  south  of  Kenya,  and  cotton  can  be  planted  at  two  dif- 
ferent seasons.  In  practice,  however,  the  bulk  of  the  cotton  in 
Uganda  is  planted  between  June  and  August,  the  months  separating 
the  two  rainy  seasons.  Picking  is  done  during  the  dry  months  of  the 
year,  November  to  February  (tables  135  and  136). 

A  number  of  varieties  have  been  tried.  The  original  introduction 
in  1872  was  Gallini  cotton.  In  1905  the  Black  Rattler  variety  was 
grown  with  considerable  success.  In  1911  the  Sunflower  variety  was 
obtained.     In  1915-16  Nyasaland  Upland  was  introduced.     Origi- 
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nally  the  cultivation  of  Egyptian  cotton  was  attempted,  but  in  1907 
the  Government  decided  to  proceed  with  American  upland  types 
only. 

Table  134. — Cotton  acreage:  Distribution  of  native  owned  in  Uganda,  1929-32 


Province  and  district 

1929 

1930 

1931  « 

1932 

Eastern  Province: 

Busoga .....      ...  .  ..      

Acres 

111,324 
33, 814 
77, 038 
33,041 

107,  670 
57, 015 

Acres 
132, 890 

31,816 
107,  484 

26,  793 
118.  813 

66,757 

Acres 
137, 887 

36,  827 
112, 101 

47,  592 
115,  626 

52,  483 

Acres 
221,  271 

Budama ..     

64,300 

Bugwere..         .      .  ... . 

123,  530 

Bugishu : ..     . 

48,856 

Teso 

134,  481 

Lango     ..           ..  .  , 

(2) 

Total .... 

419.  902 

484,  553 

502,  516 

592,  438 

Buganda  Province: 

Mengo.- . 

96,093 
47,299 
28,000 
27,643 

99,506 
41, 023 
25,600 
28,500 

145,  285 
70,  349 
39,090 
36,  941 

157,  668 

Entebbe.   .        

86,  924 

Masaka 

33,828 

Mubende     .  . ..    .. 

39, 891 

Total 

199,  035 

194,629 

291,  665 

318,311 

Northern  Province: 

Lango 

83,183 

Bunyoro .  ... ._        .  ... 

15,600 
17,000 
6.800 

15,000 
19,  915 
12,000 
6,580 

16.550 
26,200 
12,  248 
5,050 

25,000 

Gulu 

22,300 

Chua 

18,000 
4,200 

West  Nile 

Total 

39,400 

53, 495 

60,048 

152,  683 

Western  Province: 

Toro 

3,100 
1,720 

6,000 
1,013 

4,847 
6,183 

5,505 

Ankole 

2,473 

Total. 

4,820 

7,013 

11,030 

7,978 

Grand  total 

663, 157 

739, 690 

865,259 

1,071,410 

1  Acreage  grown  by  Europeans  in  addition:  Mengo  district.  179;  Entebbe  district,  47;  and  Mubende  dis- 
trict, 60  acres;  total  286  acres,  compared  with  111  acres  in  1932. 

2  Transferred  to  Northern  Province. 

Uganda,  Department  of  Agriculture  (41). 

Table  135. — Cotton:  Percentage   of  monthly  plantings,  Eastern  Province, 

Uganda,  1928-31 


Month 

1928 

1929 

1930 

1931 

Month 

1928 

1929 

1930 

1931 

May 

Percent 

3.5 

21.0 

42.0 

Percent 

2 

13 

37 

Percent 

1.7 

13.5 

28.4 

Percent 
2.1 
18.1 
49.2 

Percent 
29.0 
4.5 

Percent 
33 

15 

Percent 
46.9 
9.5 

Percent 
26  3 

June 

September 

4  3 

July 

Uganda  Department  of  Agriculture  Annual  Report,  1931  (41). 

In  1908  the  Government  took  full  control  of  importation  and  dis- 
tribution of  seed,  and  in  1911  it  started  a  seed  station  at  Kadunguru. 
By  1916  all  of  the  seed  planted  consisted  of  selections  made  locally. 
In  1919  the  Serere  Experimental  Station  was  opened,  and  in  1925 
an  improved  strain,  N-17,  was  put  into  general  distribution.  Since 
1929  the  Government  has  systematically  introduced  a  new  and  im- 
proved strain,  SG-29,  and  in  1931  there  were  55,499.  acres  of  this 
strain  planted.  During  1931  the  Uganda  Government  amended  the 
cotton  ordinance  of  1926,  giving  the  governor  power  to  proclaim  any 
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Table  136. — Rainfall  at  two  stations  and  seasonal  cotton  operations,  Uganda, 

normal  and  1932 


Month 

Kampala,  south 
central 

Serere,  east 
central 

Seasonal  cotton 

Normal 

1932 

Normal 

1932 

Inches 
2.13 
2.75 
6.32 
6.86 
5.31 
3.38 
2.60 
4.01 
4.42 
4.46 
4.41 
3.53 

Inches 

0.61 

.82 

10.03 

6.03 

5.04 

.70 

1.35 

2.41 

8.49 

2.91 

4.50 

3.70 

Inches 
0.57 
1.98 
4.23 
7.90 
6.45 
4.49 
4.91 
6.35 
6.34 
4.96 
3.73 
1.89 

Inches 
0 
1.81 
8.32 
3.83 
9.41 
2.68 
4.83 
5.86 
13.24 
3.26 
2.51 
5.19 

Picking  and  selling. 

Selling. 

Do. 

Do. 

Do. 

June -  

Planting.i 

July                       

Do. 

Do. 

Picking. 

December .. 

Do. 

Total      

50.18 

46.59 

53.80 

60.94 

1  Best  yields  from  early  plantings. 

Uganda  Department  of  Agriculture  correspondence  dated  Feb.  23, 1933. 

area  to  be  a  segregated  area  for  the  purpose  of  increasing  the  seed 
supply  of  any  variety  of  cotton.  In  any  such  area  control  of  plant- 
ing, marketing,  and  ginning  of  the  cotton  is  vested  in  the  director  of 
agriculture.     In  this  way  variety  improvement  is  facilitated. 

The  best  yields  are  obtained  from  early  plantings  during  May  and 
June,  although  considerable  cotton  is  planted  as  late  as  September. 
The  later  cotton  is  planted  on  the  old  bulo  (millet)  plots  after  the 
grain  is  harvested.  The  destruction  of  many  bulo  plots  by  locusts 
during  May,  June,  and  July  1931  caused  planting  of  cotton  on  these 
plots  to  be  unusually  early  in  that  year.  By  September  most  of  the 
crop  is  about  a  foot  high,  and  the  picking  of  early  planted  cotton  be- 
gins in  November.  September,  October,  and  November  are  critical 
months,  when  excessive  rains  cause  heavy  shedding  of  squares  and 
bolls  and  increase  the  damage  caused  by  insects  and  blackarm  dis- 
ease (Pseudomonas  malvacearum) .  Sometimes  deficient  rainfall  at 
this  time  induces  shedding  of  squares  and  bolls  and  reduces  yields. 
Pink  boll  worm  appeared  in  Uganda  for  the  first  time  during  1931, 
and  the  Government  imposed  stringent  regulations  against  the  export 
of  seed  cotton  and  cottonseed  from  the  infested  districts.  Most  of 
the  cotton  is  picked  during  November,  December,  and  January,  but 
sometimes  heavy  blooming  produces  a  large,  late  top  crop  in  February 
and  March. 

METHODS  OF  MARKETING 

Prior  to  1906  Uganda  cotton  was  ginned  at  Kisumu  in  Kenya. 
The  first  cotton  gin  in  Uganda  was  erected  at  Kampala  in  1906. 
During  the  early  years  cotton  was  bought  by  wandering  native 
buyers  who  arranged  "  head  transport "  to  the  gins  at  Kampala. 
East  Indian  traders,  settled  in  the  outlying  districts,  took  some  part 
in  the  purchase  and  collection  of  cotton.  Later  cotton  came  to  be 
bought  and  collected  mainly  by  Indian  traders,  who  stored  it  in  their 
shops.    Beginning  in  1913  open  markets  were  held  in  Teso  and 
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Lango,  and  the  system  was  extended  throughout  the  Eastern  Prov- 
ince in  1914.  In  1919  these  were  superseded  by  permanent  centers 
for  the  daily  purchase  of  cotton  throughout  the  season.  In  Buganda 
Province  open  markets  were  instituted  in  1917,  but  by  1932  permanent 
centers  had  not  yet  been  introduced.  East  Indian  ginners  handle 
over  80  percent  of  the  Uganda  cotton  crop.  Large  profits  were  made 
by  Indian  cotton  dealers  during  the  years  of  high  and  rising  prices 
following  1917. 

Gins  were  first  established  at  Jinja  in  1911  and  1912.  In  1914  there 
were  20  gins  in  Uganda.  In  1915,  6  gins  existed  in  Kampala  and  1 
nearby  at  Entebbe,  on  the  north  shore  of  Lake  Victoria.  In  1930 
there  were  193  gins — 148  owned  by  Indians,  39  by  Europeans,  and  6 
by  Japanese.  In  1931  there  were  127  gins  licensed  to  gin  and  bale 
cotton,  but  2  of  these,  in  addition  to  67  other  gins  not  licensed  for 
1931,  were  not  in  operation  during  that  year. 

Since  1927  motor  transport  has  been  increasingly  used  for  deliver- 
ing seed  cotton  to  the  gins,  and  it  has  become  common  for  cotton  to 
be  bought  as  much  as  60  miles  distant  from  the  gin.  This  has  had 
the  effect  of  mixing  good  and  ordinary  cotton  and  tends  toward 
greater  congestion  at  the  markets  as  a  result  of  more  rapid  marketing. 

In  1932  the  buying  season  in  practically  all  districts  was  opened 
by  official  decree  on  January  25,  but  in  a  few  other  districts  the 
season  opened  on  February  8,  15,  or  29.  The  marketing  season  ended 
in  July. 

Nearly  all  of  the  cotton  is  at  present  shipped  to  India,  although 
Great  Britain  and  Japan  formerly  took  significant  quantities  (table 
137).  Until  1917  Liverpool  was  practically  the  only  market  for 
Uganda  cotton.  The  cotton  trade  with  India  is  controlled  by  a  cot- 
ton merchants'  association  of  Bombay,  the  members  of  which  own 
over  80  percent  of  the  gins  in  Uganda  and  Tanganyika.  As  a  re- 
sult of  the  establishment  of  about  twice  as  many  gins  as  were  needed 
for  efficient  operation,  competition  increased,  and  ginners'  profits 
were  forced  down,  until  in  1928  a  cotton-buying  association  was 
formed  by  the  ginners  of  Uganda.  This  development  was  opposed, 
and  in  1931  there  were  no  big  combinations  of  ginners  in  buying 
associations,  although  certain  European  firms  in  that  year  came  to 
agreements  as  to  price  and  competition. 


Table  137. — Cotton:  Exports  from  Uganda,  1928-31 


1928 

1929 

1930 

1931 

Destination 

Quantity 

Percent- 
age of 
total 

Quantity 

Percent- 
age of 
total 

Quantity 

Percent- 
age of 
total 

Quantity 

Percent- 
age of 
total 

Great  Britain... 

Bales  i 
49,304 
76,304 
12, 728 

Percent 
36 
55 
9 

Bales  ' 
44,  726 

118,529 
35, 139 

Percent 
22 
60 
18 

Bales  i 
9,197 

112,  573 
6,814 

Percent 

7 

88 

5 

Bales  i 

16,  665 

171, 502 

236 

Percent 
9 
91 

Japan..  

Total  . 

138,  336 

100 

198,  394 

100 

128,584 

100 

188, 403 

100 

i  Running  bales  of  about  400  pounds. 
Uganda,  Department  of  Agriculture  (41,  Repts.  1930-S1). 
£6389°— 35 19 
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PRICES 

Most  Uganda  cotton  is  1%  inches  in  staple  length  and  brings  a  pre- 
mium over  %-inch  quotations.  Extremely  high  prices  were  obtained 
for  cotton  in  1919  and  1920,  but  in  1921  the  price  f .  o.  b.  Mombasa  fell 
from  3.96  shillings  (96  cents  at  par)  per  pound  for  lint  to  7.8  shillings 
(19  cents  at  par) .  Prices  subsequently  recovered  somewhat.  In  1927 
growers  were  paid  prices  varying  from  0.12  shilling  (2.9  cents)  to  0.17 
shilling  4.1  cents)  per  pound  of  seed  cotton  in  the  various  Provinces. 
In  1928  these  prices  averaged,  in  the  various  Provinces,  from  0.17  shil- 
ling to  0.24  shilling  (4.1  cents  to  5.8  cents).  In  1929  average  prices 
again  fell  and  ranged  in  various  Provinces  from  0.11  to  0.22  shilling 
(2.7  to  5.4  cents)  per  pound  of  seed  cotton.  These  prices  in  some  cases 
were  somewhat  lower  than  it  is  calculated  might  have  been  paid  con- 
sidering the  American  Middling  %-inch  price  on  the  Liverpool  mar- 
ket and  the  prevailing  premiums  of  300  pence  points  per  pound  of  lint 
in  1927,  400  points  in  1928,  and  175  to  200  points  in  1929,  and  assum- 
ing an  operating  margin  of  0.31  to  0.59  shilling  (7.54  to  14.4  cents) 
per  pound  of  lint  to  cover  buying  expenses,  ginning,  pressing,  baling, 
overhead  expenses,  transport  of  lint  to  railroad,  cotton  tax,  ship 
freight,  and  overseas  selling  charges.  During  January,  February, 
and  March  1931  prices  rose  from  0.07  shilling  to  0.2  shilling  (1.7  to 
4.9  cents)  per  pound  of  seed  cotton. 

GOVERNMENT  AIDS 

The  Government  of  Uganda,  in  collaboration  with  the  British  Cot- 
ton Growing  Association  and,  later,  the  Empire  Cotton  Growing 
Corporation,  has  contributed  largely  to  the  expansion  of  the  cotton 
industry  since  its  inception  in  1903.  Since  1908  the  Government  has 
exercised  exclusive  control  over  the  importation  and  distribution  of 
seed.  It  has  developed  improved  strains  and  has  evolved  improved 
cultural  practices.  When  the  price  of  cotton  dropped  precipitously 
in  1921,  the  Government  purchased  part  of  the  crop  which  was  sub- 
sequently sold  at  a  profit.  A  cotton  tax  of  0.04  rupee  (1.6  cents)  per 
pound  of  lint  was  imposed  in  1919  for  the  advancement  of  the  cotton 
industry.  This  was  reduced  to  0.03  rupee  during  the  following  3 
years  and  then  changed  to  0.06  shilling  (0.05  shilling  in  1930)  during 
the  subsequent  period,  with  the  exception  of  1927,  when  the  cotton 
tax  was  only  0.02  shilling  (one-half  cent).  The  cotton-tax  ordinance 
was  replaced  in  1931  by  the  cotton  export-duty  ordinance.  The  scale 
of  taxation  was  amended,  making  the  lowest  price  at  which  the  tax 
becomes  operative  5.01  pence  (10  cents),' as  against  6.01  pence  (12 
cents)  in  the  previous  ordinance.  The  price  basis  of  the  tax  con- 
tinued, as  in  the  past,  to  be  the  price  of  American  Middling  cotton, 
but  July  futures  in  December  were  substituted  for  those  of  June. 
Legal  transactions  in  baled  cotton  must  be  registered.  In  1931  the 
particulars  of  1,861  contracts  covering  251,167  bales  of  cotton  were 
recorded. 

The  Government  commissioner  recently  laid  down  several  recom- 
mendations for  the  regulation  and  control  of  cotton  buyers  in  order 
to  protect  the  interest  of  the  native  growers  and  to  encourage  still 
further  the  cultivation  of  cotton.  Recommended  regulations  included 
control  of  price,  limitation  of  the  number  of  gins,  and  the  extension 
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of  educational  work  among  native  growers.  It  is  claimed  consider- 
able cheating  is  practiced  by  cotton  buyers  at  the  expense  of  native 
growers.  This  is  done  by  giving  short  weight,  or  short  change,  or  by 
bribing  chiefs  to  induce  their  natives  to  deliver  the  cotton  and  receive 
payment  at  a  much  lower  price  than  the  chiefs  receive.  Official  na- 
tive weighers  are  recommended  as  a  corrective  measure,  together  with 
a  prominent  exhibition  of  prices  being  paid  at  each  buying  place. 

In  1931  the  Government  of  India  proposed  to  levy  a  duty  of  one- 
half  anna  (1.05  cents)  per  pound  on  raw  cotton  imported  into  India. 
In  opposing  this  proposal  the  Indian  traders  in  Uganda  claimed  that 
the  duty  was  unjustified  because  Uganda  cotton  was  of  superior 
spinning  value  to  cotton  produced  in  India  and  was  not  competitive 
with  the  various  qualities  of  Indian  cotton. 

SUGAR 

INTERNATIONAL  SIGNIFICANCE  OF   SOUTH  AND   EAST  AFRICAN 

COUNTRIES 

The  present  and  future  production  of  sugar  in  Africa  deserves  the 
consideration  of  those  who  are  engaged  in  sugar  production  in  the 
United  States.  In  1932-33  the  African  countries  Egypt,  Union  of 
South  Africa,  Mozambique,  and  islands  of  Reunion,  Madagascar,  and 
Mauritius  produced  943,000  short  tons  of  sugar,  all  from  sugarcane. 
This  was  5  percent  of  the  estimated  total  world  production  of  cane 
sugar.  The  Union  of  South  Africa  and  Mozambique  produced  one- 
half  of  the  943,000  tons.  The  Union  alone  produced  more  cane  sugar 
and  one-fourth  as  much  total  sugar  as  continental  United  States. 
The  Union's  share  of  the  total  world  production  of  both  cane  and 
beet  sugar  has  increased  from  0.60  percent  in  1924r-25  to  1.34  percent 
in  1932-33  (table  138).  The  percentage  produced  by  Mozambique  is 
about  one-third  as  large.  Other  south  and  east  African  countries  not 
enumerated  separately  have  entered  recently  upon  the  production  of 
cane  sugar  on  a  modest  scale.  Production  in  the  Union  may  be 
doubled  or  trebled  within  a  few  years  by  the  adoption  of  recent 
technical  improvements,  but  this  expansion  may  be  checked  by  low 
price  levels. 

The  increasing  shipments  of  sugar  from  Mozambique  to  Portugal 
and  from  the  Union  to  England  and  Canada  will  make  it  somewhat 
more  difficult  for  the  principal  producing  countries,  like  Cuba  and 
Netherland  India,  to  dispose  of  their  sugar  in  these  countries. 
However,  there  is  no  immediate  prospect  of  a  serious  glutting  of 
world  markets  by  the  south  and  east  African  countries. 

UNION  OF  SOUTH  AFRICA 

TREND   OF   PRODUCTION 

Sugar  is  one  of  the  important  export  products  of  the  Union.  Its 
production  has  expanded  from  120,000  to  391,173  short  tons  between 
1918  and  1933.  The  coastal  belt  in  the  vicinity  of  Durban  is  well 
suited  to  the  production  of  sugarcane.  The  industry  dates  from 
1849.  Expansion  followed  the  increase  in  consumption  resulting 
from  the  opening  of  the  mines  on  the  Rand  and  elsewhere  between 
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1880  and  1889.  The  Anglo-Boer  War  also  led  to  greater  local 
demand,  and  the  opening  up  of  native  lands  in  Zululand  in  1905 
was  a  stimulating  influence.  Since  that  time,  governmental  poli- 
cies have  contributed  largely  to  the  subsequent  expansion.  In  1903, 
tariff  preferences  were  established  against  Mauritius  and  overseas 
sugar,  and  in  1922  a  duty  was  imposed  on  sugar  from  Mozambique. 
Successive  increases  in  the  sugar  duty  were  made  in  1926,  1930,  and 
1932,  with  a  result  that  the  production  of  sugar  has  doubled  during 
the  last  10  years.  Land  formerly  used  for  the  production  of  other 
crops,  such  as  tea,  has  been  diverted  into  sugarcane  production, 
particularly  since  1910.  The  price  of  sugar  for  consumption  in  the 
Union  has  been  limited  since  1926,  but  it  is  possible  to  obtain  for  the 
domestically  consumed  production  considerably  more  than  the  price 
obtained  for  exports.  Exports  reached  a  peak  of  210,000  tons  in 
1931.  Further  expansion  has  been  checked  temporarily  by  the  se- 
vere drought  of  1931  and  perhaps  permanently  by  the  increasing 
proportion  of  the  production  that  must  be  sold  at  low  export  price 
levels  (fig.  70).  The  quota  for  export  in  1932-33  was  established 
at  52  percent  of  the  total  crop,  and  the  price  paid  for  cane  was  less 
than  the  estimated  cost  of  production. 

Table  138. — Sugar:  Production  in  the  world  and  in  the  Unimi  of  South  Africa, 

1921,-25  to  1933-34 


World  pro- 
duction « 

Union  of  South  Africa 2 

Year  of  harvest 

Production 

Percent- 
age of 
world 

total 

1924-25 

Short  tons 
26, 670, 000 
27, 989, 000 
26, 624,  000 
28,515,000 

30,  655,  000 
30, 607,  000 

31,  530,  000 
29,  500,  000 
27, 088, 000 

*  28,  383, 000 

Short  tons 

161, 250 

239, 851 

242,  662 

247,  273 

295,  934 

298,  635 

3  393,  205 

3  325,  933 

3  358, 905 

3  391. 173 

Percent 
0.60 

1925-26..       

.86 

1926-27 - 

.91 

1927-28 

.87 

1928-29 

.97 

1929-30                                        

.98 

1930-31                                                          

1.25 

1931-32                        

1.10 

1932-33  

1.33 

1933-34-..            ..     

1.20 

1  Foreign  Crops  and  Markets  26  (23):  p.  654;  includes  cane  and  beet  sugar. 

2  Union  of  South  Africa  Official  Year  Book  (47,  no.  13,  p.  393) ;  cane  sugar  only 

3  Reported  by  Consul  Miller  and  South  African  Sugar  Association. 
*  Preliminary. 

In  1918  an  investigation  was  made  to  discover  how  far  the  pro- 
duction of  sugar  within  the  Empire  was  capable  of  development, 
and  the  estimate  for  Natal  was  a  total  of  900,000  tons.  Production 
has  more  than  doubled  since  1918,  but  the  estimate  of  900,000  tons 
will  not  be  reached  for  many  years,  if  at  all.  The  secretary  of  the 
South  African  Sugar  Association  estimates  that  the  production  dur- 
ing the  5  years  1933  to  1937  will  increase  to  around  500,000  tons  per 
year  and  in  rainy  years  when  growing  conditions  are  unusually 
favorable,  to  700,000  tons.  Higher  yielding  varieties,  slightly 
larger  acreage,  and  irrigation  are  mentioned  as  reasons  for  this  re- 
lief.    It  is  not  expected  that  the  area  will  be  materially  expanded. 
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It  is  limited  on  the  north  by  the  occurence  of  tsetse  flies  that  bring 
nagana  to  the  cattle  and  mosquitoes  that  spread  malaria  to  the 
people.  In  the  south  the  lands  are  all  too  rough  to  permit  further 
acreage  expansion.  Throughout  the  length  of  the  cane  belt  the  cane 
lands  are  hedged  in  by  native  reserves  and  locations.  A  few  areas 
otherwise  suitable  for  expansion  are  handicapped  by  the  absence  of 
railway  transportation  and  at  the  extreme  northern  end  of  the  cane 
belt  the  high  cost  of  transport  is  a  distinct  handicap.  It  costs 
30  shillings  per  ton  to  move  sugar  from  Umf olosi,  at  the  northern 
limit  of  the  cane  belt,  to  Durban  as  compared  with  5  shillings  from 
Mount  Edgecombe,  just  north  of  Durban. 

The  rapid  expansion  of  sugar  production  in  South  Africa  has 
been  checked.  Production  during  1932  was  358,905  short  tons, 
against  325,933  tons  in  1931  and  393,205  tons  in  1930.     The  reduc- 
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Figure  70— Production,  consumption,  and  trade  of  sugar,  union  of 
South  Africa,  1912-34. 

Sugar  production  has  steadily  increased,  and,  since  1925,  has  greatly  exceeded  domestic 

consumption. 

tion  in  1931  was  caused  by  drought  in  northern  Natal,  including 
Zululand,  combined  with  most  unusual  September  frosts  in  certain 
areas. 

The  1934  crop  is  estimated  to  be  350,000  tons.  Low  prices  have  dis- 
couraged planting.  Prices  per  ton  paid  to  planters  for  sugarcane  of 
13  percent  sucrose  delivered  at  the  mill  have  declined  during  the  past 
4  years  (table  144). 

The  time  for  planting  new  cane  is  from  September  to  December. 
The  cane  that  has  passed  its  third  ratooning  usually  yields  too  little 
to  save  and  is  plowed  up.  Twenty  tons  per  acre  biennially  is  usually 
considered  the  minimum  yield  for  profit.  When  prices  are  high, 
additional  ratooning  is  profitable  even  at  lower  yields  per  acre,  but 
when  prices  are  low,  the  older  cane  lands  are  more  likely  to  be  plowed 
and  replanted.  However,  in  1932-33,  under  adverse  financial  con- 
ditions, less  old  cane  was  plowed  out  and  less  new  cane  was  planted. 
The  number  of  profitable  ratoon  crops  depends  upon  the  quality  of 
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the  soil,  and  other  factors.  Furthermore,  irrigated  cane  is  often  cut 
annually,  and  there  may  be  5  or  6  ratoon  crops.  The  irrigated  acre- 
age now  amounts  to  only  about  5,000  acres  out  of  almost  350,000  acres, 
but  the  irrigation  projects  now  under  development  or  consideration 
may  increase  the  irrigated  acreage  to  50,000  or  100,000  acres.  It  is 
estimated  that  by  irrigation  it  will  be  possible  to  double  the  annual 
sugar  production  of  South  Africa,  but  at  present  prices  it  would  not 
be  profitable,  in  view  of  the  heavy  costs  of  pumping  water  from  the 
rivers,  and  the  expansion  from  this  source  is  not  likely  to  affect  the 
mentioned  tendencies  toward  a  diminution  of  production. 

Another  influence  against  marked  reduction  in  acreage  is  the  fact 
that  the  lands  now  in  cultivation  represent  much  invested  capital  and 
will  not  be  quickly  abandoned.  Practically  no  other  crops  are  grown 
in  the  sugar  belt,  although  the  local  industry  is  over  50  years  old,  and 
substitution  of  other  crops  does  not  seem  generally  practicable. 

About  one-third  of  the  crop  is  produced  by  the  milling  companies, 
whose  invested  capital  is  great  and  whose  necessity  for  maintaining 
production  will  be  equally  great,  even  though  mergers  eliminate  some 
of  the  weaker  mills.  The  other  two-thirds  of  the  crop  (over  200,000 
acres)  is  in  the  hands  of  about  600  independent  planters  with  acre- 
ages averaging  between  300  and  400  acres,  although  some  have  more 
than  1,600  acres.  These  planters  will  abandon  production  reluctantly. 
A  recovery  of  prices  will  prevent  reduction  in  their  numbers  except 
as  they  may  sell  out  to  the  mills. 

Another  factor  against  marked  curtailment  of  production  is  the 
introduction  of  improved  strains  of  cane,  which  yield  much  more 
than  the  present  Uba  variety  and  give  a  factory  recovery  of  80  to 
85  percent,  as  compared  with  the  present  75  percent.  Among  the  best 
of  the  new  cane  varieties  is  Co.  290  from  India,  suitable  for  dry 
land,  and  P.  O.  J.  2878  from  Java,  suitable  for  irrigated  land.  The 
Natal  Sugar  Experiment  Station  is  testing  over  100  promising  varie- 
ties of  improved  cane  from  various  parts  of  the  world.  The  first 
canes  have  been  released  by  the  station  for  commercial  planting. 
Several  hundred  tons  have  been  distributed  for  planting,  and  it  is 
expected  that  in  2  or  3  years,  if  not  sooner,  half  of  the  new  plant- 
ings will  be  of  one  or  more  of  these  new  improved  varieties,  par- 
ticularly since  the  canes  are  ready  for  use  as  plant  cane  at  the  end 
of  1  year  instead  of  2.  The  average  yield  of  sugar  per  acre  per  year 
in  the  Union  is  only  1  ton,  as  compared  with  6  tons  in  Hawaii  and 
Java.  Limiting  factors  in  the  Union  include  low  and  irregular  rain- 
fall, low  temperatures  during  winter  months,  soil  deficient  in  phos- 
phorous and  organic  matter,  and  the  existence  of  one  or  two  minor 
diseases  of  sugarcane.  A  material  increase  in  the  yield  of  sugar 
per  acre  would  reduce  the  cost  of  production  and  enable  the  grow- 
ers to  compete  more  successfully  in  overseas  markets. 

Drought  has  demonstrated  the  value  of  the  Uba  variety,  which  is 
both  disease  resistant  and  drought  resistant.  These  advantages  are 
sufficient  to  offset  its  small-sized  canes  and  high  fiber  content.  It  is 
not  likely  that  the  improved  varieties  of  Java  cane  now  being  dis 
tributed  for  the  first  time  by  the  Natal  Sugar  Experiment  Station 
will  ever  completely  displace  the  Uba  variety  from  the  areas  that  are 
most  susceptible  to  drought  and  disease. 
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A  yield  of  20  tons  of  cane,  which  brings  12  shillings  ($2.92)  pel 
ton  is  still  profitable  on  some  lands  where  the  production  costs  are 
estimated  to  average  £10  ($48.67)  per  acre,  but  if  2  shillings  (49 
cents)  is  allowed  for  costs  of  transporting  cane  to  the  mill  there  is 
no  profit,  and  for  many  producers  there  is  a  loss.  With  the  low 
yields  of  1931  losses  were  common. 

The  highest  yield  of  cane  per  acre  was  obtained  in  1925,  and  there 
is  no  obvious  tendency  toward  an  increase  in  average  yield  (table 
139).  It  is  significant,  however,  that  yields  in  Zululand  have  de- 
creased during  the  5  years  1926  to  1930,  while  yields  excluding 
those  in  Zululand  have  increased.  This  is  probably  because  Zulu- 
land  cane  in  1926  was  more  largely  grown  on  new  ]ands,  where  yields 
were  above  average  and  where  less  attention  has  been  given  to  main- 
taining the  soil. 

Table  139. — Sugar:  Yield  of  cane  and  of  sugar,  Union  of  South  Africa,  192%-Sl 


Year  of 

Acreage 
harvested 

Cane  harvested  (May  to 
December) 

Sugar  produced 

Rainfall  at 

Mount 
Edgecombe 

harvest 

Total 

Per  acre 

Per  ton  of 
sugar 

Total 

Per  acre 

Per  acre 
per  year 

1924. . 

Acres 
92, 965 
109,  362 
114,  279 
128,  734 
141,  224 
135, 807 
169, 803 
(2) 

Short  tons 
1, 729, 344 
2, 638, 000 
2,  335,  406 
2, 482, 000 
2, 878, 149 
2,818,000 
3, 801, 886 
3, 123,  792 

Short  tons 
18.60 
24.12 
20.44 
19.28 
20.38 
20.75 
22.39 

Short  tons 
10.72 
11.00 
9.62 
10.04 
9.73 
9.44 
9.67 
9.58 

Short  tons 
161,250 
239, 851 
242,  662 
247,  273 
295,934 
298,635 
i  393, 205 
i  325, 933 

Short  tons 
1.73 
2.19 
2.12 
1.92 
2.10 
2.20 
2.32 
(») 

Short  tons 
0.87 
1.10 
1.06 
.96 
1.05 
1.10 
1.16 
(») 

Inches 
29  93 

1925 

43  80 

1926.-. 

25  42 

1927 

42.46 

1928 

27.56 

1929 

43.83 

1930 

1931 

30.03 
28.01 

1  Revised  to  agree  with  Consul  Miller's  report. 

2  Data  lacking. 

South  African  Sugar  Technologists'  Association  (6,  p.  iff). 

The  drought  in  1931  and  1932  greatly  stimulated  interest  in  the 
development  of  irrigation  for  sugarcane.  Several  of  the  large  sugar 
estates  are  installing  new  pumping  plants  for  raising  water  from  the 
rivers,  or  are  enlarging  the  pumping  plants  and  storage  reservoirs 
already  in  operation. 

The  sugarcane  area  of  the  Union  extends  in  a  narrow  strip  along 
the  coast  of  Natal  Province  from  Port  Shepstone  on  the  south  to 
Hlabisa  district  on  the  north.  This  coastal  strip  is  about  235  miles 
long  and,  with  minor  exceptions,  extends  only  10  or  15  miles  inland 
(table  140). 

The  sugarcane  acreage  at  the  beginning  of  the  1932  season  was 
300,860,  which  is  an  increase  of  43  percent  in  the  8  years  since  1923, 
and  an  increase  of  4  percent  from  1931.  This  was  the  second  time 
in  10  years  that  the  area  of  plant  cane  showed  a  material  decrease. 
The  recent  slump  of  sugar  prices  is  doubtless  the  cause.  The  area 
reaped  in  1931  declined  for  the  first  time.  The  reduced  planting  in 
1930  will  be  further  reflected  in  the  statistics  for  the  area  harvested 
in  1932.  The  acreage  of  virgin  cane  land  prepared  for  planting 
grew  from  10,536  acres  in  1922  to  20,050  acres  in  1928,  but  decreased 
again  to  9,058  acres  in  1931.  The  area  in  sugarcane  at  the  beginning 
of  the  1932  season  was  only  48  percent  of  the  area  of  the  583  farms 
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growing  cane.  At  that  time  cane  growers  reported  that  there  was 
an  additional  15  percent  of  the  farm  area  (90,971  acres)  suitable  for 
cane  but  not  yet  planted  or  prepared.  It  is  significant  that  between 
1925  and  1929  the  farmers'  estimates  of  land  suitable  for  cane  but 
not  yet  planted  or  prepared  rose  from  98,000  acres  to  139,000  acres 
despite  the  fact  that  65,000  acres  of  virgin  land  were  prepared  be- 
tween these  two  dates.  Since  1929  there  have  been  38,000  acres  of 
virgin  land  prepared,  and  the  estimate  of  remaining  land  suitable  for 
cane  has  decreased  by  48,000  acres.  This  indicates  that  the  growing 
optimism  as  to  the  suitability  of  land  for  cane  has  been  checked  since 
1929.  Tables  141  and  142  reflect  the  details  of  these  tendencies. 
The  oldest  districts  of  Pinetown  and  Camperdown,  near  Durban, 
have  increased  in  acreage  only  5  percent  in  the  8  years  since  1923, 
while  the  greatest  percentage  increases  occurred  in  the  new  areas  in 
Eshowe  and  Hlabisa  districts.  In  the  latter  area  no  cane  was  grown 
in  1923.  Most  of  the  acreage  described  as  suitable  for  cane  and  not 
yet  planted  is  found  north  of  Durban,  especially  in  the  important 
districts  of  Lower  Umfolosi  and  Lower  Tugela. 

Table  140. — Sugarcane:  Acreage  in  tJie  Union  of  South  Africa 


District  * 

Acreage, 

Apr.  30, 

1933 

Percent- 
age in- 
crease, 
1923-33 

Acres 
suitable 
for  cane 2 

District  • 

Acreage, 

Apr.  30, 

1933 

Percent- 
age in- 
crease, 
1923-33 

Acres 
suitable 
for  cane  2 

Port  Shepstone 

Acres 
7,743 
59, 082 
13,  587 
45,  251 
87,  051 
41,  602 

Percent 
39 
119 
6 
8 
64 
50 

Acres 
4,132 
12, 371 
4,487 
4,414 
28,  820 
13, 899 

Acres 
14, 437 
59,  207 
8,540 

Percent 
603 

48 
(3) 

Acres 
8,959 
32,  093 
8,535 

Lower  Umfolozi 

Total 

Lower  Tugela    . .    . 

336,  500 

60 

117,  710 

i  Arranged  geographically  from  south  to  north. 

2  Not  yet  planted  or  prepared,  1933. 

3  Not  enumerated  in  1923. 

Union  of  South  Africa:  Monthly  Bulletin  of  Union  Statistics,  April  1934.    [Mimeographed] 

Table  141. — Sugarcane:  Acreage  owned  by  Europeans  in  the  Union  of  South 

Africa,  1923  to  1933 


Year  beginning  May  1— 

Plant 
cane 

Ratoons 

Total  i 

First 

Second 

Third 

Fourth 

Other 

1923 

Acres 
69, 710 
69, 141 
72, 986 
76, 086 
73,  537 
86,  246 
99, 293 
98,  814 
84, 814 
81, 195 
85,  046 
3,489 

Acres 
36, 098 
43, 823 
54,  273 
59,  098 
63,  286 
64, 172 
68,647 

73,  087 
75,  219 

74,  972 
78,  525 

143 

Acres 
32,  745 
26,  362 
32,  956 
41,684 
49,  912 
53,  227 
59,  930 
62,  322 
56,  944 
64,  975 
71,  252 
17 

Acres 
34,044 
27,  538 
25, 489 
26,  036 
28,418 
31,  701 
39,  348 

39,  640 

40,  522 

41,  941 
52,  557 

Acres 
22, 877 
19, 166 
17, 398 
15,  791 

14,  071 

15,  073 

16,  549 
17, 142 
16,  309 
18,  736 
22,  464 

Acres 

15,  522 
14, 921 
13,  698 
13,  272 

16,  023 
13, 916 
16, 127 
18,  913 
15,  245 
19,041 
23,007 

Acres 
210, 996 

1924  .. 

200, 951 

1925  .. 

216,  800 

1926 

231,  967 

1927 

245,  247 

1928 

264,  335 

1929 

299,  894 

1930. . . 

309,  918 

1931... 

289,  053 

1932 

300,  860 

1933  (Uba  variety.) 

332,  851 

1933  (Other  varieties.) 

3,649 

i1  Not  including  insignificant  acreage  of  varieties  other  than  Uba. 

Compiled  from  Agricultural  Census  Reports;  Monthly  Bulletin  of  Union  Statistics,  March  1932;  and 
correspondence,  Union  of  South  Africa,  Office  of  Census  and  Statistics. 
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Table  142. — Sugar:  Farms,  acreage  and  probable  expansion.  Union  of  South 
Africa,  1922-23  to  1932-33 


Year  begin- 
ning May  1— 

Farms 

Total 
area  of 
farms 

Cane  land 

Cane 

plowed 

out 

Average 

age  of 

cane 

plowed 

out 

Land  prepared 
for  cane 

Land 
suitable 
for  cane 

Area 
reaped 

Cane 
reaped 

Old  cul- 
tivated 
land 

Virgin 
land 

not  yet 
planted 
or  pre- 
pared 

1922 

Number 
591 
565 
606 
665 
678 
674 
693 
694 
675 
583 
619 

Acres 
484,  253 
467,  454 
512,  112 
589,  173 
603,  907 
641,209 
714,  555 
713,  105 
705,  429 
625,238 
700,061 

Acres 
79, 759 
90,  467 
86,  631 
102, 113 
106,811 
111,921 
129,  786 
134,  857 
144,  874 
139,  774 
163,  584 
41 

Sh.  tons 

1,  578, 801 
1,918,560 
1,616,210 
2,311,293 
2, 182,  691 

2,  157,  588 
2,  644,  900 

2,  797,  888 

3.  243, 107 
2,  635,  728 
3, 155,  195 

1,140 

Acres 
i  22,  893 
21,  323 
19,  799 
18,  498 
18,  831 
22,752 
24,  355 
26,540 
23,557 
29,240 
40,229 

Years 
18.32 
8.43 
8.28 
8.17 
8.15 
8.10 
(2) 
(2) 
7.88 
7.80 
7.80 

Acres 
i  17,  791 
16,368 
18,306 
16,  418 
17,545 

20,  351 

21,  078 

22,  233 
19,613 
20,052 

Acres 
1  10,  536 
13,  715 
12,  477 
12,  696 
16,  618 
16,064 
20,050 
16,  504 
12,  786 
9,058 
11,869 

Acres 
i  101,346 

1923 

92,091 

1924 

98,237 

1925     

134,  973 

1926 

129,  723 

1927 

122,  009 

1928 

139,  184 

1929 :.. 

127,  345 

1930 

114,  189 

1931 

90,971 

1932  (Uba) 

117,710 

1932  (Other)  .. 

1  Includes  a  small  acreage  grown  by  non-Europeans  (approximately  7,000  acres  at  present) . 

2  Data  not  available. 

Compiled  from  Agricultural  Census  Reports;  Monthly  Bulletin  of  Union  Statistics,  March  1932;  and 
correspondence,  Unioivof  South  Africa,  Office  of  Census  and  Statistics,  excludes  Indian  and  native  cane, 
6  or  8  percent  of  total  cane. 

The  Government  decided  to  proceed  with  the  Pongola  River  irri- 
gation scheme,  which  is  to  water  60,000  acres  of  good  land  near 
Gollel  on  the  southern  border  of  Swaziland.  Official  tests  have 
shown  sugarcane  to  yield  80  tons  per  acre  per  year  as  compared  with 
a  good  average  of  25  tons  per  acre  biennially  in  Xatal  Province. 
Even  60  tons  per  acre  worth  the  present  low  price  of  12  shillings  per 
ton  would  return  £36  ($175  at  par)  gross  per  acre  per  year,  as  against 
£7y2  ($36.50  at  par)  per  acre  per  year  in  Natal  Province.  This  de- 
velopment may  be  expected  within  a  few  years  to  increase  the  Union's 
sugar  production  and  displace  the  crop  now  grown  on  some  of  N'atal's 
less  productive  soils. 

The  South  African  Cane  Growers  Association  is  undertaking  to 
induce  the  Government  to  control  production.  The  present  unprof- 
itable price  is  caused  by  the  necessitv  of  exporting  overseas  at  least 
50  percent  of  the  sugar  manufactured.  Indians  and  natives  produce 
a  considerable  quantity  of  cane.  About  30  to  50  percent  of  the  cane 
is  produced  by  miller  planters,  whose  milling  profit  offsets  the  loss 
from  low  cane  prices.  Therefore,  voluntary  action  is  impossible. 
The  association  claims  that  by  various  manipulations  planters  are 
receiving  6%  percent  below  the  basis  of  the  Fahey  conference  agree- 
ment. Under  this  agreement  planters  received  in  1930  a  benefit  of 
1  penny  (2  cents)  per  ton  instead  of  the  expected  1  shilling  10  pence 
(45  cents)  per  ton. 

METHODS  AND   COSTS   OF  PRODUCTION 

About  28  percent  of  the  cane  is  grown  by  the  manufacturing  com- 
panies who  own  the  sugar  factories.  There  are  21  sugar  factories, 
some  of  which  produce  raw  sugar  for  refining,  while  some  make  car- 
bonation  white  sugar,  and  others  make  mill  white  sugar.  One  of  the 
raw-sugar  mills  refines  its  own  product  by  the  Suchar  process.     Two 
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of  the  most  northern  factories  handle  a  large  proportion  of  cane 
grown  on  alluvial  flats  together  with  the  hill  canes,  whereas  the  rest 
work  hill  canes  only,  of  widely  varying  quality,  according  to  locality 
and  conditions  of  growth.  The  remaining  72  percent  of  the  cane  is 
grown  by  about  600  individual  planters. 

Most  of  the  estates  are  on  gently  rolling  hills.  Many  contain  a 
considerable  proportion  of  flat  land,  and  a  few,  especially  near  the 
mouths  of  the  larger  Zululand  rivers,  are  entirely  on  the  flats.  The 
soil  is  fairly  deep  and  fertile,  and  the  belt  is  practically  free  from 
frost.  Sandy  loams  predominate  but  are  heavier  in  the  older  parts 
of  Natal  near  Durban.  In  the  southern  part  of  the  belt,  clay  and 
medium  loams  predominate.  The  rainfall,  averaging  about  40 
inches,  is  deficient  for  optimum  growth  of  sugarcane.  Thirty-three 
rivers  flow  through  the  sugar  belt  into  the  Indian  Ocean,  but  as  yet 
only  six  estates  practice  any  irrigation;  one  of  these  irrigates  2,000 
acres,  and  another,  500  acres.  The  standard  number  of  irrigations 
is  12,  of  3  inches  each,  and  the  cane  is  usually  harvested  after  the 
normal  2  years'  growth. 

One  of  the  estates  ordinarily  gives  15  or  20  applications  of  2  or  3 
inches  and  finds  that  in  this  way  a  crop  can  be  grown  in  one  season 
such  as  would  ordinarily  take  2  years  to  grow  without  irrigation. 

For  several  years  (since  1926)  the  commercial  cultivation  of  varie- 
ties other  than  Uba  (a  drought-resistant,  mosaic-resistant  hard  cane) 
has  been  prohibited,  but  recently  improved  varieties  have  been  se- 
lected and  released  for  commercial  cultivation.  The  most  promising 
varieties  are  P.  O.  J.  2725,  P.  O.  J.  2878,  and  Co290. 

The  cane  shoots  are  planted  in  furrows  4%  to  6  feet  apart.  The 
sticks  are  usually  laid  in  a  single  continuous  line,  sometimes  with  an 
overlap,  or  occasionally  a  double  line.  Blank  spaces  in  the  row  are 
usually  replanted  as  soon  as  possible.  The  fields  are  cultivated  and 
weeded  mechanically  and  by  hand. 

The  use  of  commercial  fertilizer  is  general,  consisting  usually  of 
superphosphate  and  occasionally  of  complete  fertilizer.  Applica- 
tions usually  range  from  400  to  800  pounds,  averaging  about  600 
pounds  per  acre.  The  subsequent  ratoon  crops  are  usually  fertilized, 
chiefly  or  solely  with  superphosphate.  Filter  cake  is  largely  used  in 
quantities  of  about  10  tons  per  acre.  Stable  manure  is  applied  when 
available,  but  supplies  are  scanty. 

The  first  crop  is  harvested  after  2  years,  and  3  or  4  ratoon  crops  are 
subsequently  harvested  at  biennial  intervals  before  the  field  is  plowed, 
rested  for  a  year,  and  replanted.  The  lighter  soils  produce  only 
2  ratoon  crops,  while  up  to  9  or  10  ratoon  crops  are  obtained  from 
alluvial  flats. 

The  standing  cane  is  customarily  burned  before  the  cutting  except 
where  the  soils  are  sandy  and  deficient  in  organic  matter.  Most  of 
the  labor  is  performed  by  natives  (blacks)  drawn  from  neighboring 
estates  and  native  locations,  or  recruited  from  tribes  living  at  a  dis- 
tance. East  Indians,  the  descendants  of  laborers  formerly  brought 
into  the  country  under  indenture,  are  also  commonly  used  except  in 
Zululand  to  the  north.  Natives  are  usually  paid  for  every  30  days 
of  actual  work  and  the  Indians  at  a  fixed  rate  per  calendar  month. 
During  the  harvesting  season  the  number  of  laborers  is  1  to  every  5 
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to  12  acres  under  cane,  and  during  the  rest  of  the  year  1  for  every  9 
to  12  acres.  Much  of  the  work,  especially  the  cutting  and  loading  of 
cane,  is  paid  for  on  the  task  system.  The  usual  daily  task  is  2  to  3 
tons  of  cane  per  day,  cut  and  loaded  on  the  truck  or  wagon,  or  if  the 
cane  has  not  previously  been  burned,  1  to  iy2  tons  per  day.  The 
task  for  plowing  varies  from  1,000  to  3,000  yards  and  for  weeding  it 
varies  from  500  to  2,000  yards  per  day. 

In  Zululand,  where  there  is  still  sufficient  grazing  land,  oxen  are 
generally  used  for  draft  and  transport,  although  mules  are  preferred 
for  cultivation,  and  motors  are  often  used  for  plowing  and  for  hoeing 
cane.  Further  south,  where  grazing  land  is  scarce,  very  few  oxen  are 
used.  The  oxen  are  generally  fed  exclusively  on  cane  tops  during  the 
harvesting  season  and  grazed  during  the  remainder  of  the  year. 
Mules  are  usually  fed  4  to  10  pounds  of  crushed  corn  per  day  together 
with  cane  tops  or  grass.     Molasses  is  only  occasionally  fed. 

Since  the  customary  wage  for  natives  and  Indians  is  only  1  shil- 
ling 4  pence  (32  cents)  per  day  or  about  £1  to  £2  ($4.87  to  $9.74)  per 
month,  plus  rations  and  housing  costing  about  £1  per  month,  and 
since  very  little  food  must  be  purchased  for  oxen  or  mules,  the  cost  of 
man  and  animal  labor  is  very  low. 

Over  a  moderate-sized  holding  an  average  yield  of  20  to  25  tons 
per  acre  may  be  expected  every  second  year. 

A  recent  inquiry  among  certain  cane  growers  has  disclosed  that 
their  average  cost  of  producing  cane  was  13  shillings  2  pence  ($3.20 
at  par)  per  ton.  As  their  average  production  was  4,563  tons,  as 
compared  with  2,940  tons — the  average  for  all  members  of  the  Cane 
Growers'  Association — and  as  lower  output  was  associated  with 
higher  costs,  it  is  probable  that  the  average  cost  was  more  than  13 
shillings  2  pence  ($3.20)  per  ton.  It  was  definitely  higher  than  the 
average  price  of  11  shillings  9.8  pence  ($2.88)  for  1932. 

METHODS   OF   MARKETING 

In  1929-30  there  were  6  mills  in  operation  in  Zululand  and  24  in 
the  remainder  of  Natal.  The  number  has  since  been  reduced  to  21. 
There  are  two  refineries.  One  of  these,  using  the  bone-char  process, 
takes  raw  sugar  from  the  mills  and  is  equipped  to  produce  120,000 
tons  of  refined  sugar ;  the  other,  using  Suchar  process,  produces  about 
10,000  tons.  Several  mills  produce  mill  white  sugar,  and  one  mill 
produced  about  30,000  tons  of  refined  sugar  by  the  double  carbona- 
tion  process.  These  manufacturers  are  organized  to  form  the  South 
African  Sugar  Association. 

Three  cooperative  sugar  associations  were  registered  in  the  Union 
of  South  Africa  at  the  end  of  June  1930.  Two  of  these  were  limited 
liability  companies:  the  third  was  a  cooperative  society  with  un- 
limited liability.  The  total  membership  of  these  three  organizations 
was  116,  and  the  produce  sold  for  members  during  the  year  1929-30 
amounted  to  £186,954  ($909,000).  The  Eshowe  Cooperative  Sugar 
Co.,  Ltd.,  was  organized  and  registered  in  February  1924.  In  1928 
it  had  26  members,  paid-up  capital  £310,  and  the  profit  for  the  year 
was  £18.  The  total  turn-over  of  business  for  1926-27  was  only 
£16,777,    The  Eshowe  Cooperative  sells  its  members'  cane  under  con- 
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tract  to  a  proprietary  mill.  It  has  constructed  a  small  railway,  6% 
miles  long  for  transporting  its  cane  to  the  mills.  The  Umfolosi  Co- 
operative Sugar  Planters,  Ltd.,  was  registered  in  November  1923.  In 
1928  it  had  21  members,  paid  up  capital  £6,648,  reserves  £4,577,  and 
a  profit  for  the  year  of  £4,153  on  total  business  amounting  to  £122,518 
($596,000).  Prior  to  1923  the  cane  now  handled  by  the  Umfolosi 
Cooperative  was  crushed  and  processed  by  a  commercial  company 
operating  at  Umfolosi  under  contract  with  the  Government.  When 
this  company  suspended  operations  in  1923  the  growers  established 
a  cooperative  company  to  acquire  and  operate  the  mills.  This  deal 
was  financed  with  the  aid  of  loans  from  the  Government  Land  Bank, 
guaranteed  by  the  department  of  lands.  During  its  first  season, 
1924-25,  the  cooperative  operated  successfully,  but  in  1925  its  ma- 
chinery was  so  damaged  by  flood  that  operations  had  to  be  suspended 
for  two  seasons.  During  this  period  cane  was  transported  by  rail 
for  pressing  in  other  mills. 

The  milling  season  usually  extends  from  May  to  December.  The 
exporting  season  coincides  with  the  milling  season,  although  smaller 
quantities  are  exported  from  January  to  June. 

In  1910,  when  sugar  consumption  in  the  Union  was  about  112,000 
short  tons,  production  was  only  82,000  tons,  thus  making  necessary 
the  importation  of  a  considerable  proportion  of  the  supply.  Since 
1918  consumption  has  ranged  upward  from  about  150,000  tons,  while 
the  production,  increasing  even  more  rapidly,  has  resulted  in  insig- 
nificant imports  and  rapidly  increasing  exports.  The  export  quota 
for  the  1932  crop  was  52  percent  of  the  production  (table  143). 


Table  143. 


Sugar:  Production,  imports,  exports,  and  consumption,   Union  of 
South  Africa,  1910-11  to  1933-34 


Year  ended  June  30— 

Production  ' 

Imports 
less  reex- 
ports 

Exports  of 
South  Afri- 
can produce 

Retained  or 
available  for 
consumption 

Sugar  used 
in  manu- 
facturing 

1911 

Short  tons 
82,000 
92,000 
96,000 
92, 153 
102,  653 

113,  358 

114,  709 
104,  921 
150,  214 
189,  183 
143,  680 
148,  275 
159,  362 
203,  360 
161,  250 
239,  851 
242,  662 
247.  273 
295,  934 
298,  635 
393,  205 
325,  933 
358,  905 
391,  173 

Short  tons 

32,  321 

27,  055 

23,617 

25,939 

15,  774 

5,920 

7,978 

15, 389 

10, 498 

1,359 

2,050 

17,  667 

13,  506 

583 

791 

6,075 

4,091 

5,292 

25,  261 

15,  746 

6,004 

4, 154 

820 

Short  tons 

2,790 

2,036 

2,303 

2,073 

2,859 

3,893 

4,047 

4,039 

12, 898 

27,495 

42,  725 

36,  652 

39, 181 

36,  452 

13,  558 

70,  602 

66,  910 

68,  978 

96,  681 

123,  590 

210,  632 

146,  977 

185, 451 

Short  tons 
111,531 

117,  019 
117, 314 
116, 019 

115,  568 
115,385 

118,  640 

116,  271 

147,  814 
163,  047 
103,  005 
129,  290 
133,  687 
167,  491 

148,  483 
175,  324 
179,  843 
183,  587 
224,  514 
190,  791 
188,  577 
183. 110 
174,  274 

Short  tons 
(2) 

(2) 

(2) 

1912 

1913 

1914 

(2) 
(2) 

1915 

1916     

(2) 

14,085 
16,  152 

1917. 

1918 

1919 

17,  848 

1920 

19,  059 

1921 

16, 898 

1922 

1923 

13,  735 
15,  330 

1924 

18,  016 

1925 

19,  698 

1926 

20,710 

1927     - 

22,  351 

1928     - 

23,919 

1929 

24,  842 

1930 

24,  217 

1931 

22.  664 

1932.  _ 

22,  475 

1933. 

23,028 

1934 

1  Figures  up  to  1921-22  represent  sugar  that  went  into  direct  consumption  and  from  1922-23  gross  output 
at  mills. 

2  Not  available. 

Union  of  South  Africa  Official  Year  Book  (47,  no.  16). 
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Most  of  the  sugar  exported  from  the  Union  goes  to  the  United 
Kingdom,  although  during  recent  years  substantial  and  increasing 
quantities  have  gone  to  Canada.  Exports  to  the  United  Kingdom 
were  68,487  short  tons  in  1932,  as  against  122,293  tons  in  1931  and 
similar  quantities  in  each  of  the  2  preceding  years,  while  exports  to 
Canada  were  greatly  increased.  Exports  to  Canada  have  shown  pro- 
gressive increases  during  the  last  3  years,  because  Canada  gives 
greater  preference  to  sugar  from  the  British  Dominions  than  from 
the  British  Colonies,  whereas  the  reverse  is  true  of  the  United  King- 
dom. Small  quantities  are  exported  to  nearby  countries,  chiefly 
Mozambique,  Belgian  Congo,  Nyasaland,  Tanganyika,  Kenya,  and 
Mauritius. 

PRICES 

The  average  price  obtained  for  sugarcane  by  South  African  grow- 
ers between  1919  and  1929  was  usually  slightly  below  £1  ($4.87  at  par) 
per  ton,  although  in  1921  it  was  33  shillings  ($8.03  at  par).  During 
the  last  3  years,  however,  these  prices  have  slumped  below  12  shillings 
($2.92  at  par)   (table  144). 

Table  144. — Sugarcane:  Price  per  short  ton  to  grower*,  Union  of  South  Africa, 

1918-32 


Year 

Shill- 
ings- 
pence 

Dollars 
at  par 

Year 

Shill- 
ings- 
pence 

Dollars  j 
at  par 

Year 

Shill- 
ings- 
pence 

Dollars 
at  par 

1918 

18-4 

16-7 

19-10 

33-0 

19-4 

4.46 
4.03 
4.83 
8.03 
4.70 

1923.   

17-3 
21-0 
17-6 
16-0 
16-8 

4.20  ! 
5.11  i 
4.26  i 
3.89  1 
4.05  ' 

1928     „ 

19-9 

18-10 

15-2 

12-0 

11-10 

4.81 

1919 

1924 

1929... 

4.58 

1920 

1925 

1930     . 

3.69 

1921 .,.. 

1926 

1931 

2.92 

1922 

1927 

1932 

2.88 

Union  of  South  Africa  Official  Yearbooks  (47) . 


Approximately  one-half  of  the  sugar  production  of  the  Union  is 
retained  for  consumption  in  the  country.  Under  prevailing  ar- 
rangements sugar  manufacturers  sell  sugar  in  the  Union  at  much 
higher  prices  than  they  obtain  for  the  portion  exported.  The  price 
of  sugar  in  South  Africa  is  closely  controlled  by  legislation.  The 
Sugar  Price  Act  of  1926  established  a  maximum  price  at  retail  for 
refined  sugar  at  South  African  ports  for  consumption  in  the  Union 
at  3%  pence  (7y2  cents)  per  pound  and  of  mill  white  sugar 
3%  pence  (7  cents)  per  pound.  These  were  reduced  one-fourth 
penny  in  1932.  By  way  of  comparison,  the  J)rice  of  no.  1  grade  Natal 
sugar  during  the  1932  season  was  22  shillings  9  pence  ($5.54)  per  100 
pounds  f .  o.  b.  Durban  or  c.  i.  f .  Cape  ports,  but  this  amounts  to  only 
18  shillings  ($4.38)  after  deductions  for  excise  tax  and  loss  on  ex- 
ports. This  price  of  18  shillings  is  equivalent  to  2.16  pence  (4.38 
cents)  per  pound.  In  September  1926  the  Government  made  effec- 
tive a  suspended  duty  of  3  shillings  6  pence  (85  cents)  per  100 
pounds.  This  is  in  addition  to  the  substantive  duty  which  was 
increased  in  1930  from  4  shillings  6  pence  ($1.10)  to  9  shillings 
($2.19)  per  100  pounds.  The  local  candy  manufacturers  and  fruit 
canners  are  protected  by  the  ruling  that  the  Natal  Sugar  Association 
must  supply  manufacturers  at  prices  equal  to  the  world's  price 
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c.  i.  f.,  plus  4  shillings  6  pence  ($1.10)  per  100  pounds  duty.  The 
determination  of  the  world's  price  is  left  to  the  sugar  association, 
and  manufacturers  have  requested  that  the  Government  permit  sugar 
for  manufacturing  purposes  to  enter  at  4  shillings  6  pence  ($1.10) 
per  100  pounds  duty  in  order  to  guarantee  that  South  African  sugar 
shall  be  quoted  at  prices  based  on  true  current  value  in  the  world's 
markets.  Table  145  gives  the  average  price  (including  £1  ($4.87) 
excise  duty)  of  first  refined  Natal  sugar  per  short  ton  at  Durban 
from  1910-11  to  1929-30. 

Table  145. — Sugar:  Price  of  Natal  sugar  at  Durban,  1910-11  to  1932-33 


Year 

Price  per 

ton 

Price  per 
pound 

Year 

Price  per 
ton 

Price  per 
pound 

1910-11 

Dollars 
83.76 
87.95 
79.16 
78.28 
88.76 
94.53 
99.13 
123.  86 
113.33 
128.  07 
226.  65 
141.  95 

Cents 
4.2 
4.4 
4.0 
3.9 
4.4 
4.7 
5.0 
6.2 
5.7 
6.4 
11.3 
7.1 

1922-23..   

Dollars 
111.13 
144. 19 
118.35 
105.  48 
107.  33 
109.82 
107.  61 
97.96 
94.99 
88.18 
95.57 

Cents 
5.6 

1911-12.. 

1923-24...         

7.2 

1912-13 

1924-25 

5.9 

1913-14 

1925-26 

5.3 

1914-15 

1926-27 

5.4 

1915-16 

1927-28   . 

5.5 

1916-17 

1928-29 

5.4 

1917-18.    . 

1929-30 

1930-31 

4.9 

1918-19.    

4.7 

1919-20   

1931-32-. 

4.4 

1920-21 

1932-33 .- 

4.8 

1921-22 

From  official  sources. 

The  excise  tax  of  1  shilling  per  100  pounds  on  Union  sugar  has 
been  in  force  since  1915.  The  net  return  that  the  sugar  industry  gets 
from  best  refined  sugar  used  in  products  manufactured  in  South 
Africa  and  exported  overseas  is  about  the  same  as  the  return  it  gets 
for  centrifugal  sugar  exported  from  Durban  to  be  refined  in  England 
and  Canada,  and  considerably  less  than  it  would  get  for  refined  sugar 
if  exported  to  those  countries. 

The  diminishing  value  of  exported  sugar  is  reflected  in  table  146. 

GOVERNMENT  AID 

Until  1925-26  the  customs  duty  on  sugar  imported  into  the  Union 
of  South  Africa  was  4  shillings  6  pence  ($1.10)  per  100  pounds.  The 
net  protection  was  only  3  shillings  6  pence  (85  cents)  above  the  excise 
tax  of  1  shilling  (24  cents),  and  since  this  proved  insufficient  to  pre- 
vent importations  of  sugar  a  suspended  duty  of  3  shillings  6  pence  (85 
cents)  per  100  pounds  was  imposed  on  condition  that  the  consumers' 
interest  be  safeguarded  and  that  attention  be  given  to  inefficiencies 
in  mechanical  equipment  and  the  system  of  distribution.  The  indus- 
try assumed  an  obligation  to  supply  manufacturers  with  sugar  at 
special  rates  and  to  pay  freight  charges  on  sugar  shipped  from  Dur- 
ban to  Cape  ports.  Under  the  Sugar  Price  Act  the  Government  stip- 
ulated the  maximum  retail  prices  at  which  sugar  could  be  sold  in  the 
five  largest  coastal  towns — Durban,  East  London,  Port  Elizabeth, 
Mossel  Bay,  and  Capetown.  In  1928  sugar  prices  slumped,  and  sugar 
imports  into  the  Union  again  assumed  alarming  proportions.  In 
1930  the  customs  duty  on  import  sugar  was  further  increased  by  4 
shillings  6  pence  ($1.10)  per  100  pounds,  making  a  total  duty  of  12 
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shillings  6  pence  ($3.04)  or  an  effective  duty  of  11  shillings  6  pence 
($2.80)  after  deducting  1  shilling  (24  cents)  excise  tax.  Imports 
were  at  once  checked  (table  147). 

Table  146. — Sugar  and  came:   Values  per  short   ton,   Union  of  South  Africa, 

1927-28  to  1932-33 


Sugar 

price 

Year  milled  (May-January) 

Refined 
sugar 

Refinery  cargo  sugar 

Export 
cargoes 

Export 

Basic 

Bonus 

Final 

quota 

1927-28 - - 

Dollars 
109.83 

Dollars 
82.37 
80.70 
73.45 
71.25 
66.14 
70.94 

Dollars 

2.06 

2.13 

.30 

.02 

.05 

(2) 

Dollars 
84.41 
82.83 
73.78 
71.25 
66.18 
(2) 

Dollars 
62.91 
59.31 
47.45 
37.10 
34.61 
28.11 

Percent 
25 

1928-29                        

107.  60 
97.97 
94.99 
88.18 
95.57 

29 

1929-30 

1930-31 , 

1931-32 

1932-33  L. 

42.6 
49 
50 
51 

Sugar 
price, 
general 

Cane 
sucrose 
content 

Cane  price  per  ton 

Year  milled  (May-January) 

Actual  sucrose  content 

13-per- 

Base 

Bonus 

Total 

cent  cane 

1927-28 

Dollars 
78.85 
76.12 
62.57 
54.52 
50.38 
49.08 

Percent 
13.93 
14.11 
13.24 
13.98 
14.07 
13.65 

Dollars 
4.59 
4.51 
3.61 
3.38 
3.18 

Dollars 
0.09 
.09 
.01 
.01 
.02 
(2) 

Dollars 
4.68 
4.59 
3.61 
3.38 
3.18 
3.02 

Dollars 
4.36 

1928-29 

4  20 

1929-30 

3  56 

1930-31                         

3. 14 

1931-32.                

2.94 

1932-33'... 

2.88 

1  Preliminary. 

3  Data  not  available. 

South  African  Sugar  Journal  (5,  p.  f05).    Values  converted  at  par. 
Table  147. — Sugar:  Customs  duty  and  imports,  Union  of  South  Africa,  1927-32 


Imports 

Calendar 
year 

Imports 

Calendar 
year 

Customs  duty  per 
100  pounds 

Quantity 

Value 
per  ton 
f.  o.  b. 

Customs  duty  per 
100  pounds 

Quantity 

Value 
per  ton 
£.  o.  b. 

1927 

1928 

1929 

Shillings 
8 
8 
8 

Dollars  ■ 
1.95 
1.95 
1.95 

Short  tons 
3,061 
17,958 
19, 821 

Dollars  « 
78.99 
57.83 
58.46 

1930 

1931 

1932 

Shillinqs 

12J^ 
12K2 

Dollars « 
3.04 
3.04 
3.04 

Short  tons 
10, 113 
2,954 
2,824 

Dollars  l 
48.66 
49.67 
76.29 

i  Converted  at  par. 

South  African  Sugar  Journal  (2,  p.  215) . 

Early  in  1932  prices  of  Cuban  sugar  fell  so  low  that  substantial 
shipments  were  again  sent  to  South  Africa.  Cuban -American  no.  1 
refined  could  be  landed  in  the  Union  at  £21  ($102.20)  per  ton  (7 
shillings  6  pence — $1.82 — per  100  pounds  c.  i.  f.  plus  duty,  primage, 
and  landing  charges)  as  compared  with  the  prevailing  wholesale 
price  of  £22  15  shillings  0  pence  ($110.71)  for  local  sugar  of  the  same 
quality  at  coast  ports,     Therefore,  in  July  1932  the  Government 
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granted  a  further  increase  in  customs  duty  of  3  shillings  6  pence 
(85  cents)  per  100  pounds.  To  prevent  any  increase  in  local  prices 
the  Sugar  Price  Act  of  1926  was  amended  by  lowering  the  maximum 
prices  of  no.  1  and  no.  2  sugar  by  one-fourth  penny  (one-half  cent) 
per  pound  to  3%  pence  (7  cents)  for  refined  and  3y2  pence  (6y2 
cents)  for  mill  white  sugar.  In  1931  the  coastal  towns  in  the  Union 
averaged  in  various  months  from  3.36  to  3.55  pence  (6.81  to 
7.20  cents)  per  pound  for  no.  1  sugar,  the  average  for  the  year 
being  3.42  pence  (6.93  cents),  while  for  no.  2  sugar  the  monthly 
averages  during  1931  ranged  from  3  to  3.06  pence  (6.08  to  6.20 
cents),  an  average  of  3.04  pence  (6.16  cents).  The  probable  outcome 
will  be  that  retail  prices  will  rise  to  and  remain  fixed  at  the  newly 
legal  maxima.  If  prices  rise  unwarrantably  the  suspended  duty  of 
3  shillings  6  pence  (85  cents)  per  100  pounds  will  be  withdrawn. 

With  respect  to  the  half  of  the  crop  for  export  there  are  also 
significant  developments.  Early  in  1932  additional  sugar  preference 
was  granted  to  colonial  sugar  by  Great  Britain.  The  duties  on  for- 
eign and  Dominion  sugars  were  left  as  they  were,  while  colonial 
sugar  obtained  an  extra  1  shilling  (24  cents)  preference  plus  a  fur- 
ther 1  shilling  on  a  quantity  of  275,000  tons,  which  is  the  quantity 
the  colonies  normally  send  to  England  and  about  50  percent  of  what 
they  were  expected  to  turn  out  in  1932.  This  275,000  tons  is  known 
as  certified  sugar,  and  it  was  divided  among  the  colonies  in  certain 
fixed  proportions.  The  net  result  was  that  the  duty  on  96°  sugar 
per  112  pounds  was: 

s.      d.       dollars 

Foreign 8     1.6     (1.98) 

Dominion 1    4.  8     (1.07) 

Colonial  ordinary 3     4. 8     (  .83) 

Colonial     certified 2    4.8     (  .  58) 

Dominion  sugar  from  South  Africa  was  given  a  preference  of 
about  3  shillings  9  pence  (91  cents),  while  colonial  sugar  has  a  pref- 
erence of  5  shillings  9  pence  ($1.40)  for  its  normal  export.  The  cer- 
tificate scheme  was  designed  to  discourage  diversion  of  colonial  sugar 
from  the  Canadian  market  to  the  United  Kingdom.  If,  in  1933, 
the  price  of  foreign  sugar  had  exceeded  7  shillings  6  pence  ($1.82) 
c.  i.  f .  the  budget  of  1934  would  have  reduced  the  colonies'  extra  pref- 
erence of  2  shillings  (49  cents)  in  6-penny  stages,  so  that  if  the  price 
had  exceeded  9  shillings  ($2.19)  c.  i.  f.  the  whole  of  the  2  shillings 
would  have  been  taken  off,  and  only  the  basic  (Dominion)  preference 
of  3  shillings  9  pence  (91  cents)  would  have  remained. 

Under  the  terms  of  article  4  of  the  agreement  between  Great 
Britain  and  South  Africa,  as  arranged  at  the  Imperial  Economic 
Conference  in  1932,  the  United  Kingdom  undertakes  that  the  exist- 
ing preferential  margin  on  sugar  shall  not  be  reduced  without  the 
consent  of  the  Government  of  South  Africa. 

South  African  sugar  producers  are  hoping  that  the  imperial  pref- 
erence on  Empire-grown  sugar  will  be  still  further  increased  in  the 
near  future.  The  United  Kingdom  has  appointed  a  royal  commis- 
sion to  investigate  the  whole  question  of  sugar  production  in  the 
Empire  and  the  producers  believe  that  the  findings  of  the  commission 
will  be  favorable  to  sugar  producers  in  the  Union  and  in  other 
portions  of  the  British  Empire. 
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MOZAMBIQUE  (PORTUGUESE  EAST  AFRICA) 

TREND  OF  PRODUCTION 

The  sugar-producing  belt  of  Mozambique  extends  along  the  coast 
from  the  vicinity  of  Lourenco  Marques  to  the  mouth  of  the  Zambesi 
River.  Sugar  is  one  of  the  principal  products  produced  in  the  col- 
ony, ranking  in  importance  with  coconuts,  copra,  sisal,  cotton,  and 
corn.  The  industry  dates  back  to  1893.  The  production  of  sugar 
and  of  other  crops  is  small  in  comparison  with  the  size  and  popula- 
tion of  the  colony.  The  land  area  is  approximately  274,000  square 
miles,  which  is  larger  than  the  State  of  Texas.  Its  population  is 
scarcely  3,000,000,  of  which  only  18,000  are  whites,  including  9,000 
in  the  city  of  Lourenco  Marques,  2,000  in  Beira,  and  7,000  scattered 
throughout  the  colony.  Of  the  remainder,  a  few  are  East  Indians 
and  over  2,500,000  are  natives. 

The  climate  and  soil  are  favorable  to  the  production  of  sugar,  par- 
ticularly near  the  mouth  of  the  Zambesi  River,  where  the  alluvial 
soil  is  very  fertile.  The  average  rainfall  is  43  inches  and  the  aver- 
age temperature  73°  F.,  although  temperatures  as  high  as  115°  are 
occasionally  recorded.  Temperatures  lower  than  60°  are  rare.  The 
most  favorable  areas  for  the  production  of  sugarcane  are  in  the  val- 
leys of  the  Zambesi,  Limpopo,  and  Incomati.  The  chief  difficulty 
lies  in  the  fact  that  the  rainfall  is  irregular  and  comes  almost  entirely 
during  the  summer  months,  so  that  irrigation  must  often  be  used. 

Three  large  companies  and  one  small  company  produce  practically 
all  the  sugar  grown  in  the  colony.  Small  patches  grown  by  natives 
for  chewing  and  for  alcohol  may  be  disregarded.  The  area  devoted 
to  the  crop  in  1929-30  was  69,741  acres  (including  Manica  and  Sofala 
districts)  and  the  production  was  87,937  short  tons  of  which  76,686 
tons  were  exported  (calendar  year  1930).  This  is  to  be  compared 
with  an  average  export  movement  of  only  8,400  tons  during  1910-15 
(table  148). 

Table  148. — Siwar:  Area  and  production,  Mozambique,  1929-30 


Area  of  cane 

Production 

District 

Total 

Cut 

Not  cut 

Cane  cut 

Sugar  produced 

White 

Yellow 

Total 

Manica  and  Sofala 

Acres 

30, 121 

30,  638 

1,539 

7,443 

Acres 

20,176 

20,774 

991 

5,310 

Acres 

9,945 

9,864 

548 

2,133 

Short  tons 

388,293 

372, 862 

7,485 

117, 143 

Short  tons 

23,617 

4,336 

348 

3,253 

Short  tons 

11,390 

35, 469 

205 

9,319 

Short  tons 

35,007 

39, 806 

553 

12,  572 

Inhambane- 

Lourenco  Marques 

Total 

69,  741 

47,  251 

22,490 

885,  783 

31,554 

56,  383 

87, 937 

Colonia  de  Mozambique,  Recenseamento  Agrfcola  (18,  p.  27). 


A  company  has  been  granted  charter  rights  over  the  two  districts 
Manica  and  Sofala,  representing  a  large  area  extending  from  the 
Zambesi  River  southward  to  22°  south  latitude,  embracing  an  area 
with  a  coast  line  300  miles  long  extending  west  to  Southern  Rhodesia 

96389°— 35 20 
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and  with  a  land  area  of  approximately  65,000  square  miles.  Beira 
is  the  principal  port  of  this  chartered  company,  and  the  exports  from 
this  port  and  the  production  of  the  company's  lands  are  recorded 
separately  from  the  statistics  of  the  other  seven  districts  which  com- 
prise the  colony  administered  by  the  colonial  government.  This  is 
the  northern  sugar  area  of  the  colony. 

Keports  issued  by  the  chartered  company  indicate  that  in  1929  there 
were  331  proprietors  established  on  their  land  as  compared  with  a 
maximum  of  378  in  1926  and  298  in  1919.  Agricultural  developments 
date  back  as  far  as  1897,  but  most  of  the  development  has  taken  place 
since  1910.  The  cultivated  area  in  the  territory  of  the  chartered 
company  and  its  distribution  are  shown  in  table  149. 


Table  149. 


-Sugar:  Acreage  of  sugarcane  and  other  crops,  Manim  and  Sofala 
districts,  Mozambique,  1919-29 


Year 

Crop  area 

Sugarcane 

Supplementary  crops 

Corn 

Cotton 

Peanuts 

Beans 

1919 

Acres 
43,000 
50,000 
107,000 
158,000 
156,000 
178,000 
193,000 
187,000 
171,000 
171,000 
163,000 

Acres 

Acres 

Acres 

Acres 

Acres 

1920 

1921 

1922 

1923 

1924                                    --     --- 

1925                   

16,000 
21,000 
24,000 
25,000 
20,000 

60,000 
65,000 
79,000 
70,000 
64,000 

46,000 
27,000 
19,000 
20,000 
24,000 

900 
2,700 
3,300 
3,600 
2,700 

3,100 

1926               

2,000 

1927             . 

2,100 

1928            

3,100 

1929        . 

3,500 

From  official  sources. 


The  average  yields  of  sugar  per  acre  on  the  land  of  the  chartered 
company  from  1925  to  1929,  inclusive,  were :  1.49,  1.32,  1.72,  1.69,  and 
1.72  short  tons. 


METHODS  AND   COSTS   OF  PRODUCTION 


The  cultivation  methods  applying  to  sugarcane  are  similar  to 
those  previously  described  for  Natal  Province  in  the  Union  of  South 
Africa.  The  variety  cultivated  is  the  Uba,  because  of  its  disease 
resistance.  The  cane  joints  are  usually  planted  at  the  beginning  of 
the  rainy  season  (December  to  March)  or  a  little  later  if  it  is  possi- 
ble to  irrigate.  The  cane  joints  are  placed  in  furrows  about  5  feet 
apart.  The  irrigation  water  which  is  pumped  for  the  purpose  is 
applied  in  varying  quantities  depending  upon  the  occurrence  of 
rains. 

In  1928  the  sugar  industry  employed  an  average  of  15,000  native 
women  per  day.  In  the  Zambesi  Valley  the  natives  are  generally 
less  efficient  and  cut  only  2.8  tons  of  cane  per  day  as  compared  with 
4.4  tons  in  the  southern  areas  of  the  colony,  from  which  it  follows 
that  in  the  north  they  are  paid  less  but  more  are  employed.  Native 
wages  in  the  south  of  the  colony  are  about  $3.65  per  month  plus 
food,  housing,  medicine,  and  blankets,  but  less  than  this  is  paid  in 
the  northern  part.  The  use  of  about  180  miles  of  railroads  on  vari- 
ous plantations  saves  considerable  labor.  Horses  cannot  be  used 
because  of  various  diseases  to  which  they  are  susceptible.    Most  of 
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the  animal  labor  is  performed  by  oxen  and  mules,  although  in  regions 
afflicted  with  the  tsetse  fly  cattle  cannot  be  kept  and  donkeys  are 
substituted. 

The  cane  matures  in  18  to  20  months  in  the  southern  areas  near 
Lourenco  Marques,  but  in  less  time  in  the  northern  area  at  the  mouth 
of  the  Zambesi.  The  cane  is  cut  twice  in  each  3-year  period  except 
in  the  north,  where  it  is  cut  at  12-  to  16-month  intervals.  The  crop 
is  usually  harvested  from  May  to  October  during  the  dry  season. 
In  the  Zambesi  Valley  4  or  5  ratoon  crops  are  cut  but  with  diminish- 
ing yields.  In  the  more  fertile  fields  of  the  south,  as  in  the  valley  of 
Incomati,  as  many  as  eight  crops  are  harvested.  Yields  as  high  as 
40  to  45  tons  per  acre  are  sometimes  obtained,  especially  under 
liberal  irrigation.  Yields  in  the  Zambesi  Valley  are  somewhat 
smaller  than  in  the  south ;  but  as  they  decrease  with  age,  many  yields 
of  only  18  tons  are  obtained.  An  average  of  24  tons  is  estimated  by 
a  leading  representative  of  the  trade. 

The  sugar  content  is  relatively  low  for  Uba  variety,  decreasing 
from  13  percent  in  September  or  October  to  9  percent  when  the  tem- 
perature rises  in  the  following  months.  In  the  southern  areas  the 
average  ratio  is  12  tons  of  cane  to  obtain  1  ton  of  sugar  of  96°  purity. 
In  the  Zambesi  Valley  only  10.5  tons  are  necessary  to  yield  a  ton  of 
sugar.  Under  adverse  conditions  less  favorable  results  are  obtained. 
The  cost  of  producing  2,000  pounds  of  sugar  on  one  of  the  largest 
estates  averaged  about  $48  in  1916.  Land  is  cheap.  It  can  be  rented 
from  the  Government  for  22  cents  per  acre.  In  addition,  the  tax 
is  about  as  much  if  the  land  is  cultivated,  but  more  if  uncultivated. 

The  wages  of  native  employees  of  plantation  companies  in  the 
area  of  the  chartered  territorv  were  reduced  in  1932  from  £1  ($4.87) 
to  10  shillings  ($2.43)  per  month. 

METHODS  OF  MARKETING 

As  there  are  no  sugar  refineries  in  the  colony,  sugar  for  domestic 
consumption  is  not  pure  white.  Most  of  the  sugar  is  sent  to  Portugal 
for  refining  and  for  consumption  (table  150).  The  annual  consump- 
tion of  sugar  in  Portugal  is  approximately  100,000  short  tons,  of 
which  a  considerable  portion  is  obtained  from  this  colony  under 
preferential  customs  treatment ;  it  shares  preference  with  Angola  and 
Cape  Verde,  The  production  will  probably  expand  slightly  until 
Portugal's  needs  are  met. 

In  the  colony  the  customs  duty  for  exports  varies  from  4  percent 
when  the  value  of  the  sugar  does  not  exceed  250  gold  francs  per  metric 
ton  to  10  percent  when  the  value  exceeds  750  gold  francs.  Sugar 
importation  is  taxed  0.55  gold  francs  per  kilogram. 

SOUTHERN  RHODESIA 

Southern  Rhodesia  is  not  a  sugar-producing  country.  A  small 
beginning  has  recently  been  made  by  an  estate  located  near  the 
Zambesi  River,  about  15  miles  southwest  of  Victoria  Falls,  where 
a  small  acreage  is  being  grown  and  a  sugar  mill  has  been  established. 
During  1932  the  plant  manufactured  brown  treacle  sugar,  but  it  was 
planned  to  produce  white  sugar  in  1933. 

In  1932  Southern  Rhodesia  imported  8,000  short  tons,  as  compared 
with  8,000  in  1931  and  7,000  in  1930.    Most  of  this  sugar  comes  from 
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Mozambique,  although  a  considerable  quantity  comes  from  the  United 
Kingdom.  In  1931,  500  tons  were  imported  from  the  United  States, 
which  was  several  times  as  much  as  from  the  Union  of  South  Africa. 

Table  150. — Sugar:  Exports  from  Mozambique,  average  1912-16,  1911-21; 

annual  1922-^2 


Calendar  year 

Colony  (excluding  Manica 
and  Sofala) 

Manica  and  Sofala 

Total 

White 

Yellow 

Total 

White 

Yellow 

Total 

White 

Yellow 

Total 

Average: 

1912-16 

Short 
tons 
(0 

Short 
tons 
(0 

Short 
tons 
8,597 
13, 151 
15,  329 
16,011 
19,  985 
22,  550 
34, 182 
37,  438 
40,  052 
55,  300 
45,  778 
53,  373 
53, 871 

Short 
tons 
(2) 

Short 
tons 
(2) 

Short 

tons 

(2) 

Short 
tons 
(2) 

Short 
tons 
(2) 

Short 
tons 

1917-21 

1922 

14,  985 
2,223 
2,233 
4,111 
2,917 
2,292 

11,  954 
7,249 
2,469 

19,  111 

21,  274 

344 
13,  788 

17,  752 

18,  439 

31,  265 
35,  146 
28,  098 
48,  051 
43,  309 
34,  262 

32,  597 

1923 

1924.... 

1925 

1926 

1927. 

1928 

1929 

39,  989 
19,  593 
23,  695 
9,114 

39,  989 
30,  908 
29,937 
16,  332 

7,249 
13,  784 
25,  353 
28,  492 

88, 040 
62,902 
57,  957 
41,  711 

95,  289 

1930     . 

11,315 
6,242 
7,218 

76,686 
83,  310 
70,203 

1931   .. 

1932 

1  Data  not  available  prior  to  1922. 
3  Data  not  available  prior  to  1929. 

Colonia  de  Mozambique,  Estatistica  Comercio  e  Navegacao. 

Southern  Ehodesia  exports  no  sugar  of  its  own  production, 
although  it  forwards  considerable  quantities  to  Northern  Rhodesia. 

Southern  Ehodesia,  owing  to  its  inland  situation,  is  not  likely  to 
produce  an  exportable  surplus  of  sugar,  but  it  may  come  to  supply 
a  large  portion  of  its  domestic  requirements. 

TANGANYIKA 

Sugar  production  in  Tanganyika  is  of  no  commercial  importance. 
The  production  is  centered  in  fcangani  district,  on  the  northeastern 
coast.  In  1930,  the  colony  exported  only  24  short  tons  as  compared 
with  28  tons  in  1929  and  50  tons  in  1928.  Molasses  exports  in  those 
3  years  amounted  to  24,  26,  and  64  short  tons,  respectively.  Sorghum 
is  grown  for  grain  in  the  drier  inland  areas,  but  there  is  no  evidence 
of  the  development  of  a  sugar  industry. 

The  small  quantity  of  the  sugar  produced  is  jaggery,  or  brown 
cake  sugar.  The  price  of  white  sugar  in  Tanganyika  is  high  in  rela- 
tion to  world  prices.  The  colony  is  supplied  with  sugar  from  Kenya 
and  Uganda  (3,546  short  tons  in  1931),  but  the  establishment  of  a 
large  sugar  plantation  and  factory  in  Tanganyika  is  recommended  by 
the  director  of  agriculture,  who  believes  that  there  is  ample  scope  for 
the  development  of  sugar  production  in  the  future  should  it  be  found 
necessary  to  support  other  industries.  There  were  five  small  factories 
in  the  Territory  in  1933. 

KENYA 

TREND   OF   PRODUCTION 

Five  sugar  mills  are  operating  in  Kenya,  1  at  sea  level,  1  at  an 
elevation  of  5,600  feet  (these  2  established  in  1929),  and  2  others 
previously  established  at  4,000  feet  elevation,    Three  of  the  largest 
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factories  are  capable  of  producing  between  9,000  and  10,000  tons  each 
and  the  others  about  2,000  tons  each.  This  is  far  in  excess  of  actual 
production.  There  is  no  sugar  refinery  in  the  country,  but  one  of  the 
largest  factories  has  been  considering  the  introduction  of  a  refinery 
process.  There  were  only  12.363  acres  of  sugarcane  on  farms  of 
Europeans  in  the  colony  in  February  1932.  against  13,493  acres  in 
the  previous  year  (table  151).  The  1932  European-owned  acreage 
was  distributed  as  follows:  Aore8 

Kisumu-Londiani  (Lake  Victoria) 7,456 

Kiambu  (central) 3,327 

Digo   (near  Mombasa) 1,200 

Other 380 

In  addition,  East  Indians  grew  4,470  acres  in  the  Lake  Victoria  area, 
making  a  total  of  16,833  acres.  This  does  not  include  production  by 
natives  for  their  own  use  (chewing  and  drinking)  estimated  in  1930 
to  be  21,870  acres  (chiefly  near  Nairobi)  producing  178,000  short  tons 
of  cane  or  8.14  tons  per  acre.  The  production  of  sugar  per  acre  of 
cane  from  European  and  Indian  acreage  is  less  than  half  of  the 
average  obtained  in  the  Union  of  South  Africa.  A  small  part  of  the 
Indian-grown  cane  is  retained  locally  for  making  jaggery. 

Table  151. — Sugar  and  sugarcane:  Acreage  and  production  in  Kenya, 

1925  to  193 h 


Census  date 


Cane  acreage  owned  by- 


Euro- 
peans 


Indians 


Planted 


Cut 


Cane  harvested 
by  Indians 


Total 


Per  acre 


Total  sugar  pro- 
duction 


Raw 


Crystal- 


1925  (June) 

1926  (July) 

1927  (July) 

1928  (July) 

1929  (July) 

1930  (July) 

1931  (February) 

1932  (February) 

1933  (February) 

1934  (February) 


Acres 
6,556 
6,747 
6,811 
9,403 
11,161 
11,870 
13,  493 
'  12,  363 
12,  088 
12,704 


Acres 


Acres 


Short  tons 


Short  tons 


Short 


2  3,  693 
2  8,820 
8,395 
» 9. 120 
2  4,  470 
2  4,  274 
2  4,884 


2  3,  325 
1,436 

2  4,200 

2  1,913 
2  725 

2  1,260 


2  32,256 
2  44,688 

27,665 
2  47.  025 
2  15,299 

2  6,915 
2  15,002 


2  13.4 
19.3 

211.2 

2  8.0 
2  9.5 

2  11.9 


tons 
206 
56 
113 
107 
142 


Short  tons 
3,238 
4,577 
9,953 
7,114 
6,890 
7.455 
10,  182 
*  5,  863 
5,953 
6,377 


1  Kibos-Miwani  area,  near  Lake  Victoria. 

2  Incomplete,  principal  area  only. 

3  Of  which  6,054  acres  were  cut,  yielding  98,911  tons  of  cane,  an  average  of  only  16.34  tons  per  acre. 
*  Reduction  mainly  the  result  of  locust  depredation. 

Kenya  Colony  census  reports.    Statistics  are  for  12  months  preceding  census  date. 

Locusts  on  the  highlands  of  Kenya  have  constituted  one  of  the 
most  serious  obstacles;  they  eat  off  leaves  so  continuously  that  the 
young  ratoon  crops  die.  Liberal  appropriations  by  the  Govern- 
ment for  eradication  have  proved  insufficient  to  make  an  impression. 

The  production  of  crystallized  sugar  was  only  5,863  short  tons  in 
1931-32,  against  10,182  short  tons  in  the  previous  year.  However, 
the  quantity  of  crystallized  sugar  exported  from  the  colony  in  1931 
was  1,197  short  tons,  against  842  tons  in  1930.  Imports  into  the 
colony  were  only  350  short  tons  in  1931,  against  1,940  tons  in  1930. 
The  apparent  decrease  in  domestic  consumption  is  accounted  for  by 
increased  supplies  obtained  from  Uganda.  Production,  aided  by 
the  high  protective  tariff  and  its  price-fixing  association,  may  be  ex- 
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pected  to  displace  imports,  but  the  distance  from  the  coast  of  all  but 
the  small  acreages  near  Mombasa  will  operate  against  extensive 
expansion,  especially  in  the  areas  that  are  now  most  important. 

METHODS  AND  COSTS  OF  PRODUCTION 

The  crushing  season  in  Kenya  is  unusually  long.  It  begins  in  July 
and  ends  in  March  or  April. 

There  is  no  sugar  experiment  station  in  Kenya,  the  nearest  being 
at  Imani  in  Tanganyika,  but  the  division  of  plant  industry  issues 
improved  cane  varieties  from  its  quarantine  station. 

The  growing  of  any  variety  of  sugarcane  other  than  Uba  was 
prohibited  in  1928  in  the  vicinity  of  Kisumu,  near  Lake  Victoria,  on 
account  of  the  presence  of  mosaic  disease,  but  this  prohibition  was 
annulled  in  1931.  Since  then,  improved  varieties  of  Java  cane  such 
as  P.  O.  J.  2725,  2727,  2878,  2714,  and  2722  have  been  issued  to 
growers. 

Millers  grow  most  of  their  own  cane,  but  in  some  cases  they  buy 
as  much  as  50  percent  of  their  cane,  usually  from  Indian  growers. 
Cane  is  bought  at  a  flat  rate  of  10  shillings  ($2.43  at  par)  per  ton 
with  free  transport.  Most  of  the  Indian  growers  have  from  50  to 
100  acres  or  less,  although  1  or  2  have  700  or  800  acres.  The  Indian 
farming  community  in  the  Kibos-Miwani  area,  near  Lake  Victoria, 
grew  4,470  acres  of  sugarcane  in  1931,  as  compared  with  9,120  acres 
in  1930. 

The  10  shillings  ($2.43)  price  in  Kenya  compares  favorably  with 
the  12  shillings  ($2.92)  price  in  the  Union  of  South  Africa  when  con- 
sideration is  given  to  the  fact  that  a  bonus  of  6  pence  (12  cents)  per 
ton  is  paid  for  every  pound  sterling  which  sugar  realizes  over  £20. 
Thus,  when  sugar  is  £24  ($116.80)  per  ton,  the  price  for  cane  is  12 
shillings  ($2.92).  In  addition,  railage  is  paid  in  all  cases,  and  labor 
is  much  cheaper. 

Ordinary  cane  cutters  receive  12  shillings  ($2.92)  per  month  plus 
rations  for  allotted  tasks  but  receive  a  bonus  of  6  pence  (12  cents) 
per  day  for  cutting  and  loading  30  hundredweight  of  cane  and  1 
shilling  (24  cents)  bonus  per  day  for  cutting  and  loading  3  tons. 
Very  few  of  them  cut  and  load  3  tons  per  day.  Kations  cost  ap- 
proximately 8  shillings  ($1.95)  per  month,  making  the  total  cost  of 
native  labor  average  £1  ($4.87)  per  month.  Natives  are  usually 
steady  workers  and  some  have  been  cutting  cane  for  7  or  8  years. 
Malaria  is  prevalent  among  Europeans  but  not  among  the  natives. 

Not  a  great  deal  of  suitable  land  is  available  for  growing  cane, 
and  good  cane  land  is  relatively  high  in  price.  The  average  price 
of  virgin  land  suitable  for  cane  is  about  £3  ($14.60)  per  acre.  A 
well-established  farm  of  364  acres  with  about  300  acres  under  cane 
was  recently  sold  for  £4,000  ($19,466).  Very  little  sugar  land  is 
irrigated,  but  irrigation  is  successful  where  tried. 

METHODS   OF  MARKETING 

Control  of  the  sale  of  sugar  is  vested  in  the  East  African  Sugar 
Manufacturers'  Association.  The  secretary  is  also  the  manager  of 
one  of  the  large  companies  which  is  an  amalgamation  of  all  of  the 
larger  manufacturers,  with  one  exception,  in  Kenya  and  Uganda, 
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Local  consumption  is  small,  and  a  small  quantity  was  exported  over- 
seas for  the  first  time  in  1932.  Considerable  quantities  are  supplied 
to  Tanganyika  (table  152). 

Table  152. — Sugar,  raw  and  crystallized:  Imports  and  exports,  Kenya,  1925-33 


Imports 

Exports 

Calendar  year 

Quantity 

Value 

Total 

To  Uganda  • 

Quantity 

Value 

Quantity 

Value 

1924 » 

Short  tons 

Dollars 

Short  tons 

3  51 

Dollars 
3  9,003 

Short  tons 

Dollars 

1925 

1,521 

153, 173 

19252 

*525 

1,249 

1,418 

669 

876 

878 

1,216 

898 

4,628 

*  65, 810 
143, 820 
180,  314 

93,  719 
124, 110 

96,  838 
121,  321 

87,008 
325,  875 

1926 

1,096 

536 

4,389 

2,695 

1,940 

.    356 

248 

143 

98,620 

51, 473 

326, 172 

188,037 

114,  411 

29.919 

20,352 

11,626 

1927 

795 
620 
1,061 
435 
128 
2 
149 

107, 822 

1928 

74,701 

1929 

130,831 

1930. 

46,100 

1931... 

11,  976 

1932 

175 

1933 

6,701 

1  Exports  of  Uganda  produce  via  Kenya  are  reported  only  on  final  exportation  from  Mombasa;  conse- 
quently no  details  are  available  in  respect  to  goods  consumed  in  Kenya,  but  the  value  of  such  produce  is 
small. 

3  Exported  from  Mombasa,  year  beginning  July  1. 

3  Including  10  tons  of  raw  sugar,  value  $608. 

*  Including  19  tons  of  raw  sugar,  value  $1,290. 

Kenya  Colony  census  reports.    Converted  at  par  of  exchange. 

As  in  the  Union,  the  Kenya  sugar  industry  is  given  protection  by 
the  Government  on  condition  that  the  price  of  sugar  for  direct  con- 
sumption shall  not  exceed  a  certain  figure. 


UGANDA 


TREND   OF   PRODUCTION 


There  are  two  sugar  estates  producing  and  manufacturing  sugar 
in  Uganda  north  of  Lake  Victoria,  one  at  Lugazi  in  Mengo  district 
and  one  at  Kakira  in  Busoga  district.  The  total  acreage  under  cane 
at  these  two  estates  in  1931  was  8,440  acres,  as  against  6,700  acres  in 
1930.  Production  estimates  are  not  given.  The  entire  production 
of  sugar  is  consumed  in  Uganda  and  other  east  African  territories. 

There  were,  in  addition,  4,681  acres  of  sugarcane  grown  by  natives 
and  8,565  acres  grown  by  Asiatics  during  1931,  distributed  geo- 
graphically as  shown  in  table  153. 

METHODS  OF  PRODUCTION  AND  MARKETING 

The  sugar  industry  in  Uganda  is  closely  related  to  that  of  Kenya, 
and  the  mills  are  amalgamated  with  those  of  Kenya  into  one  asso- 
ciation. Exports  are  small  but  increasing  (table  154) .  Most  of  the 
exports  go  to  Tanganyika. 

New  varieties  of  sugarcane  must  be  introduced  through  the  Gov- 
ernment quarantine  station  and  must  be  resistant  to  mosaic  disease. 

East  Africa  experiences  the  unusual  difficulty  of  loss  of  cane  by 
locusts.  Very  young  cane  that  has  been  eaten  off  more  than  three 
times  must  be  plowed  and  replanted.  Cane  frequently  attacked  by 
locusts  loses  up  to  half  of  its  sucrose  condition  on  maturing. 
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Table  153. — Sugar:  Distribution  of  cane  acreage  in   Uganda,  1931 


District 

Native 
grown 

Grown  by 
Asiatics 

District 

Native 
grown 

Grown  by 

Asiatics 

Buganda  Province: 

Mengo.   .-  .-  

Acres 

1,500 

1,800 

100 

300 

Acres 
5,590 

Northern  Province: 
Bunyoro.    . 

Acres 
75 
100 

Acres 

Entebbe 

West  Nile 

125 

Total 

Mybende 

175 

Western  Province: 
Toro 

Total- 

3,700 

5,715 

120 
6 
25 

Eastern  Province: 

230 
50 
40 

325 
10 

655 

2,850 

Busoga 

Kigeze. 

Total 

Bugwere..  --. 

151 

Grand  total  .-. . 

Teso ".' 

4,681 

8,565 

Total- 

2,850 

Uganda  Department  of  Agriculture  (41,  Rept.  1931,  p.  29). 

Table  154. — Sugar:  Exports  from  Uganda,  1926-31 


Year 

Jaggery  unrefined 
sugar 

Refined  sugar 

Year 

Jaggery  unrefined 
sugar 

Refined  sugar 

Quan- 
tity 

Value 

Quan- 
tity 

Value 

Quan- 
tity 

Value 

Quan- 
tity 

Value 

1926 

Short 

tons 
15 
25 

7 

Dollars  1 

1,046 

2,068 

633 

Short 

tons 
71 
569 
154 

Dollars ' 

7,782 

79,  669 

21,  578 

1929 

Short 
tons 

6 
11 

5 

Dollars  • 
501 
818 
258 

Short 

tons 
240 
373 
2,519 

Dollars^ 
34,  411 

1927 

1930 

42, 426 

1928 

1931 

226,  662 

1  Converted  at  par  of  exchange. 

Uganda  Department  of  Agriculture  (41,  Rept.  1931,  p.  32). 

An  excise  duty  of  1  shilling  (24  cents  at  par)  per  112  pounds  is 
levied  on  sugar,  excluding  jaggery  (unrefined  sugar)  as  from  Janu- 
ary 1,  1932. 

CORN 

INTERNATIONAL  SIGNIFICANCE 

The  production  of  corn  in  the  13  south  and  east  African  countries 
extending  from  the  Union  of  South  Africa  north  to  the  Equator,  is 
about  125,000,000  bushels  per  year  (table  155).  This  is  only  about  3 
percent  of  the  total  world  corn  production,  but  it  is  a  fairly  high 
proportion  of  the  corn  produced  outside  of  the  United  States,  and  is 
exceeded  only  by  production  in  Argentina,  Brazil,  the  Danube  Basin, 
and  Russia.  A  relatively  high  proportion  of  the  south  African 
production  is  exported. 

Corn  production  is  centered  chiefly  on  the  high  plateau  in  those 
areas  in  which  rainfall  is  25  to  40  inches  per  year,  most  of  it  falling 
during  the  summer  months,  October  to  April  (fig.  71).  In  the  drier 
areas  kafir  is  more  important.  Corn  is  grown  to  some  extent  in  each 
of  the  south  and  east  African  countries.  It  is  grown  by  the  natives 
primarily  for  their  own  consumption.     Corn  is  grown  for  export 
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W^ 


Corn:  Production 

in  south  and  east 

african  countries 

1929-30 


£ach  dot  represents 
1,000.000  bushels 


Figure  71. — Corn  is  widely  grown  for  local  consumption  as  food.     Corn  exports  from  the 
Union  of  South  Africa  and  Southern  Rhodesia  are  important. 

Table  155. — Corn:  Production  and  tr%de  in  south   and   east  Africa,   1929-30 

and  1930 


Production  1929-30 

Trade 

,  1930  i 

Country 

By  Euro- 
peans 

By  natives 

Total 

Exports 

Imports 

Union  of  South  Africa 

1,000 
bushels 
61,  621 
6,845 

1,000 

bushels 

18,296 

2,708 

1,910 

98 

<400 

«  1,300 

<  11,000 

*3,000 

U8.000 

'5,000 

6,276 

4,952 

700 

1,000 

bushels 

»  79, 917 

9,553 

1,910 

230 

400 

1,356 

11,720 

3,059 

19,  612 

5,500 

6,276 

11,587 

700 

1,000 
bushels 
125,368 
3,308 
22 
(3) 

3 

1,000 
bushels 

Southern  Rhodesia 

60 

Basutoland ,_ 

219 

Swaziland. 

132 

(3) 

81 

Bechuanaland .„.   ...  . 

South- West  Africa „ 

56 

720 

59 

1,612 

500 

(3) 

6,635 

286 

Northern  Rhodesia. .  

693 

Nyasaland 

Mozambique5         _.- 

6 

«1,400 

2,850 

9 

4,609 

4 

1 
34 

Angola  7  (approximate) 

Tanganyika ..  .  .. 

8  115 

Kenya . 

Uganda 

94 

Total.. 

78, 180 

73,  640 

151, 820 

37,  579 

1,583 

1  Calendar  year.    Corn,  56  pounds  per  bushel,  plus  corn  meal,  49  pounds  per  bushel;  but  omitted  are 
hominy  chop,  crushed  corn,  corn  grits,  corn  germ  meal,  and  corn  feed. 

2  An  unusually  good  year;  average  production  during  5  years  1926-30  was  63,900,000  bushels,  and  average 
exports  16,500,000  bushels;  production  in  1932-33  was  only  29,789,285  bushels,  and  exports  were  very  small. 

3  Not  reported  but  insignificant. 

*  Estimates  based  upon  native  population  and  diet. 
8  Portuguese  East  Africa. 

6  Approximate. 

7  Portuguese  West  Africa. 
s  1931. 

From  official  sources. 
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chiefly  by  European  growers  in  areas  in  which  yields  are  reasonably 
high  and  the  cost  of  shipment  to  the  seacoast  is  relatively  low. 
Various  limitations  such  as  drought,  poor  soil,  locusts,  and  low  mar- 
ket returns  will  prevent  a  major  expansion  of  corn  production  in 
these  countries. 

About  20  to  30  percent  of  the  corn  production  of  the  Union  is  pro- 
duced by  natives.  This  is  to  be  compared  with  50  percent  in  South- 
ern Ehodesia  and  Swaziland,  40  percent  in  Kenya,  and  nearly  100 
percent  in  other  south  and  east  African  producing  countries. 

Exports  of  corn  from  south  and  east  African  countries  amount  to 
about  25,000,000  bushels  per  year,  of  which  the  Union  of  South 
Africa  exports  about  15,000,000  bushels,  Southern  Rhodesia  and 
Kenya  3,000,000  to  4,000,000  bushels  each,  and  the  two  Portuguese 
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figure  72,— Production  and  exports  of  corn,  union  of  south  Africa 

1917-34. 
Corn  production  and  exports  fluctuate  violently  because  of  the  unreliability  of  rainfall. 

territories  about  4,000,000.  Northern  Rhodesia  and  South-West 
Africa  import  from  500,000  to  1,000,000  bushels  for  consumption  at 
the  mines. 

UNION  OF  SOUTH  AFRICA 


TREND   OF  PRODUCTION 

More  than  half  the  corn  produced  in  these  13  countries  is  produced 
in  the  Union  of  South  Africa.  Production  there  increased  materially 
during  the  first  quarter  of  the  century,  but  no  subsequent  increase 
has  occurred.  Between  1911  and  1922  production  increased  irregu- 
larly from  30,000,000  to  50,000,000  bushels;  since  that  time  it  has 
ranged  between  30,000,000  and  87,000,000  bushels  (fig.  72).  The 
harvest  of  1933  was  only  30,000,000  bushels  from  almost  the  same 
acreage  which  produced  80,000,000  bushels  in  1930.  Yields  are  espe- 
cially erratic  because  of  drought  and  insects,  -but  in  none  of  the  last 
12  years  have  yields  averaged  more  than  12.8  bushels  per  acre  on 
farms  owned  by  Europeans  and  in  1933  the  yield  was  only  3.5  bushels. 
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Only  about  5  percent  of  the  land  in  the  Union  is  used  for  growing 
crops,  chiefly  corn.  The  total  acreage  of  corn  in  the  Union  is  ap- 
proximately 9.250,000  acres,  of  which  slightly  more  than  6,000,000 
acres  are  grown  bv  Europeans  and  the  remainder  by  natives  (table 
156). 


Table  156. 


-Corn:  Acreage  and  production  in  the  Union  of  South  Africa,  aver- 
age 1910-15  and  1915-20,  annual  1921-34 


Total  pro- 
duction 

Produced  by- 

Year  ended  June  30 

Europeans 

Natives 

Acreage  l 

Production  * 

Yield 
per  acre 

Produc- 
tions 

Average: 

1910-11  to  1914-15 

Bushels 
34,  838,  404 
42,  385,  693 
47,  668,  696 
47,  958,  071 
70,  556,  734 
40, 122,  666 
86,  735,  224 
38,  984, 103 
65, 177, 125 

68,  495,  294 
66,  726,  056 
79,  916,  667 
57, 148,  5C0 
67, 951,  380 
29,  789,  285 

69,  471,  000 

Acres 

Bushels 

Bushels 

Bushels 

1915-16  to  1919-20 

1920-21     - 

3, 814,  737 
4,  598,  683 

4,  608,  626 

3,  694,  264 

5,  332,  821 

4,  044, 124 
5, 191,  602 

4,  735,  718 

5,  370,  079 
6, 198, 110 

5,  369,  662 

6,  025,  789 
6,  074,  470 

1921-22.    .   . 

31, 127, 418 
50,  604,  734 

26,  207,  666 
68, 153,  224 

27,  444,  382 
49, 895,  637 
53, 818, 346 
49, 537, 995 
61,  620,  667 
45, 178,  350 
54,  692,  4C0 
21,  357, 142 
52,  200,  000 

6.8 

11.0 

7.1 

12.8 

6.8 

9.6 

11.4 

9.2 

9.9 

8.4 

9.1 

3.5 

16,830,653 

1922-23-    

19, 952, 000 

1923-24.    

13, 915, 000 

1924-25 

18,  582,  000 

1925-26 

11,539,721 

1926-27 

15, 281, 488 

1927-28 

14, 676, 948 

1928-29--. 

17, 188,  061 

1929-30 

18,  296,  000 

1930-31.    

11,970,210 

1931-32.    

13,  258, 980 

1932-33- 

8, 432, 143 

1933-34 

17,  271,  000 

1  Harvested  acreage. 

2  Production  on  European-occupied  farms,  including  natives  living  on  such  farms,  was,  in  1903-4, 
12,898,554  bushels;  in  1918-19,  30,954,000  bushels;  in  1919-20,  33,447,616  bushels. 

3  Includes  production  by  natives  on  European-occupied  farms  as  well  as  production  by  natives  living 
on  reserves.  The  former  has  averaged  about  5,000,000  bushels  per  year  between  1921-22  and  1929-30. 
The  latter  was,  in  1917-18, 10,455,000  bushels,  and  in  1920-21,  12,763,000  bushels.  • 


Official  sources. 


METHODS  AND  COST  OF  PRODUCTION 


The  arid  character  of  the  country  operates  against  any  broad 
expansion  of  the  corn-growing  area  (fig.  73).  Nearly  all  the  com- 
mercial production  is  centered  in  a  relatively  small  area  where  the 
rainfall  is  20  to  30  inches  per  year,  most  of  it  falling  during  the 
summer  months  (October  to  March).  Moisture  conservation  is  a 
primary  consideration  in  production  of  corn  in  the  Union  (fig.  74). 
The  winter  months,  April  to  September,  are  almost  rainless.  Plow- 
ing and  planting  occur  during  October  and  November,  during  which 
months  rainfall  is  normally  2  to  4  inches  per  month.  Cultivation 
and  hoeing  are  done  during  December  and  January,  which  are  the 
rainiest  months,  averaging  4  or  5  inches  per  month.  Corn  is  har- 
vested during  April,  May,  and  June.  The  principal  exporting 
months  are  August  to  November.  The  corn  is  customarily  picked  in 
the  field,  and  the  standing  stalks  are  then  grazed  by  cattle. 

An  official  study  of  corn-production  costs  during  1928,  1929,  and 
1930  revealed  a  cost  per  acre  of  about  $7.  As  yields  on  these  farms 
averaged  about  13  bushels  per  acre,  the  cost  per  bushel  averaged 
about  53  cents.  This  was  well  below  the  average  price  received  at 
that  time,  which  was  87  cents  per  bushel.  Subsequently,  however, 
prices  fell  considerably  below  the  average  production  cost. 
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Figure  73. — The  principal  corn  area  lies  in  a  triangle  north  of  Basutoland.     The  native- 
groAvn  area,  important  along  the  east  coast,  is  estimated  from  production. 


Figure  74.— Corn  injured  by  drought  in  Orange  Free  State,  February  16,  1933.     Drought 
is  always  a  factor  limiting  production. 
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Several  factors  contribute  to  the  low  acre  cost  of  growing  corn  in 
this  area.  The  farms  are  large,  land  values  are  low,  labor  is  inex- 
pensive, and  there  is  considerable  diversification  of  enterprises.  In 
the  investigation  mentioned  the  average  farm  contained  1,864  acres 
valued  at  $1.84  per  acre,  and  the  average  acreage  of  corn  was  403  acres 
per  farm.  Oxen  are  used  in  place  of  horses  or  tractors.  The  cost  of 
this  labor  is  very  low  because  ample  grazing  is  available  and  the  oxen 
are  fattened  and  sold  for  slaughter  at  an  increase  in  value.  Native 
laborers  are  paid  only  $5  to  $10  per  month,  and  a  considerable  number 
work  for  no  wages  other  than  the  right  to  live  and  graze  their  live- 
stock on  the  European  owner's  farm.  In  some  localities  natives  are 
paid  $1  to  $1.25  per  100  bags  (357  bushels)  for  picking  corn. 


Figure  75. — Bags   of  corn   awaiting  shipment   in   Orange   Free   State,   October  29,   1932. 
Dry  weather  from  May  to  October  permits  storage  in  the  open. 

Some  of  the  corn  grown  by  natives  residing  on  farms  occupied  by 
Europeans  or  in  the  native  reserves  enters  commercial  channels.  The 
methods  used  by  these  natives  are  very  crude;  the  average  yield  is 
only  about  two-thirds  as  much  as  that  obtained  by  European  farmers. 

METHODS  AND  COSTS  OF  MARKETING 

Corn  is  usually  marketed  in  bags  weighing  200  pounds,  although  an 
increasing  quantity  is  now  being  marketed  in  bulk  (fig.  75).  Grain 
is  usually  handled  through  Government-owned  elevators  but  is  either 
sold  through  cooperative  associations  or  through  private  dealers.  In 
1927-28  cooperatives  marketed  about  6  percent  of  the  total  corn  pro- 
duction of  the  Union.  Corn  for  local  consumption  is  commonly  han- 
dled by  local  storekeepers  or  sold  by  the  local  municipal  markets. 

All  corn  and  corn  products  for  export  are  graded  by  Government 
graders.  There  are  8  grades  of  corn  in  the  Government  standards, 
of  which  no.  2  (Flat  White,  a  dent  type)  and  no.  6  (Kound  Yellow, 
a  flint  type)  are  the  most  important.  The  white-dent  varieties  are 
preferred  except  in  the  drier  or  colder  areas  (table  157). 
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Table  157. — Corn:  Quantity  of  each  grade  exported  from  the  Union  of  South 
Africa,  1930-31  to  1932-33 


Variety  and  grade 

Year  ended  June  30 

1930-31 

1931-32 

1932-33 

Dent  varieties: 

Flat  white,  grade  1 3 .  

1,000  bu.1 

1,000  buA 

1,000  bu.1 

(2) 

Flat  white,  grade  2 3 . 

8,075 
2,784 
1,841 

489 
5,312 

112 
653 

1,571 

842 

1,211 

38 
4,330 

12 
82 

1,819 
1,905 
1,349 

Flat  white,  grade  3 3 

Flat  yellow,  grade  4 . 

Flint  varieties : 

Round  white,  grade  5 _  

697 

Round  yellow,  grade  fl ._.  . 

5,808 
33 

Miscellaneous: 

Mixed,  grade  7 . __    .. 

Undergrade,  grade  8 

37 

Total 

19,  266 

8,086 

11,648 

:3.57  bushels  per  bag. 

:Only  4  bushels. 

^Defective  and  off-colored  kernels  not  more  than  1,  8,  or  13  percent  for  grades  1,  2,  and  3,  respectively 
(grade  1  specified  1  percent  prior  to  July  1932) ;  9  percent  for  other  grades  except  mixed  (10  percent  defective) 
and  no  grade  (40  percent  defective).  All  but  the  last  grade  must  be  sound,  dry,  and  reasonably  clean. 
Grade  1  must  be  large  kernels  of  Hickory  King  type  and  the  8-percent  tolerance  must  include  foreign 
matter. 

"DeDartment  of  Railways  and  Harbors. 

The  freight  rate  on  corn  exported  to  Europe  by  ships  of  the  South 
African  Conference  Lines  is  17  shillings  6  pence  ($4.26  gold  basis) 
per  2,000  pounds.  This  is  equivalent  to  11.9  cents  per  bushel.  Corn 
exporters  charge  about  30  cents  per  bushel  for  railage  to  the  port, 
ocean  freight,  and  commission. 

EXPORTS 

Prior  to  1900  corn  production  did  not  meet  local  requirements,  but 
since  1910  corn  exports  have  gained  increasing  importance.  During 
four  successive  5-year  periods  since  1910-11  annual  exports  of  corn 
(in  millions  of  bushels)  increased  as  follows :  3.6,  6.2,  15.2,  and  13.9. 
Production  increased  even  more  rapidly,  so  that  apparent  consump- 
tion (in  millions  of  bushels)  increased  as  follows:  31.4,  36.4,  43.6, 
and  50.3.  Of  the  apparent  consumption,  a  part  has  also  been  ex- 
ported as  corn  meal :  0.1,  2.4,  2.9,  and  2.6  millions  of  bushels  (corn 
equivalent),  respectively.  Annual  exports  vary  radically  owing  to 
erratic  yields,  but  in  recent  years  they  have  been  approximately  15,- 
000,000  bushels  per  year.  This  is  more  than  those  from  the  United 
States  during  recent  years,  about  40  percent  as  much  as  exports  of 
Danubian  countries,  but  only  about  8  percent  as  much  as  those  from 
the  Argentine.  Exports  of  corn  are  more  likely  to  be  reduced  than 
expanded  in  the  coming  years  because  of  a  probable  increase  in  the 
feeding  of  livestock  for  the  meat-export  trade. 

Recently  there  has  been  increased  interest  in  the  manufacture  of 
fuel  alcohol  from  corn.  A  factory  for  this  purpose  was  in  process 
of  construction  in  1933.  It  is  possible  that  the  Government  will  al- 
low alcohol  manufacturers  to  buy  corn  at  the  export  price.  Since 
the  consumption  of  gasoline  in  the  Union  is  about  60,000,000  Impe- 
rial gallons  per  year  and  since  the  percentage  of  alcohol  in  the  fuel 
mixture  may  run  as  high  as  20  percent  there  is  a  possibility  that  corn 
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exports  and  gasoline  imports  will  be  considerably  curtailed.  It  is 
estimated  that  1  bushel  of  corn  will  produce  slightly  more  than  2 
gallons  of  fuel  alcohol. 

Domestic  consumption,  especially  among  the  natives,  absorbs  a 
large  part  of  the  annual  crop.  From  25  to  50  percent  of  the  produc- 
tion is  ground  into  corn  meal  by  commercial  mills  in  the  Union  and 
relatively  little  of  this  is  exported.  The  quantity  of  corn  meal  and 
other  corn  products  exported  during  recent  years  has  been  equivalent 
to  about  4,000,000  or  5,000,000  bushels  of  corn. 

Most  of  the  exports  of  corn  were  sent  to  the  United  Kingdom  dur- 
ing 1929  and  1930,  but  in  the  following  2  years  most  of  the  exports 
were  sent  to  Canada.  Other  important  destinations  were  France, 
Germany,  the  Netherlands,  Belgium,  and  Denmark.  In  1930  small 
quantities  were  exported  to  the  United  States  and  to  Mexico. 

Most  of  the  corn  is  exported  from  August  to  December.  Exports 
of  corn  products  are  more  constant  from  month  to  month. 

PRICES 

Between  1911  and  1916  wholesale  prices  of  flat  white  corn  in  South 
Africa  averaged,  in  different  years,  from  $0.54  to  $1.18  per  bushel. 
Between  1916  and  1929  the  annual  average  price  was  never  below  $1 
per  bushel,  except  in  1921  and  1922,  and  it  was  as  high  as  $1.91  per 
bushel  in  1930.  This  period  of  high  prices  was  associated  with  acre- 
age expansion.  During  1930  to  1933  prices  fell,  reaching  a  level  of 
less  than  30  cents  per  bushel  (gold  basis)  in  January  1933. 

Prior  to  1931  the  price  level  in  South  Africa  was  determined  by 
the  prices  that  could  be  obtained  for  the  exported  portion  of  the 
crop.  Since  that  time  the  Government,  by  legislation,  has  made  it 
possible  to  obtain  a  higher  price  for  that  which  is  sold  in  the  Union 
than  for  the  exported  portion.  In  July  1931,  flat  white  corn  no.  2 
grade  sold  for  55  cents  per  bushel  on  overseas  markets,  while  the 
average  wholesale  price  for  this  grade  in  the  Union  was  72  cents  per 
bushel. 

AGRICULTURAL   LEGISLATION 

Prior  to  1931,  corn  growers  in  the  Union  received  no  special  assist- 
ance from  the  Government,  but  following  the  severe  reduction  in 
the  price  obtainable  for  export  corn  during  1930  and  1931,  a  special 
type  of  legislation  was  enacted  to  enable  growers  to  obtain  a  higher 
price  for  corn  consumed  in  the  Union  than  was  obtainable  for  the 
exported  portion  of  the  crop.  This  legislation  is  likely  to  be  per- 
manent since  the  political  tone  of  the  country  is  essentially  agricul- 
tural. The  policy  now  in  effect  increases  the  cost  of  feeding  livestock, 
but  this  enterprise  is  of  minor  importance.  It  also  increases  the  cost 
of  corn  bought  by  the  mining  companies  as  rations  for  their  laborers, 
but,  under  present  conditions,  the  mines  are  considered  to  be  in  a 
favorable  position  to  meet  this  increased  cost. 

The  Mealie  (corn)  Control  Act  came  into  effect  in  June  1931.  It 
authorized  the  ministry  of  agriculture  to  prohibit,  control,  or  regu- 
late the  importation  into  the  Union  of  corn  or  corn  products  and 
provided  for  the  compulsory  exportation  of  certain  specified  quanti- 
ties of  corn.     During  the  first  year  of  operation  33%  percent  of  the 
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purchases  were  required  to  be  exported.  During  the  second  year  the 
quota  was  fixed  at  50  percent.  During  the  third  year,  because  of 
near  failure  of  the  crop,  no  quota  percentage  was  fixed.  The  1934-35 
quota  percentage  has  been  established  as  50  percent. 

The  law  worked  badly  for  the  cooperatives  during  1931,  for  while 
it  raised  domestic  prices  it  was  evaded  by  some  dealers,  and  the  co- 
operatives were  left  with  a  large  carry-over  of  cheap  corn.  The  law 
was  strengthened  in  1932  to  overcome  this  difficulty. 

The  ministry  of  agriculture  designates  the  export-quota  percentage 
before  August  31  each  year.  The  percentage  figure  is  derived  by 
dividing  the  estimated  exportable  surplus  for  the  season  by  the  esti- 
mated total  quantity  available  for  sale  during  the  season,  exclusive  of 
any  corn  necessary  for  consumption  by  the  producer  in  his  household, 
or  by  his  tenants  or  farm  servants  or  for  feeding  to  his  livestock  or 
the  livestock  of  his  tenants.  Any  individual  acquiring  in  excess  of 
stipulated  quantities  (25  to  300  or  600  bags,  as  the  case  may  be)  of 
corn  or  its  equivalent  in  corn  products,  must  export  the  quota  per- 
centage of  his  purchases.  Since  1932  a  double  quota  has  been  im- 
posed on  producers  who  have  more  than  1,000  bags  unsold  at  a  certain 
date  and  not  for  use  on  the  same  farm,  because  any  such  producer 
and  the  purchaser  must  both  set  aside  the  stipulated  quota.  To  avoid 
this  the  large  producer  must  either  turn  his  crop  over  to  a  cooperative 
or  sell  early  when  prices  are  generally  lowest. 

SOUTHERN  RHODESIA 

TREND   OF   PRODUCTION 

Southern  Rhodesia  is  the  second  most  important  producing  area  of 
corn  in  south  and  east  Africa.  Here,  as  in  the  Union,  most  of  the 
corn  is  grown  by  Europeans.  The  acreage  grown  by  Europeans  has 
increased  from  161,000  acres  in  1913-14  to  325,000  acres  in  1928-29. 
Subsequently,  the  acreage  declined  to  253,000  acres  in  1932-33  (table 
158).  Officials  of  Southern  Ehodesia  do  not  consider  corn  a  suitable 
crop  to  produce  for  export  and,  although  corn-price-supporting  legis- 
lation has  been  introduced,  a  curtailment  of  acreage  is  urged.  In 
1929-30,  76  percent  of  the  total  summer-crop  area  was  in  corn,  and 
other  substitute  crops  cannot  easily  be  found  for  more  than  a  small 
part  of  this  acreage.  Yields  per  acre  are  normally  about  twice  as 
high  as  in  the  Union  and  compare  favorably  with  average  yields 
obtained  in  the  United  States.  Between  1913-14  and  1932-33  the 
total  production  of  corn  by  Europeans  has  ranged  between  2,000,000 
and  almost  7,000,000  bushels. 

Corn  is  commonly  grown  by  the  natives  in  native  reserves  for 
their  own  consumption  and  a  small  quantity  for  sale.  The  1929-30 
crop  of  native-grown  corn  was  2,708,000  bushels,  of  which  624,000 
bushels  was  sold  or  traded  to  Europeans.  Yields  per  acre  obtained 
by  natives  are  very  low.  Assuming  an  average  yield  of  6  bushels 
per  acre,  the  natives'  corn  acreage  is  about  450,000  acres,  which  is 
about  twice  as  much  as  the  acreage  grown  by  Europeans.  As  a 
result  of  educational  efforts  on  the  part  of  European  officials  natives' 
corn  yields  are  being  increased,  and  a  steadily  increasing  production 
of  corn  on  native  reserves  may  be  expected. 
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Table  158. — Corn:  Production,   value,   exports,   and  consumption  in  Southern 
Rhodesia,  19 13-1  Jt  to  1932-33 


Corn  on  land  occupied  by  Europeans 

Exports 

Approxi- 
mate 

consump- 
tion 3 

Year  of  harvest 

Area 
planted 

Produc- 
tion 

Yield  per 
acre 

Price  per 
bushel  • 

Value  per 
acre 

Corn 

Corn 
meal 2 

1914 

1,000 

acres 
161 
167 
175 
203 
192 
173 
173 
186 
182 
221 
232 
239 
240 
267 
295 
325 
318 
273 
253 
251 

1,000 
bushels 
2,264 
3,266 
2,429 
3, 349 
2,112 
3,177 
4,000 
4,358 
2,366 
5,375 
3,856 
3,816 
4,975 
5,925 
4,527 
6,520 
6,845 
5,129 
6,724 
4,130 

Bushels 
14.1 
19.6 
13.9 
16.5 
11.0 
18.4 
23.1 
23.4 
13.0 
24.3 
16.6 
16.0 
20.7 
22.2 
15.3 
20.1 
21.5 
18.8 
26.6 
16.4 

Cents 
72 
55 
53 
74 
81 
76 
75 
88 
50 
82 
58 
82 
68 
75 
73 
78 
63 
«49 
■  44 

Dollars 
10.15 
10.78 

7.37 
12.21 

8.91 
13.98 
17.32 
20.59 

6.50 
19.93 

9.63 
13.12 
14.08 
16.65 
11.17 
15.68 
13.54 
8  9.21 
«  11. 70 

1,000 

bushels 

722 

1,238 

183 

793 

765 

1,189 

1,745 

1,237 

114 

2,765 

1,119 

1,369 

1,551 

1,953 

2,134 

2,080 

2,660 

2,272 

4,058 

1,000 

bushels 

47 

27 

47 

121 

82 

263 

443 

411 

186 

310 

336 

118 

185 

75 

178 

216 

630 

180 

82 

1,000 
bushels 
1,495 

1915 

2,001 

1916 

2,199 

1917 

2, 435 

1918 

1,265 

1919 

1,725 

1920. . 

1,812 

1921 

2,710 

1922*.. 

2,066 

1923.. 

2,300 

1924 

2,401 

1925.. 

2,329 

1926 

3,239 

1927 

3,897 

1928.... 

2,215 

1929 

4,224 

1930 

3,555 

1931.. 

2,677 

1932 

2,582 

1933 

i  Average  obtained  (No.  2  grade)  by  the  Farmers'  Cooperative,  Ltd.,  Salisbury,  before  deduction  for 

cost  of  bag  (7  cents)  and  cost  of  delivery  to  railroad.  ^^  , 

J  Converted  at  49  pounds  per  bushel  of  corn.  ^ 

3  In  1930  natives'  production  was,  in  addition,  2,708,000  bushels,  of  which  624,000  bushels  was  sold  to 

Europeans. 

*  A  year  of  exceptional  drought. 

*  Currency  basis,  subject  to  about  30-percent  reduction  to  gold  basis.    Pay-out  to  farmers  1928-29  to 
1931-32. 

Southern  Rhodesia  Official  Yearbook  (.57),  and  Econ.  and  Statis.  Bull.  (n.  s.)  v.  2,  no.  2.    Apr.  2,  1934. 
[Mimeographed.]    Crop  year  ended  June  30;  export  and  consumption  year  ended  Dec.  31. 

METHODS  AND  COSTS  OF  PRODUCTION 

The  principal  corn-producing  area  is  in  the  vicinity  of  Salisbury, 
where  rainfall  averages  about  30  inches  per  year.  The  seasonal  dis- 
tribution is  the  same  as  in  the  principal  corn-producing  area  of  the 
Union,  but  the  rainfall  during  the  months  of  December,  January, 
February,  and  March,  covering  the  period  from  the  end  of  planting 
to  the  end  of  the  tasseling  period,  is  considerably  heavier,  so  that 
the  total  rainfall  for  the  year  is  about  5  inches  more  than  in  the 
corn-growing  area  of  the  Union.  This  additional  rainfall,  coming 
as  it  does  at  the  critical  periods  of  growth,  produces  yields  averaging 
twice  as  much  as  in  the  Union.  The  rainy  season  is  about  a  month 
later  in  Southern  Rhodesia  than  in  the  Union.  Planting  takes  place 
during  November  and  December. 

Both  white  and  yellow  corn  are  grown  but,  according  to  law,  only 
white  or  yellow  corn  can  be  grown  in  any  designated  area.  Most  of 
the  corn  grown  for  export  is  white  corn.  Most  of  the  2,200  Euro- 
pean corn  growers  grow  less  than  100  acres  of  corn,  but  there  are 
over  300  growers  with  over  200  acres  of  corn  per  farm,  and  it  is 
the  larger  growers  who  obtain  the  highest  yields  per  acre. 

The  general  practice  in  Southern  Rhodesia  differs  from  that  in 
the  Union  in  that  corn  is  usually  cut  and  shocked  instead  of  being 
harvested  from  standing  stalks.  Labor  is  performed  chiefly  by  oxen 
and  natives.     Wage  rates  are  usually  $5  to  $10  per  month,  except  for 
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native  squatters,  wno  receive  grazing  and  living  privileges  instead 
of  cash.  •  Production-cost  figures  are  not  available,  but  despite  the 
higher  yields  per  acre  it  is  generally  claimed  that  production  costs 
are  40  cents  to  55  cents  per  bushel  (gold  basis).  These  costs  are 
only  slightly  lower  than  those  obtained  in  the  Union  of  South 
Africa,  but  the  methods  of  calculation  are  not  the  same. 

METHODS  AND  COSTS  OF  MARKETING 

Marketing  methods  m  Southern  .Rhodesia  are  essentially  the  same 
as  in  the  Union  of  South  Africa  (fig.  76).  There  is  a  cooperative 
grain-marketing  association  which  handled  considerable  quantities 
of  corn  prior  to  1931.  Since  that  time  it  has  worked  in  conjunction 
with  the  Maize  Control  Board  oftSouthern  Rhodesia,  a  Government 
monopoly  created  in  1931. 


Figure  76. — Bags  of  corn  awaiting  shipment  at  a  railway  siding  during  the  dry  winter 
months  in  Southern  Rhodesia. 

All  corn  or  corn  meal  for  export  must  be  graded  and  inspected 
by  official  inspectors.  There  are  4  grades  of  flat  white  corn,  the 
first  3  of  which  have  no  more  than  1,  8,  and  13  percent,  respectively, 
of  defective  or  colored  grain.  Most  of  the  exports  are  of  no.  2  grade 
Flat  White. 

The  cost  of  exporting  corn  from  Southern  Rhodesia  has  been  of- 
ficially estimated  to  be  24  cents  per  bushel  (gold  basis),  consisting 
of  railage  5  cents;  grading,  loading,  insurance,  etc.  3  cents;  Beira 
port  charges  4  cents;  and  ocean  freight  12  cents.  The  quoted  rate 
for  ocean  freight  from  Beira  to  European  berth  ports  in  1932  was 
15.7  cents  per  bushel  without  options,  and  19.5  cents  with  optional 
destinations. 

EXPORTS 

About  3,000,000  or  4,000,000  bushels  (slightly  less  than  half  the 
total  corn  production)  is  annually  exported.  The  remainder  is  used 
chiefly  for  human  consumption  and,  secondarily,  as  feed  for  livestock. 
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Shipments  are  made  through  Beira.  The  United  Kingdom  is  the 
principal  destination,  but  considerable  quantities  also  reach  the 
Netherlands,  Belgium,  and  Germany.  The  principal  exporting 
season  extends  from  August  to  November. 

LEGISLATIVE  ASSISTANCE   TO  CORN  GROWERS 

The  Government  created  the  Maize  Control  Board  in  June  1931. 
All  corn  entering  commercial  channels,  excepting  from  unimportant 
exempted  areas,  becomes  the  property  of  the  control  board.  The  lat- 
ter maintains  a  fixed  price  of  about  65  cents  per  bushel,  with  geo- 
graphical and  grade  differentials,  for  all  inland  sales.  All  corn 
which  cannot  be  marketed  in  the  country  by  the  control  board  is 
exported  by  the  board.  During  the  first  year  of  operation  the  board 
received  34  cents  per  bushel  for  the  exported  portion  of  the  crop. 
The  board  pays  a  substantial  advance  on  delivery  of  corn  and  makes 
a  final  payment  at  the  end  of  the  marketing  season.  The  average 
price  realized  by  growers  during  the  first  year  was  46  cents  per 
bushel.  The  cost  of  operating  the  board  was  2.2  cents  per  bushel. 
The  effect  of  the  legislation  is  to  give  growers  an  average  price  higher 
than  export  parity  by  reason  of  the  higher  local  prices.  Although 
originally  passed  as  temporary  legislation,  the  law  has  been  continued. 

BASUTOLAND,  SWAZILAND,  AND  BECHUANALAND 

There  are  three  native  protectorates,  Basutoland,  Swaziland,  and 
Bechuanaland,  which  are  adjacent  to,  but  not  part  of,  the  Union  of 
South  Africa.  The  first  two  are  small  but  are  located  in  the  rainy 
area.  The  third  is  large  but  arid.  With  minor  exceptions  the  land 
in  all  three  is  reserved  exclusively  for  natives. 

Estimates  of  acreage  and  production  by  natives  are  extremely  dif- 
ficult to  obtain,  but  it  appears  that  the  acreage  of  corn  in  these  three 
protectorates  is  about  200,000,  40,000,  and  100,000  acres,  respectively 
(table  159).  The  combined  acreage  is  less  than  the  native-grown 
corn  of  Southern  Rhodesia  alone.  Production  of  corn  in  the  three 
protectorates  is  approximately  2,000,000,  300,000,  and  400,000  bushels, 
respectively,  including  100,000  to  150.000  bushels  produced  by  Euro- 
peans in  Swaziland.  In  arid  Bechuanaland  kafir  is  twice  as 
important  a$  corn. 

Yields  per  acre  in  the  native  protectorates  are  very  low,  and  there 
is  practically  no  exportable  surplus.  In  fact,  corn  is  as  often  im- 
ported as  exported.  Production  by  these  natives  has  shown  no 
significant  change  during  the  last  10  years.    . 

SOUTH-WEST  AFRICA 

South-West  Africa  is  large  but  mostly  arid  and  is  sparsely  popu- 
lated by  Europeans  and  natives.  Crop  production,  chiefly  corn  and 
kafir,  is  insufficient  to  supply  the  mines  and  other  nonagricultural  in- 
terests in  the  territory,  and  importation  from  the  Union  of  South 
Africa  is  necessary.  In  1932  imports,  chiefly  in  the  form  of  corn 
meal,  amounted  to  290,000  bushels.  This  was  slightly  less  than  in 
1931,  because  of  mining  inactivity. 
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During  the  last  10  years  corn  production  by  Europeans  has  varied, 
on  account  of  drought,  from  as  low  as  25,000  bushels  to  as  much  as 
259,000  bushels.  Production  by  natives  is  probably  somewhat  above 
1,000,000  bushels  (table  160).  The  average  yield  per  acre  is  prob- 
ably not  more  than  5  bushels  for  Europeans  and  2  bushels  for  natives. 
Corn  acreage  is  believed  to  be  about  25,000  acres  for  Europeans  and 
650,000  acres  for  natives. 

Because  of  the  arid  conditions  in  the  south  and  malarial  conditions 
in  the  north,  corn  production  will  probably  never  become  important 
in  South-West  Africa. 

Table    159. — Corn:   Acreage,    production,    and    foreign    trade    in,    Basutoland, 
Swaziland,   and  Bechwinaland,   1923-32 

BASUTOLAND 


Year  of  harvest 

Area  » 

Produc- 
tion 

Im- 
ports 

Ex- 
ports 

1923       

1,000 
acres 
250 
250 
158 
200 
200 

1,000 
bushels 
2,139 
1,675 
838 
1,839 
1,974 

1,000 
bushels 

1,000 

bushels 

311 

35 

254 

20 

134 

1924 

1925 

1926   . 

1927.. 

Year  of  harvest 


1928. 
1929. 
1930. 
1931. 
1932. 


Produc- 

Im- 

tion 

ports 

1,000 

1,000 

1,000 

acres 

bushels 

bushels 

200 

2,047 

55 

200 

2,081 

79 

200 

1,910 

219 

200 

1,735 

499 

200 

1,606 

342 

Ex- 
ports 


1,000 

bushels 

360 

312 

22 

1 

7 


SWAZILAND  2 


1924       

28 
25 
29 
32 
26 

240 
247 
257 
344 
297 

1929.. 

26 
43 
39 

298 
330 
185 
217 

1925     

1930.      -. 

1926     

1931       

1927 

1932 

1928. .     . 

BECHUANALAND 


1921...   

3>84 

<736 

"~81~ 

~~~3 

|  1931   

50 

9 

1930 

|  1932 

100 

400 

1  Acreages  in  these  native  protectorates  are  only  approximate. 

2  Of  these  acreages,  European  farmers  grew  (in  thousands  of  acres)  11,  6,  9, 11, 10,  9, 13,  and  10,  respectively. 
Of  these  productions,  European  farmers  up  to  1931,  inclusive,  produced  (in  thousands  of  bushels)  120, 
112,  115,  173,  151,  148,  132,  and  77,  respectively. 

3  Production  divided  by  4. 

*  Native  population  multiplied  by  4.9. 

Basutoland  agricultural  officer;  South  African  Crops  and  Markets;  Government  secretary,  Swaziland; 
Imperial  Secretary,  Pretoria. 

NORTHERN  RHODESIA 

Northern  Rhodesia  has  about  1,400,000  natives,  but  only  400  Euro- 
pean farmers.  Native  production  of  corn  amounts  to  about  11,000,000 
bushels,  all  for  their  own  consumption.  The  production  of  corn  by 
Europeans,  chiefly  for  the  copper-mine  laborers,  was  821,000  bushels 
in  1931-32  (table  161).  Yields  per  acre  are  usually  15  to  20  bushels 
for  Europeans  and  possibly  5  bushels  for  natives.  The  natives  ap- 
parently use  2,200,000  acres  for  growing  corn  and  the  Europeans 
43,000  acres  (1931-32).  Imports  from  Southern  Rhodesia  in  1931 
came  to  140,000  bushels,  including  corn  meal,  and,  in  1932,  to  only 
46,000  bushels,  due  to  mining  inactivity.  No  significant  increase  in 
corn  production  in  Northern  Rhodesia  is  to  be  expected  for  many 
years. 
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Table  160. — Corn:  Production  and  foreign  trade  in  South-West  Africa,  1924-31 


Year  of  harvest 

Production 
byi— 

Foreign  trade 

Production 
byi— 

Foreign  trade 

£S£  jN«*» 

Im- 
ports 2 

Ex- 
ports 3 

Euro- 
peans 

Natives 

Im- 
ports 2 

Ex- 
ports 3 

1924 

1,000 

bushels 

28 

1,000 
bushels 

1,000 
bushels 

1,000 
bushels 

1928 

1,000 

bushels 

259 

41 

56 

193 

1,000 
bushels 

U,~279~ 

1,000 

bushels 

199 

311 

286 

1,000 
bushels 
0.7 

1925 

190 
25 

85 

1929. 

8.5 

1926 

198 
206 

0.4 

1930   

4.8 

1927 

1931 

1  Acreage  is  not  reported;  Europeans,  about  25,000  acres,  natives  probably  650,000  acres. 

2  Including  corn  meal  converted  at  49  pounds  per  bushel  of  corn. 

3  Cereals  of  all  kinds,  chiefly  corn;  converted  at  56  pounds  per  bushel. 

4  Insignificant  quantity. 

5  Native  population  multiplied  by  4.9. 


Union  of  South  Africa  Official  Yearbooks; 
ended  June  30;  trade  year  ended  Dec.  31. 


officials  of  South- West  Africa;  customs  reports.    Crop  year 


Table   161. — Corn:   Acreage,    production,    and    foreign    trade    in.    Northern 

Rhodesia,  1924-32 


Year  of  harvest 

Acreage  on  land  occu- 
pied by — 

Production  on  land 
occupied  by- 

Foreign  trade  2 

Europeans 

Natives 

Europeans '     Natives 

Imports 

Exports 

1924 

1,000  acres 
35 
36 
36 
44 
43 
39 
47 
43 
43 

1,000  acres 

1,000  bushels 
461 
339 
632 

1,000  bushels 

1,000  bushels 

61 

71 

99 

25 

29 

174 

691 

*  158 

*48 

1,000  bushels 
161 

1925 

196 

1926 

231 

1927 

893 
653 
719 
720 
691 
821 

386 

1928 

284 

1929 

233 

1930 

284 

1931 

3  2,200 

4  11,000 

1932 

•  Yield  per  acre  in  each  year;  13.  9.  18,  20,  15,  18,  15,  16,  and  19  bushels,  respectively. 

2  Including  corn  meal,  calculated  at  49  pounds  per  bushel  of  corn. 

3  Production  divided  by  5. 

4  Native  population  multiplied  by  8.2.  The  natives  consume  about  2  pounds  of  grain  per  day  per  capita 
(13  bushels  per  year).  In  the  north  the  diet  consists  largely  of  casava  root;  in  the  west,  of  corn,  kafir,  and 
millets;  in  the  drier  southeast,  of  millets  and  kafir.  The  average  is  probably  25  percent  casava,  12  percent 
kafir  and  millets,  and  63  percent  corn. 

5  From  Southern  Rhodesia. 

Department  of  Agriculture  annual  reports.    Crop  year  ended  June  30;  trade  year  ended  Dec.  31. 


NYASALAND 

Nyasaland,  with  1,500,000  natives  and  only  3,000  Europeans  and 
Asiatics,  produces  about  3,000,000  bushels  of  corn  on  about  350,000 
acres.  Europeans  produced  only  39,000  bushels  on  1,400  acres  of 
land  in  1931-32.  Corn  is  produced  almost  entirely  by  the  natives 
for  their  own  consumption.  Yields  obtained  by  Europeans  are 
about  20  bushels  per  acre,  which  is  two  or  three  times  as  much  as 
yields  obtained  by  natives.  However,  the  acreage  of  European-grown 
corn  is  not  expanding  and,  since  1927,  has  apparently  declined.  The 
country  is  more  suitable  for  cotton  and  tobacco.  Corn  will  not  be 
grown  for  export  (table  162). 
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Table    162. — Corn:    Acreage,    production,    and    foreign    trade    in    Nyasaland, 

1923-32 * 


Corn  on  land  occupied  by- 

Exports 

Year  of 
harvest 

Corn  on  land  occupied  by- 

Year  of 
harvest 

Europeans 

Natives, 

pro- 
duction 

Europeans 

Natives, 

pro- 
duction 

Exports 

Acre- 
age 

Produc- 
tion 

Acre- 
age 

Produc- 
tion 

1923          

1,000 
acres 
4.0 
3.6 
3.6 
4.9 
5.3 

1,000 
bushels 
83 
75 
72 
62 
95 

1,000 
bushels 

1,000 
bushels 

1928 

1,000 
acres 
4.8 
3.8 
2.7 
3.2 
3  1.4 

1,000 
bushels 
82 
80 
59 
73 
3  39 

1,000 
bushels 

1,000 

bushels 

7 

1924       

1929 

6 

1925 

1930 

2  3  3,000 

6 

1926 

1931 

1932 

6 

1927 

1  Data  for  acreage  and  production  include  millets.    Exports  include  corn  meal  and  flour. 

2  Native  population  multiplied  by  2.5. 

3  Corn  only. 

Nyasaland  Department  of  Agriculture  and  reports  of  external  trade.    Crop  year  ended  June  30;  export 
year  ended  Dec.  31. 

MOZAMBIQUE 

South  of  the  Zambesi  River  corn  is  the  principal  crop  of  Mozan- 
bique;  sugar  is  of  secondary  importance  near  the  Zambesi  River, 
and  cotton  is  of  secondary  importance  in  the  southern  district  of 
Lourenco  Marques.  North  of  the  Zambesi  coconuts  and  sisal  are 
most  important.  Corn  is  grown  by  or  in  conjunction  with  natives 
in  all  parts  of  the  colony.  Yields  obtained  by  non-natives  are  usually 
15  to  20  bushels  per  acre,  and  their  production  is  slowly  increasing. 
In  1929-30  the  non-native  acreage  was  127,000  acres,  from  which  the 
production  was  1,612,000  bushels,  but  the  yield  per  acre  that  year  was 
only  about  two-thirds  of  normal.  The  annual  production  of  corn 
by  natives  is  unknown,  but  is  probably  about  18,000,000  bushels,  of 
which  less  than  2,000,000  bushels  enters  commercial  channels.  Ex- 
ports are  less  than  1,500,000  bushels  per  year,  and  there  is  no  appar- 
ent tendency  to  expand  production  beyond  domestic  needs.  To  main- 
tain prices  profitable  to  producers  in  the  colony  a  high  import  duty 
prevails,  and  the  chartered  company  (Manica  and  Sofala  districts) 
in  1931  bought  the  exportable  surplus  at  55  cents  per  bushel,  thereby 
enabling  the  local  price  to  be  fixed  at  95  cents  per  bushel. 

ANGOLA 

The  Portuguese  colony  of  Angola  varies  from  dense  tropical 
forest  in  the  Congo  basin,  in  the  north,  to  dense  thorn  bush  in  the 
south.  Most  of  the  European  settlements  are  on  the  high  plateau  at 
elevations  of  4,000  to  6,000  feet.  Corn  is  grown  chiefly  in  the  vicinity 
of  Benguella  and  in  the  hinterland  of  Luanda.  Corn  production 
averages  between  4,500,000  and  6,500,000  bushels,  obtained  from  an 
acreage  of  400,000  or  500,000  acres.  Most  of  the  corn  is  grown  by 
natives  for  their  own  consumption.  In  1933,  a  good  year,  approxi- 
mately 3,581,000  bushels  were  exported.  Corn  exports  in  that  year 
exceeded  in  value  the  exports  of  coffee,  sugar,  coconuts,  or  palm  oil. 
About  three-fourths  of  the  exports  of  the  colony  go  to  Portugal. 
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The  Government  of  Angola  is  attempting  to  stimulate  the  produc- 
tion of  corn  by  assisting  the  natives  in  the  selection  of  seed  and  the 
cultivation  of  the  crop. 

TANGANYIKA 

Corn  is  grown  throughout  Tanganyika,  but  it  is  of  secondary  im- 
portance except  in  the  central  semiarid  area.  Corn  is  produced 
chiefly  but  not  entirely  by  natives.  Production  during  recent  years 
has  reached  6,000.000  to  11,000,000  bushels.  It  is  produced  on  ap- 
proximately 700,000  to  1,000,000  acres.  Corn  is  considerably  less  im- 
portant than  the  millets  and  only  slightly  more  important  than  kafir. 
The  total  area  of  grain  crops  in  1930,  including  rice  and  peanuts, 
was  4,300,000  acres,  representing  about  90  percent  of  the  total  culti- 
vated area.  Yields  obtained  by  Europeans  are  about  equal  to  those 
obtained  in  Southern  Rhodesia,  although  at  one  of  the  experiment 
stations  yields  of  27  to  45  bushels  per  acre  were  obtained  in  1930 
from  properly  fertilized  and  cultivated  plots.  Locusts  constitute  a 
serious  handicap,  and  the  tsetse  fly  bars  work  oxen  from  certain  areas. 
Both  imports  and  exports  of  corn  are  less  than  100,000  bushels  each 
(table  163). 

Table  163. — Corn:  Production   and  foreign   trade   in   Tanganyika,  1927-28  to 

1930-31 


Year  of  harvest 

Production  I  Imports  « 

Exports  i 

1928 

1,000  bushels 
10, 930 
5, 930 
7,030 

1,000  bushels 

1 ,000  bushels 
34 

1929 

14 

1930 

9 

1931 

114 

2  12 

'  Includes  corn  meal  calculated  at  49  pounds  per  bushel.    Exports  are  from  Tanga  and  Lindi  districts 
only. 
2  Exports  from  Moshi  district  52,400  bushels  additional. 

From  official  sources.     Crop  year  ended  June  30;  trade  year  ended  Dec.  31. 

KENYA 

Although  Kenya  is  located  on  the  Equator,  much  of  the  colony 
is  at  such  a  high  elevation  as  to  provide  a  temperate  climate.  About 
4  percent  of  the  total  land  area  is  in  farms  owned  by  Europeans,  and 
about  one-tenth  of  this  is  in  crops.  Corn  represented  28  percent  of 
the  crop  area  in  1932,  as  against  42  percent  in  1926.  The  average 
size  of  farm  in  1932  was  2,480  acres.  Individual  farmers  commonly 
grow  200  to  3,000  acres  of  corn,  and  800  acres  is  described  as  a 
satisfactory  economic  unit. 

The  acreage  of  corn  grown  by  Europeans  in  the  colony  increased 
from  32,000  in  1920  to  234,000  in  1929-30  and  then  declined  to  164,108 
acres  in  1932-33.  Production  increased  from  less  than  1,000,000 
bushels  to  nearly  7,000,000  bushels  during  this  period  of  expansion. 
The  yield  per  acre  averaged  25.4  bushels  during  the  first  5  years  and 
20  during  the  next  4  years.  The  decline  in  yield  is  probably  due  to 
a  bringing  into  production  of  less  suitable  areas.  However,  the  ex- 
pansion during  the  last  14  years  seems  to  be  justified  by  economic 
conditions,  and  when  price  conditions  are  more  favorable  the  upward 
trend  may  be  expected  to  be  renewed  (table  164). 
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Table  164. — Corn:  Acreage,  production,  and  foreign  trade  in  Kenya,  average 
1920-24  to  1930-34,  annual  1920-3 J, 


Corn  on  land  occupied  by  Europeans  ' 

Year  of  harvest 

Acreage  2 

Production 

Yield  per 
acre 

Exports  3 

Average: 

1920-24        

1,000  acres 
61 
169 
•179 
32 
31 
57 
75 
108 
130 
156 
178 
177 
205 
234 
201 
161 
164 
113 

1 ,000  bushels 2 

1,551 

3,800 

4,601 

1,134 

588 

1,210 

1,849 

2,976 

3,188 

3,308 

4,693 

3,887 

3,925 

6,635 

5,890 

»  2,  723 

«  4, 070 

s  2,  667 

Bushels 
25.6 
22.5 
25.7 
35.4 
19.0 
21.2 
24.7 
27.6 
24.5 
21.2 
26.4 
22.0 
19.1 
28.4 
29.3 
16.9 
7  24.8 
23.6 

1,000  bushels 
1,021 

1925-29                                              --------- 

2,354 

1930-34                  .  

1920              

671 

1921         

*269 

1922                     

M80 

1923             

1924            

*  2,  315 

1925        

«  2,  481 

1926                  

«  1,  825 

1927            

3,784 

1928        

2,043 

1929                       

1,635 

1930                 

4,609 

1931            

3,  765 

1932 

1,043 

1933                 

2,320 

1934                

i  Native-grown  corn,  1929-30,  was  4,950,000  bushels. 

2  Produced  chiefly  in  Trans  Nzoia,  Nakuru,  and  Uasin  Gishu  districts. 

3  Including  corn  meal  at  49  pounds  per  bushel  of  corn.    Exports  in  1914  were  65,000  bushels. 

4  Year  ended  July  31;  exports  from  Mombasa  only. 

»  Of  which  600,000  to  700,000  bushels  estimated  available  for  export, 
e  Of  which  2,856,000  bushels  estimated  available  for  export. 

7  The  most  important  district,  Trans  Nzoia,  averaged  47  bushels. 

8  Of  which  1,430,000  bushels  estimated  available  for  export. 

Kenya  Colony  agricultural  census  reports.    Crop  year  ended  June  30;  export  year  ended  Dec.  31. 

The  production  of  corn  by  natives  in  Kenya  in  1929-30  was  almost 
5,000,000  bushels,  which  is  almost  equal  to  the  production  by  Euro- 
peans in  that  year,  but  in  view  of  the  much  lower  yields  per  acre 
obtained  by  natives  it  is  probable  that  the  natives  use  about  560,000 
acres  of  land  for  growing  corn,  as  compared  with  a  much  smaller 
acreage  used  by  Europeans. 

The  Kenya  Department  of  Agriculture  estimates  that  the  cost  of 
producing  corn  is  $8.50  to  $16.50  per  acre  (conversion  at  par),  in- 
cluding bags  and  transportation,  from  which  it  is  concluded  that 
at  least  46  bushels  per  acre  are  essential  for  the  profitable  exporta- 
tion of  corn  when  the  price  in  Europe  remains  about  71  cents  per 
bushel.  These  costs  appear  unreasonably  high  in  relation  to  costs  in 
the  Union  of  South  Africa  and  Southern  Khodesia  and  are  open  to 
question. 

Kenya  exports  about  as  much  corn  as  does  Southern  Khodesia. 
The  largest  quantity  thus  far  exported  was  4,609,000  bushels  (in- 
cluding corn  meal)  in  1930.  Most  of  the  corn  for  export  is  Kenya 
Flat  White  variety,  a  hybrid  from  Natal  White  and  Hickory  King. 

UGANDA 

Uganda  is  rather  densely  populated  by  natives,  but  there  were 
fewer  than  2,000  Europeans  in  1927,  very*  few  of  whom  were  farm- 
ing. The  production  of  corn  by  natives  is  not  known  with  any  de- 
gree of  accuracy.     On  the  basis  of  native  population  it  has  been  esti- 
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mated  to  be  approximately  600,000  bushels,  although  in  the  last 
10  years  it  has  probably  ranged  between  50  and  200  percent  of  this 
figure.  About  70,000  acres  were  used  by  Uganda  natives  in  1931 
for  growing  corn,  as  compared  with  3  or  4  times  this  acreage  used 
for  kafir.  In  the  .preceding  year  the  natives'  acreage  was  142,000 
acres,  which  was  a  record.  Between  1923  and  1928  acreage  varied 
between  30.000  and  41,000  acres. 

Corn  acreage  is  increasing,  particularly  on  heavier  soils  in  areas 
bordering  on  Lake  Victoria,  but  the  extension  of  production  is  lim- 
ited by  the  lack  of  suitable  local  milling  facilities.  Corn  production 
is  also  hampered  by  frequent  attacks  of  locust.  Corn  is  not  consid- 
ered an  exportable  crop  at  prices  likely  to  be  ruling,  and  the  encour- 
agement of  its  cultivation  is  confined  to  the  settled  part  of  the  Prov- 
ince and  is  entirely  for  local  demand.  Annual  exports  during  recent 
years  have  not  exceeded  22,000  bushels. 

WHEAT 

Wheat  production  in  the  African  countries  south  of  the  Equator 
is  of  minor  importance.  The  total  production  of  wheat  in  the  13 
British  and  Portuguese  countries  amounts  to  less  than  12,000,000 
bushels,  practically  all  of  which  is  produced  in  the  Union  of  South 
Africa  and  Basutoland.  Almost  no  wheat  is  produced  in  the  vast 
summer-rainfall  area  separating  the  Capetown  area  of  the  Union 
from  Kenya  on  the  Equator.  In  Kenya  the  rainfall  during  winter 
months  is  sufficiently  heavy  to  permit  moderate  production  of  wheat. 
The  general  use  of  corn  meal,  especially  among  the  natives,  makes  it 
unnecessary  to  import  much  wheat.  Production  and  importation  of 
wheat  will  continue  to  be  small  so  long  as  the  European  population  is 
small  (table  165). 


Table    165. — Wheat:  Acreage,    produetwn,    and    foreign    trade    in    south 

east  Africa.   t$S0 


and 


Country 

Acreage  « 

Produc- 
tion i 

Yield  per 
acre  ' 

Imports  3 

Exports  3 

1,000  acres 

U.265 

*89 

7 

2 

37 

69 

5.2 

1,000  bu. 

*9,287 

5607 

53 

32 

296 

648 

«2 

Bushels 
7.3 
6.8 
7.8 
13.9 

1,000  bu. 

4,897 

17 

345 

71 

,  158 

1,000  bu. 
30° 

430 

67 

Northern  Rhodesia  6 ......        .  .. 

Angola".        .     .. 

169 

Kenya 

9.4 
U0 

492 

Uganda ...  ...      ...... 

»62 

Total 

1,  469.  2 

10,  925 

7.3 

5,550 

1  460 

1  On  farms  of  Europeans. 

2  Calculated  from  the  unrounded  figures. 

3  Including  milled  products,  wheat  equivalent  47  pounds  per  60-pound  hushel. 
*  Europeans  produced  about  98  percent  of  the  total  production  in  1923  to  1925. 

5  Produced  by  natives;  acreage  in  Uganda  has  varied  erratically  from  172  (1929)  to  596  acres  (1923). 

6  Mostly  irrigated;  acreage  and  production  have  not  changed  materially  since  1925. 
"  Acreage  approximate;  production,  1929;  flour  imports,  1928 

8  Approximate. 

9  Transferred  from  Kenya. 

From  official  sources. 
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UNION  OF  SOUTH  AFRICA 

TREND  OF  PRODUCTION 

Wheat  production  was  introduced  at  Capetown  as  early  as  1652. 
By  the  time  the  Union  of  South  Africa  came  into  being  in  1910  the 
wheat-growing  area  was  well  established  in  the  vicinity  of  Capetown. 
In  recent  years  the  wheat-growing  area  has  extended  eastward  along 
the  south  coast  and  has  assumed  minor  importance  as  a  dry-land 
crop  along  the  western  and  southern  border  of  Basutoland.  Wheat 
is  also  grown  under  irrigation  in  the  Transvaal  and  a  few  other 
isolated  areas   (fig.  77).     Until  1928  the  Union  imported  25  to  30 
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Figure  77. — The  chief  wheat-producing  areas  are  in  the  southwest  and  near  Basutoland. 

percent  of  its  requirements  of  wheat  from  Australia  and  Canada, 
but,  under  the  increased  protection  accorded  in  1930,  production 
was  increased  to  a  point  that  imports  became  almost  unnecessary. 
During  four  successive  5-year  periods  ended  in  1930  the  consump- 
tion of  wheat  in  the  Union  increased  from  9,600,000  to  13,400,000 
bushels  per  year.  At  the  same  time  production  increased  from 
7,040,000  bushels  per  year  during  1911-15  to  8,340,000  bushels  in 
1926-30.  Imports  also  increased  during  this  period,  but  as  previously 
stated,  production  in  1931  was  increased  to  13,700,000  bushels  and  in 
1932  to  10,616,000  bushels,  making  importation  of  wheat  (except  from 
Basutoland)  unnecessary.  The  recent  expansion  in  production  was 
made  possible  by  increased  tariff  protection,  which  guaranteed  that 
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the  landed  cost  of  imported  wheat  would  be  $1.64  per  bushel  (conver- 
sion at  par).  The  guaranteed  price  is  endangered  by  the  expansion 
of  production  to  the  point  that  imports  are  no  longer  required,  and 
no  further  expansion  of  production  is  to  be  expected.  In  fact,  if  the 
duty  is  lowered,  wheat  production  will  diminish  (table  166  and 
fig.  78). 
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Figure  78.— Production,  Imports,  and  Consumption  of  wheat.  Union  of 

South  Africa.  1917-33. 

Wheat  import  restrictions  have  recently  increased   prices  and   production   and  have   de- 
creased both   imports  and  consumption. 

Table  166. — Wheat:  Acreage,  production,  and  foreign  trade  in   Union  of  Smith 
Africa,  average  1910-29,  annual  t925-83 


Year 


Average: 

1910-14 : 

1,000  acres 

1915-19 

1920-24 

1925-29 

1925 

868 
906 
968 

1926   . 

881 

1927.. 

774 

1928. 

825 

1929..     . 

1,084 

1930 

1,266 

1931 

1,736 

1932   . 

1,530 

19336 

1,257 

Wheat 


Acreage 


Produc- 
tion 


1,000 

bushels 

7,040 

7,557 

7,140 

8,340 

9,210 

8,282 

5,838 

7,435 

10,  934 

2  9,  297  j 

*  13,  713  | 

2  10,  627  '■ 

U0.227 


Imports  3 


1,000 
bushels 
3,475 
2,325 
3,415 
4,961 
4,600 
2,899 
6,919 
6,599 
3,789 
2,992 
2,069 
322 


Ground 
in  mills 


1,000 
bushels 
7,126 


12,404 
11,650 
12,288 
12,  495 
12,631 
12,  955 


Flour  and  meal  (wheat 
equivalent)  * 


Imported 


1,000 

bushels 

2,802 

1,160 

1,734 

1,206 

1,304 

1,070 

1,155 

1,394 

1,108 

589 

31 

16 


Exported 


1,000 
bushels 
295 
228 
201 
234 
220 
200 
207 
242 
302 

59 

52 

52 


Consumed 


1,000 
bushels 
9,633 
9,940 
11,022 
13,  376 
12,734 
13,158 
13,  443 
13,  783 
13,  761 


1  Acreage  and  production  are  for  year  beginning  Jan.  1;  other  figures  are  for  years  beginning  July  1. 

2  Europeans  only,  producing  about  98  percent  of  total  production  1923  to  1925. 

3  Imports  of  wheat,  less  reexports,  excluding  about  300,000  bushels  per  year  from  Basutoland. 

4  47  pounds  per  60-pound  bushel  of  wheat. 

5  Preliminarv. 

6  1934  production  was  13,950,000  bushels. 

Agricultural  census  reports,  official  yearbooks,  and  customs  reports. 
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The  principal  wheat-growing  area  is  in  the  winter-rainfall  belt 
near  Capetown  and  has  about  18  inches  normal  annual  rainfall,  prac- 
tically all  of  which  comes  between  April  and  October.  Here  wheat 
is  sown  during  April  and  May  and  harvested  during  October,  Novem- 
ber, and  December.  In  the  secondary  wheat  area  in  the  Orange  Free 
State,  normal  annual  rainfall  is  about  28  inches,  nearly  all  of  which 
comes  during  October  to  April.  In  this  area  planting  must  be  done 
during  March  or  April  in  order  to  escape  the  effects  of  the  winter 
drought,  which  begins  in  June.  Production  in  this  area  is  at  all 
times  hazardous. 

A  typical  wheat  farm  near  Capetown  contains  about  1,600  acres, 
of  which  400  are  in  wheat,  190  in  other  crops,  760  in  fallow  and 
stubble  lands,  and  250  in  grazing  and  waste  lands.  The  rotation  is 
usually  2  or  3  years  long ;  stubble  and  fallow  occur  in  the  second  and 
third  years.  Methods  of  production  are  similar  to  those  found  in 
the  Palouse  wheat  area  of  Idaho  and  Washington.  However,  grain 
binders  are  used,  and  the  shocked  grain  is  eventually  stacked  to  await 
the  coming  of  the  threshing  machine.  The  stubble  lands  are  used 
for  grazing  sheep,  mules,  and  a  few  cattle  and  hogs.  Mules  are  much 
more  commonly  used  than  work  oxen  in  this  area. 

The  labor  supply  consists  chiefly  of  Cape  colored  men  (partly 
white)  hired  at  a  cost  of  70  cents  per  day  for  regular  work  and  $1.09 
per  day  for  extra  work.  White  labor  costs  about  $1.70  per  day.  Be- 
tween 2,000  and  3,000  days  of  labor  per  farm  are  usually  employed 
during  the  year  at  an  average  cost  of  about  75  cents  per  day.  In  ad- 
dition the  laborers  receive  privileges  and  food  and  wine  approxi- 
mately equal  to  the  amount  of  cash  received.  Hired  labor  represents 
about  one-third  the  total  expenses  and  fertilizer  about  one-sixth. 
The  cost  of  mule  labor  averages  37  cents  per  day,  as  compared  with 
3.6  cents  per  day  for  ox  labor  in  the  western  Transvaal. 

The  average  wheat  farm  in  this  area  (1929-30)  represents  a  large 
capital  investment  ($56,000),  of  which  land,  at  $24  per  acre,  repre- 
sents 69  percent;  improvements,  15  percent;  implements,  5  percent; 
and  livestock,  11  percent.  Some  of  the  wheat  farmers  own  tractors, 
and  the  number  of  tractor  owners  has  apparently  increased.  The 
number  of  tractors  on  all  farms  in  the  Union  increased  from  231  in 
1918  to  3,684  in  1930.  During  the  same  period  the  number  of  thresh- 
ing machines  increased  from  1,428  to  8,602. 

The  average  cost  of  producing  a  bushel  of  wheat  in  the  Malmes- 
bury  area  during  1929-30  was  $1.32,  including  interest  and  allowing 
a  credit  for  the  value  of  grazing.  The  average  profit  per  bushel  was 
30  cents.  Of  course,  there  was  a  wide  variation  in  costs  among  the 
different  farms  included  in  the  study. 

AGRICULTURAL  LEGISLATION 

Since  March  1930  the  Union  Government  has  imposed  a  duty  on 
imported  wheat  equal  to  the  difference  between  the  landed  cost  and 
11  shillings  3  pence  per  100  pounds  ($1.64  per  bushel).  No  wheat 
can  be  imported  except  under  license  by  the  minister  of  finance.    Only 
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such  quantities  of  wheat  are  allowed  to  be  imported  as  are  imperative 
to  the  operation  of  the  South  African  milling  industry.  During  1932 
the  commissioner  of  customs  made  four  successive  reductions  in  the 
quantity  of  hard  wheat  which  could  be  imported  by  millers  for  blend- 
ing purposes,  which  reduced  the  percentage  from  20  percent  to  1  per- 
cent of  the  wheat  milled.  In  1931  the  principles  of  the  law  were  ex- 
tended to  apply  to  the  importation  of  wheat  flour  and  wheat  meal. 
This  was  done  to  protect  local  millers  and  to  prevent  evasion  of  the 
law  by  the  importation  of  flour  instead  of  wheat. 

BASUTOLAND 

Basutoland  is  the  only  country  in  south  and  east  Africa  in  which 
natives  produce  any  considerable  quantity  of  wheat.  The  natives 
produce  about  one-third  as  much  wheat  as  corn,  and  almost  as  much 
wheat  as  kafir.  Production  of  wheat  during  the  last  10  years  has 
ranged  between  600,000  and  1,200,000  bushels.  Some  of  the  wheat  is 
consumed  in  Basutoland,  but  the  larger  part  of  it  finds  its  way  duty- 
free into  the  Union  (table  167).  Unusual  weather  conditions  and 
the  relatively  high  prices  obtainable  for  wheat  of  the  Union  since 
1930  have  caused  some  expansion  of  wheat  production  in  Basutoland. 
Yields  averaged  only  about  8  bushels  per  acre,  as  compared  with  8.7 
bushels  per  acre  in  the  Union  of  South  Africa  during  the  10  years 
1923  to  1932  and  10  to  15  bushels  per  acre  in  the  more  favored  areas 
near  Capetown. 


Table  167. 


•Wheat:  Acreage,  production,  and  foreign,  trade  in  Basutoland, 
1923-32 


Calendar  year 

Approxi- 
mate 
acreage 

Produc- 
tion 

Im- 
ports • 

Ex- 
ports • 

Calendar  year 

Approxi- 
mate 
acreage 

Produc- 
tion 

Im- 
ports I 

Ex- 
ports « 

1923 

1,000 

acres 
94 
94 
89 
89 
89 

1,000 
bu. 
586 
676 
643 
920 
716 

1,000 
bu. 
(2) 
(2) 
(2) 
(2) 
(2) 

1,000 

bu. 
214 
103 
278 
345 
345 

1923 

1929 

1,000 
acres 
89 
89 
89 
156 
(2) 

1,000 

bu. 
728 
668 
607 

1,153 
490 

1,000 
bu. 
23 
18 
17 
16 
13 

1,000 
bu. 
394 

1924 

240 

1925 

1930 

430 

1926 

1931 

345 

1927 

1932 

656 

1  Including  wheat  and  wheat  meal,  both  calculated  at  33^  bushels  per  bag. 

2  Data  lacking. 

Basutoland  agricultural  officer  and  South  African  Crops  and  Markets,  March  1932  and  April  1934. 

SOUTHERN  RHODESIA 

Wheat  is  not  grown  by  natives  in  Southern  Rhodesia  and  is  grown 
only  to. a  slight  degree  by  European  farmers.  However,  the  acreage 
of  wheat  grown  by  Europeans  has  increased  from  3,300  acres  in 
1924  to  14,200  acres  in  1932.  Production  has  correspondingly  in- 
creased from  18,000  bushels  in  1924  to  141,000  bushels  in  1932.  The 
average  yield  per  acre  during  the  9  years  ended  in  1932  was  8.2 
bushels  per  acre,  which  is  low  considering  that  the  winter  wheat 
of  Southern  Rhodesia  is  grown  under  irrigation  or  on  wet,  low-lying 
land   which  dries  up   sufficiently  for  cultivation  only   during  the 


X 
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winter  months.  Prior  to  1932  production  was  less  than  20  percent 
of  consumption  requirements.  Production  is  being  encouraged  by 
the  Government  and  is  gradually  increasing.  Since  1928  the  Gov- 
ernment has  granted  a 
rebate  of  customs  du- 
ties on  wheat  imported 
by  millers  for  blending 
with  wheat  grown  in 
the  colony  in  the  man- 
ufacture of  flour  and 
meal,  provided  that  the 
finished  product  is  20 
percent  Ehodesian 
grown  (fig.  79).  In 
1931  and  1932  the  Gov- 
ernment -^naintained 
an  arrangement  with 
millers  for  the  stabi- 
lized price  of  23  shil- 
lings per  bag  ($1.68 
per  bushel  at  par),  as 
compared  with  $1.70 
per  bushel  in  1930  and 
$1.37  in  1929.  Wheat 
imports,  chiefly  from 
Argentina  and  Can- 
ada, have  fluctuated 
around  300,000  bushels 
per  year  and,  although 
production  is  increas- 
ing, the  domestic  re- 
quirements will  not  be 
produced  for  many 

Figure     79. — Grain     elevator     at    Bulawayo,     Southern       years,     if     ever      (table 
Rhodesia.     Until  recently  most  of  the  wheat  has  been       i*»q\ 
imported.  I-OOj. 


Table  1G8. — Wheat:  Acreage,  production,   and  foreign  trade  in  Southern 

Rhodesia,  1924-32 


Calendar 
year 

Acre- 
age 

Pro- 
duc- 
tion 

Yield 
per 
acre 

Im- 
ports > 

Ex- 
ports i 

Calendar 
year 

Acre- 
age 

Pro- 
duc- 
tion 

Yield 
per 
acre 

Im- 
ports » 

Ex- 
ports i 

1924 

1,000 
acres 
3.3 
4.5 
4.7 
3.3 
3.3 

1,000 
bu. 
19 
38 
39 
32 
23 

Bush- 
els 
5.5 
8.4 
8.3 
9.7 
7.0 

1,000 
bu. 
245 
235 
265 
221 
339 

1,000 

bu. 
43 
28 
57 
37 
40 

1929 

1,000 
acres 
4.6 
7.0 
8.7 
14.2 
16.0 

1,000 
bu. 
45 
53 
65 
141 
147 

Bush- 
els 
9.8 
7.6 
7.5 
9.9 
9.2 

1,000 

bu. 

•336 
345 
388 
320 

1,000 
bu. 
76 

1925 

1930 

67 

1926 

1931 

81 

1927 

1932 

68 

1928 

1933 

1  Including  wheat  flour  and  meal  at  47  pounds  per  60-pound  bushel  of  wheat. 

Official  Yearbook  and  Annual  Statement  of  Trade  of  Southern  Rhodesia  and  Economic  and  Statistical 
Bulletin  of  Southern  Rhodesia,  Aug.  21, 1933. 
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ANGOLA 

Angola  produces  moderate  quantities  of  wheat,  and  the  trend  is 
upward.  Between  1926  and  1929  wheat  production  increased  from 
55,000  to  296,000  bushels. 

Exports  increased  from  7,000  to  138,000  bushels  and  in  1933 
reached  297,000  bushels  (table  169).  Most  of  the  exports  were  sent 
to  Portugal.  The  Portuguese  Government  is  endeavoring  to  in- 
crease this  colonial  supply  of  wheat.  There  is  some  prospect  of 
finding  wheatlands  in  the  southern  and  higher  parts  of  Angola, 
where  the  climate  is  temperate.  Some  of  the  lands  now  covered 
with  wild  hay  could  be  plowed  for  wheat.  The  Angola  Department 
of  Agriculture  and  Commerce  is  urging  both  European  and  native 
growers  to  produce  more  wheat  to  eliminate  the  necessity  for  im- 
porting flour.  Prizes  are  offered  to  both  Europeans  and  natives  for 
the  largest  quantity  of  wheat  produced. 

Table  169. — Wheat:  Production  and  foreign  trade  in  Angola,  1924-33 


Calendar  year 

Production 

Imports  i 

Exports 

Calendar  year 

Production 

Imports  i 

Exports 

1924 

1,000 

bushels 

(2) 

(2) 

55 
(2) 
(2) 

1,000 
bushels 
(2) 
122 
132 
146 
158 

1,000 

bushels 

1 

7 

8 

55 

86 

1929 

1,000 
bushels 
296 

(2) 
(2) 
(2) 
(2) 

1,000 
bushels 
(2) 
213 
268 
146 
(2) 

1,000 
bushels 
140 

1925 

1930 

169 

1926 

1931 

173 

1927 

1932 

201 

1928 

1933  . 

297 

1  Flour  converted  to  wheat  at  47  pounds  per  60-pound  bushel  of  wheat. 

2  Data  lacking. 

Economic  Conditions  in  Angola,  Department  of  Overseas  Trade  (British)  and  Consul  Cameron, 
Lourenco  Marques. 

KENYA 

TREND  OF  PRODUCTION 

Although  Kenya  is  located  on  the  equator,  wheat  production  is 
possible  because  of  the  high  elevation  of  the  inland  plateau.  In 
fact  there  are  glacier-covered  mountains  in  Kenya  which  are  over 
17,000  feet  in  elevation.  Production  is  still  of  minor  importance, 
although  it  reached  almost  1,000,000  bushels  in  1929  after  a  5-year 
period  of  rapid  expansion.  Since  that  time  wheat  production  has 
decreased.  An  average  yield  of  15.5  bushels  per  acre  was  obtained 
in  1929,  but  over  a  9-year  period  yields  have  usually  averaged  from 
7  to  9  bushels  per  acre.  This  is  to  be  compared  with  average  yields 
of  about  14  bushels  per  acre  in  the  United  States  (table  170). 

In  1931  wheat  was  grown  by  273  out  of  a  total  of  2,107  European 
farmers.  The  average  acreage  was  158  acres  per  grower.  Combine 
harvesters  are  in  common  use.  Production  is  made  difficult  by  the 
frequent  depredations  of  large  swarms  of  locusts  and  by  rust  and 
other  wheat  diseases. 

During  recent  years  400,000  to  500,000  bushels  of  wheat  have  been 
milled.  There  has  been  an  exportable  surplus  of  as  much  as  492,000 
bushels  per  year.  Prior  to  1926  exports  amounted  to  less  than 
10,000  bushels.  In  1931  and  1932  exports  fell  considerably;  in  1932 
there  was  a  deficit,  and  imports  amounted  to  195,000  bushels. 
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Table  170. — Wheat:  Acreage,  production,  and  foreign  trade  in  Kenya,  192.^-33 


Calendar 
year 

Acre- 
age1 

Pro- 
duc- 
tion « 

Yield 
per 
acre 

Milled^ 

Ex- 
ports 3 

Calendar 
year 

Acre- 
age 1 

Pro- 
duc- 
tion 1 

Yield 
per 
acre 

Milled? 

Ex- 
ports 3 

1924 

1,000 
acres 

24 
31 
47 
75 
83 

1,000 
bushels 
204 
267 
402 
580 
760 

Bush- 
els 
8.5 
8.6 
8.6 
7.7 
9.2 

1,000 
bushels 

~~~212~ 
225 
299 
415 

1,000 
bushels 

w 

4 

11 

14 
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1929 

1,000 
acres 
5  63 
69 
43 
30 
35 

1,000 
bushels 
5  978 
648 
290 
212 
485 

Bush- 
els 
15.5 
9.4 
6.7 
7.1 
13.9 

1,000 
bushels 
510 
495 
391 
407 
430 

1,000 
bushels 
206 

1925 

1930 

492 

1926 

1931 

186 

1927 

1932 

75 

1928 

1933 

98 

1  Europeans  only. 

2  Period  ended  in  the  following  year:  November  1926  to  1929,  July  1933,  February  1931  to  1933. 

3  Includes  flour  calculated  at  47  pounds  per  bushel  of  wheat.    Years  ended  July  31,  1924-26  (exports  from 
Mombasa  only),  calendar  year  thereafter. 

4  Insignificant  quantity. 

5  Natives  grew,  in  addition,  914  acres  and  produced  12,000  bushels. 

Agricultural  census  reports. 

Wheat  production  is  not  likely  to  exceed  consumption  require- 
ments in  Kenya  and  adjoining  territories.  Consumption  is  not 
likely  to  increase  more  rapidly  than  the  European  population. 

AGRICULTURAL   LEGISLATION 

In  September  1930,  a  law  went  into  effect  whereby  the  Govern- 
ment appoints  exclusive  agencies  for  all  wheat  grown  in  the  colony. 
These  agencies  must  sell  only  to  registered  millers,  and  the  latter 
may  purchase  wheat  only  from  authorized  agencies.  The  demands 
of  the  colony  and  of  other  eastern  territories  must  be  supplied  to 
the  satisfaction  of  the  colony  before  sales  may  be  made  elsewhere. 
Uniform  prices  are  established  within  the  colony,  and  each  agency 
must  bear  (to  an  extent  proportionate  to  the  quantity  of  wheat 
handled  by  such  agency)  the  difference,  if  any,  between  the  export 
value  of  wheat  and  its  selling  price  in  the  colony,  consideration  be- 
ing given  to  the  ratio  between  the  wheat  exported  from  the  colony 
by  all  agencies  and  the  quantity  sold  for  consumption  within  the 
colony  or  any  other  east  African  territory. 

MISCELLANEOUS  GRAINS 

KAFIR 

Kafir  is  a  favorite  item  in  the  diet  of  the  natives  except  in 
Uganda  and  more  humid  areas,  where  plantains,  millets,  cassava, 
sweetpotatoes,  and  beans  are  more  important  in  the  native  diet.  It 
is  in  the  arid  areas  that  kafir  predominates.  Yields  per  acre  among 
European  farmers  in  the  Union  of  South  Africa  are  about  6  or  7 
bushels,  in  Basutoland  about  12  bushels,  and  in  the  Rhodesias  only 
about  5  or  6  bushels  per  acre.  In  these  13  countries,  with  about 
2,000,000  Europeans  and  nearly  30,000,000  natives,  kafir  production 
amounts  to  approximately  41,000,000  bushels  per  year,  which  is  one- 
third  as  much  as  the  production  of  corn.  Of  this,  only  about  1,000,000 
or  1,500,000  bushels  are  produced  by  Europeans  in  the  Union  and 
practically  none  by  Europeans  elsewhere. 
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Kafir:  Approximate  production  in  south  and  east  Africa,  1930-31 

Country  Bushels 

Mozambique yw  (m  ^ 

Angola 


Country 

BusheU 

Union  of  South  Africa 

1  5,  000'.  000 

Basutoland 

900,000 

Swaziland 

2 150,  000 

Becliuanaland 

850,  000 

South-West  Africa 

3 1.  250,  000 

Southern  Rhodesia 

5,  000,  000 

Northern  Rhodesia 

1,  000, 000 

Nyasaland 

3,  000,  000 

Tanganyika 6,  500,  000 

Kenya  , 5  5,  000, 000 

Uganda 2,  000,  000 

Total 40,  650,  000 


BARLEY,  OATS,  AND  RYE 

The  other  small  grains — barley,  oats,  and  rye — are  produced  scarcely 
at  all  by  natives  and  in  very  small  quantities  by  Europeans. 
In  the  Union  the  area  of  barley  harvested  for  grain,  chiefly  near 
Capetown  and  primarily  for  brewing  purposes,  amounted  in  1929-30 
to  110,000  acres.  The  production  was  2,200,000  bushels.  The  acre- 
age of  oats  reaped,  chiefly  near  Capetown,  was  687,000  acres  and  the 
production  9,400,000  bushels.  Rye  acreage  was  only  148,000  acres, 
and  the  production  1,350,000  bushels.  The  production  in  that  year 
was  unusually  high  for  all  three  of  these  grains,  but  no  permanent 
upward  trend  is  evident.  In  Kenya  barley  and  oat  acreage  is  slightly 
above  2,000  acres,  but  rye  is  insignificant.  Elsewhere  these  grains 
do  not  merit  mention. 

A  considerable  acreage  of  these  grains  in  relation  to  the  total, 
especially  in  the  Union,  is  grown  for  grazing  or  for  fodder  but  not 
for  grain.  The  production  of  these  grains  in  south  and  east  Africa 
will  not  increase  significantly  because  of  adverse  climate,  limited  de- 
mand for  brewing,  the  small  number  of  horses,  and  the  vast  grazing 
lands  that  make  the  feeding  of  grain  to  livestock  unnecessary.  Where 
feed  is  needed  for  livestock,  corn  and  kafir  are  more  promising  crops 
to  grow. 

PEANUTS 

Peanuts  should  be  mentioned  as  an  important  related  crop,  espe- 
cially among  the  natives.  Peanut  production  is  especially  important 
in  the  Union  of  South  Africa,  Southern  Rhodesia,  the  two  Portu- 
guese colonies,  and  the  three  east  African  countries.  In  the  Union 
of  South  Africa  and  Southern  Rhodesia  most  of  the  peanuts  are 
grown  by  Europeans,  while  in  the  other  countries  peanuts  are  grown 
by  natives  for  their  own  consumption  and  significant  quantities  are 
exported.  Commercial  production  has  declined  since  1930  on  ac- 
count of  low  prices,  but  this  is  doubtless  only  a  temporary  condition. 
The  peanuts  are  chiefly  of  the  Valencia  type  used  for  obtaining  oil, 
although  to  a  certain  extent  Virginia  Jumbo,  Virginia  Bunch,  and 
Spanish  peanuts  are  being  grown,  especially  in  east  Africa. 

In  the  Union  of  South  Africa  European  farms  produced  20,000.000 
pounds  of  peanuts  in  1929-30,  not  including  about  3,000,000  pounds 

1  Grown  on  about  800,000  acres.  Includes  1,000,000  to  1,500,000  bushels  grown  by 
Europeans. 

2  Includes  about  12,000  bushels  grown  by  Europeans. 

3  Includes  1,000  to  13,000  bushels  grown  by  Europeans. 

4  Includes  production  from  6,000  acres  grown  by  Europeans. 

5  Including  millets. 

96389°— 35 22  ' 


338     TECHNICAL   BULLETIN    4  6  6,    U.    S.    DEPT.    OF    AGRICULTURE 

grown  by  natives.  Acreage  on  European  farms  increased  from  6,557 
acres  in  1917-18  to  29,274  acres  in  1929-30. 

In  Southern  Rhodesia  the  acreage  grown  by  Europeans  increased 
from  5,881  acres  in  1923-24  to  9,674  acres  in  1928-29  but  then  declined 
to  6,007  acres  in  1931-32.  Production  in  Southern  Rhodesia  reached 
5,244,000  pounds  in  1928-29.  If,  and  when,  export  prices  again  be- 
come profitable,  production  will  probably  be  increased  to  15,000,000 
or  20,000,000  pounds  within  5  or  10  years.  In  1932  Southern  Rho- 
desia exported  3,300,000  pounds,  chiefly  to  nearby  countries. 

Exports  from  this  colony  amounted  to  55,000,000  pounds  in  1930, 
besides  2,000,000  pounds  of  peanut  oil.  Exports  have  increased  mate- 
rially since  1911. 

In  Tanganyika  peanuts  are  commonly  grown.  In  1929-30  natives 
produced  71,000,000  pounds  on  130,000  acres.  A  large  part  of  the 
crop  was  used  by  the  natives  for  their  own  consumption,  and  38,- 
826,000  pounds  were  exported.  As  early  as  1913  peanut  exports 
were  20,000,000  pounds,  second  only  to  sisal  in  weight  exported.  At 
one  of  the  experiment  stations  plot  yields  have  ranged  from  2,000 
to  3,000  pounds  of  unshelled  nuts  per  acre.  The  peanuts  are  bought 
by  Indian  and  Arab  traders  through  a  system  of  barter  for  cloth, 
salt,  beads,  and  some  cash.    This  does  not  encourage  production. 

In  Kenya  peanuts  are  not  grown  by  Europeans,  but  in  1929-30 
the  natives  grew  13,000  acres  and  produced  5,000,000  pounds,  an 
average  of  385  pounds  per  acre,  as  compared  with  an  average  yield 
of  700  pounds  per  acre  obtained  in  the  United  States.  Exports  from 
the  colony  increased  from  103,000  pounds  in  1914  to  3,971,000  pounds 
in  1929,  but  have  since  declined. 

In  Uganda  the  natives  grew  104,000  acres  of  peanuts  in  1931, 
chiefly  for  local  consumption.  Exports  in  1930  were  2,887,000 
pounds,  but  this  figure  was  unusually  high. 

In  Mozambique  production  of  shelled  peanuts  by  Europeans  is 
reported  as  follows:  In  1929-30,  16,000  acres  produced  3,921,000 
pounds  of  shelled  nuts  (245  pounds  per  acre),  but  this  does  not 
include  large  quantities  produced  by  natives.  Most  of  the  natives' 
production  is  for  their  own  consumption,  but  in  addition  the  natives 
in  the  districts  of  Manica  and  Safola  brought  to  market  2,365,000 
pounds  in  1928,  while  the  other  natives  in  the  colony,  in  1929-30, 
marketed  64,500,000  pounds. 
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INTRODUCTION 

Conditions  in  most  localities  are  more  favorable  for  pasture 
growth  in  the  spring  than  in  the  late  summer  months,  hence,  there 
is  likely  to  be  more  grass-  in  the  spring  than  the  dairy  herd  can  con- 
sume and  not  enough  later  in  the  season  to  meet  the  needs  of  the  herd. 

If  the  size  of  the  pasture  is  such  that  it  will  supply  the  right 
amount  of  grass  for  a  given  number  of  cows  during  the  season  of 
most  rapid  growth,  then  that  same  pasture  will  not  provide  enough 
for  the  cows  during  the  season  of  slower  growth.  If  the  size  of  the 
pasture  is  adjusted  to  meet  the  needs  of  a  certain  number  of  cows 
during  the  season  of  slowest  growth,  the  grass  will  become  too  ma- 
ture during  the  season  of  most  rapid  growth,  for  it  will  grow  faster 
than  the  cows  can  consume  it. 

Grasses  are  very  different  in  their  nutritive  composition  at  differ- 
ent stages  of  maturity.  Immature  grass  is  relatively  high  in  protein 
and  low  in  crude  fiber.  As  the  grass  matures  the  percentage  of  pro- 
tein decreases  and  that  of  crude  fiber .  increases.  The  immature 
grass  has  a  composition  that  makes  it  more  efficient  for  milk  pro- 
duction than  mature  grass.  Consequently  a  pasture  that  is  under- 
grazed  during  the  season  of  most  rapid  growth  will  soon  have  a 
stand  of  grass  that  is  too  mature  for  efficient  milk  production. 

Cows  usually  increase  somewhat  in  their  milk  flow  when  turned 
on  good  pasture  in  the  spring,  but  it  is  very  common  in  many  sec- 
tions for  their  milk  flow  to  decline  rapidly  after  they  have  been  on 
pasture  a  few  wTeeks.    This  may  be  due  to  the  grass  having  passed 
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the  most  favorable  stage  of  maturity  for  milk  production  or  it  may 
be  due  to  an  insufficient  amount  of  grass  to  meet  the  needs  of  the 
cow  for  maintenance  and  production.  A  good  producing  cow  will 
need  to  consume  from  100  to  150  pounds  of  grass  a  day  in  order 
to  obtain  the  nutrients  she  requires.  The  exact  amount  will  depend 
on  her  size,  on  the  amount  of  milk  she  produces,  and  on  the  quality 
of  the  grass.  A  pasture  must  be  good  to  supply  this  amount  of  grass, 
but  it  is  not  easy  to  gage  a  large  pasture  and  determine  whether  it 
has  sufficient  grass,  readily  available  and  of  the  right  quality,  to 
meet  the  nutritive  needs  of  a  herd  of  dairy  cows. 

If  a  pasture  is  sufficiently  good  one  week,  can  it  be  depended  upon 
to  be  good  enough  2  weeks  later?  Or  a  month  later?  How  rapidly 
does  a  pasture  change  from  good  to  bad?  What  is  the  difference  in 
carrying  capacity  of  a  pasture  from  one  season  to  another?  To 
throw  some  light  on  these  questions  the  writers  have  made  use  of 
the  available  data  at  the  various  stations  of  the  Bureau  of  Dairy 
Industry  and  have  supplemented  these  with  data  from  eight  other 
stations. 

SOURCES  OF  DATA  AND  THE  METHOD  OF  PRESENTATION 

The  information  presented  in  this  publication  is  based  on  data 
obtained  from  pasture  studies  at  the  United  States  Dairy  Experi- 
ment Station  at  Beltsville,  Md.,  at  the  various  field  stations  of  the 
Bureau  of  Dairy  Industry,  at  cooperating  State  experiment  sta- 
tions, and  from  published  results  of  other  pasture  studies. 

Practically  all  the  data  used  in  this  study  represent  measured 
areas  of  pasture  grasses  that  were  clipped  at  stated  intervals.  From 
the  weights  of  the  grass  (dry-matter  basis)1  obtained  at  each  clipping 
the  writers  have  calculated  the  average  daily  yield  of  dry  matter 
per  acre,  by  dividing  the  total  dry  weight  of  the  clipping  by  the 
number  of  days'  growth  it  represented,  for  such  periods  of  the  graz- 
ing season  as  was  possible  from  the  data  available.  The  yield  of 
dry  matter  per  day,  which  gives  an  indication  of  the  rate  of  growth 
of  the  grass,  is  shown  in  tabular  form  for  each  pasture  studied. 

To  make  the  data  more  readily  understood  by  those  accustomed 
to  thinking  of  pasture  in  terms  of  the  number  of  acres  required  to 
support  a  cow,  the  writers  have  also  calculated,  for  each  period  for 
which  the  yield  of  dry  matter  is  available,  the  acreage  that  would 
be  required  to  provide  sufficient  nutrients  for  the  maintenance  of 
a  1,000-pound  cow  and  for  the  daily  production  of  25  pounds  of 
milk  having  a  butterfat  content  of  4  percent.  A  cow  of  this  size 
and  with  this  production  will  require  16.125  pounds  of  total  digest- 
ible nutrients  per  day,  on  the  basis  of  the  Morrison  standard.  The 
relation  between  the  digestible  nutrients  and  dry  matter  was  arrived 
at  by  applying  digestion  coefficients  to  average  pasture  grass.  The 
digestion  coefficient  (69  percent  of  dry  matter)  used  in  these  cal- 
culations represents  an  average  between  that  reported  by  Armsby 
(l)2  and  that  secured  at  the  Beltsville  station,  both  of  which  were 


1  Samples  of  grass  from  the  United  States  field  stations  at  Beltsville,  Md.,  Jeanerette, 
La.,  and  Huntley,  Mont.,  were  analyzed  for  their  dry-matter  content  by  C.  B.  Parker, 
junior  chemist,  Bureau  of  Dairy  Industry. 

2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  20. 


CARRYING  CAPACITY  OF  PASTURES  FOR  DAIRY  COWS  IN   MILK  3 

based  on  digestion  trials  with  green  grass.  The  amount  of  dry 
matter  required  to  provide  16.125  pounds  of  digestible  nutrients 
on  this  basis  is  23.4  pounds. 

Although  the  average  daily  production  of  dry  matter  as  shown 
in  the  various  tables  gives  an  indication  of  the  rate  of  growth  of 
the  grass,  it  seemed  desirable  to  present  the  data  in  graphs  also  in 
order  that  the  reader  might  better  visualize  the  seasonal  growth  of 
the  grass. 

In  preparing  the  graphs  from  the  tables  the  average  number  of 
pounds  of  dry  matter  produced  per  acre  per  day  was  plotted  at  the 
mean  of  the  period  of  growth.  For  example,  see  figure  lrA.  The 
first  clipping  in  1929  was  made  May  10,  and  represented  40  days' 
growth,  assuming  that  growth  began  April  1.  The  average  yield 
of  dry  matter  per  acre  per  day  as  shown  in  table  2  was  11.7  pounds 
for  the  40-day  period.  This  number  was  plotted  (fig.  1,  A)  at  the 
mean  of  the  period,  which  was  April  20.  The  second  clipping  was 
on  May  21,  and  represented  the  11  days'  growth  between  May  10 
and  May  21.  The  average  daily  yield  of  dry  matter  per  acre  for 
this  11-day  period  was  19.4  pounds.  This  number  was  plotted  (fig. 
1,  A)  at  the  mean  of  the  second  period,  which  was  May  15,  and  so 
on  for  all  subsequent  periods  of  growth.  Although  the  graphs  fail 
to  depict  accurately  the  maximum  growth  or  the  exact  time  that 
the  growth  took  place,  there  seems  to  be  no  better  way  to  show  the 
seasonal  growth  of  grasses  on  the  basis  of  the  data  available. 

YIELD  OF  DRY  MATTER  PER  ACRE  PER  DAY  AND  THE  ACREAGE 
REQUIRED  TO  SUPPORT  ONE  MILKING  COW 

RESULTS  AT  BELTSVILLE,  MD. 

MIXTURE    OF    KENTUCKY    BLUEGRASS,    ORCHARD    GRASS,    AND    WHITE    CLOVER 

In  the  spring  of  1929  a  Vi-acre  plot  (plot  1)  in  a  5-year-old  perma- 
nent pasture  was  fenced  off  for  the  purpose  of  determining  the 
seasonal  growth  of  the  grass.  This  pasture  would  be  termed  good 
for  the  locality  represented.  The  predominating  plants  on  plot  1, 
in  the  order  of  their  prevalence,  during  the  four  seasons  studied, 
were  as  follows :  1929,  orchard  grass,  Kentucky  bluegrass,  and  white 
clover;  1931,  Kentucky  bluegrass,  orchard  grass,  and  white  clover: 
1932,  white  clover,  Kentucky  bluegrass,  and  orchard  grass;  1933, 
Kentucky  bluegrass,  white  clover,  and  orchard  grass. 

The  orchard  grass  was  gradually  replaced  by  Kentucky  bluegrass 
and  white  clover.  As  a  rule  the  grasses  predominated  in  the  spring 
and  the  white  clover  in  the  summer.  In  1932,  however,  the  white 
clover  predominated  in  both  spring  and  summer.  Before  this  plot 
was  fenced  off,  the  pasture  had  been  generously  manured  but  no 
lime  or  fertilizer  had  been  applied  since  the  pasture  was  first  seeded 
in  1924  until  the  spring  of  1933  when  certain  portions  were  treated 
with  lime  and  superphosphate. 

The  plan  was  to  clip  this  ^2-acre  pl°t  b/ick  to  a  height  of  2  inches 
every  10  days  with  an  ordinary  horse-drawn  mower  equipped  with  a 
collecting  pan  on  the  back  of  the  cutter  bar.  It  was  found  in  many 
cases,  however,  that  the  10  days'  growth  was  not  high  enough  to  be 
clipped  and  the  clippings  recovered.     In  such  cases  clipping  was 
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deferred.  As  the  season  of  1930  was  excessively  dry  and  not  repre- 
sentative of  any  usual  season,  it  was  thought  that  the  data  on  the 
clippings  would  serve  no  practical  purpose,  and  for  this  reason  they 
are  omitted  from  this  report. 

The  precipitation  at  Beltsville,  Md.,  for  the  four  seasons  is  shown 
in  table  1. 


Table  1. 


-Monthly  precipitation   {in  inches)    at  Beltsville,  Md. 
pasture  seasons  studied 


for  the  four 


Season 

March 

April 

May 

June 

July 

August 

Septem- 
ber 

October 

1929                 - 

2.64 
3.84 
5.59 
3.22 

6.48 
2.20 
2.45 
5.43 

2.92 
3.87 
4.94 
4.37 

7.09 
4.75 
3.72 
3.88 

1.06 
4.58 
2.70 
5.51 

1.65 
7.96 
1.53 
10.51 

2.33 
1.22 
3.67 
1.98 

4.43 

1931        

1.16 

1932    

6.38 

1933 

1.97 

Precipitation  in  the  summers  of  1929  and  1932  was  below  normal. 
The  first  part  of  the  1931  season  was  cold,  which  together  with  the 
drought  of  the  preceding  year  hindered  the  growth  of  the  grass  early 
in  the  season.  The  heavy  rains  in  August  of  1931  and  1933  caused 
a  big  increase  in  the  yields.  The  influence  of  these  rains  on  the 
yield  of  grass  on  plot  1  is  readily  seen  in  table  2  and  in  figure  1,  A. 
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Table  2  shows  that  in  each  of  the  four  seasons  the  greatest  growth 
of  grass  on  plot  1  occurred  in  May.  The  greatest  growth  after 
May  was  in  June,  July,  August,  or  September,  depending  on  the 
rainfall.  The  variation  in  the  latter  part  of  the  season  is  tremen- 
dous. The  growth  in  August  or  September  may  be  20  times  as 
much  in  some  years  as  it  is  in  others. 

The  total  yield  of  dry  matter  for  a  year  aiso  varied  greatly  but 
not  so  much  as  the  seasonal  yield.  In  1929  the  total  yield  of  drv 
matter  was  1,302  pounds;  in  1931,  2,112  pounds;  in  1932,  1,47 f 
pounds;  and  in  1933,  2,639  pounds.  From  these  yields  for  the 
four  seasons  it  is  estimated  that  1  acre  would  have  provided  the 
nutrients  required  by  one  milking  cow  for  56,  90,  63,  and  113  days, 
respectively.  This  pasture  yielded  twice  as  much  in  1933  as  in  1929. 
The  seasonal  growth  of  the  grass  is  shown  in  figure  1,  A. 
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Figure  1. — Seasonal  growth  of  grasses  at  Beltsville,  Md.,  1929  and  1931-33  :  A,  Ken- 
tucky bluegrass,  orchard  grass,  and  white  clover  (plot  1)  ;  B,  an  old  pasture  of 
Kentucky  bluegrass  and  white  clover  (plots  2  and  3),  a  new  pasture  of  Kentucky  blue- 
grass,  orchard  grass,  and  redtop  (plot  4),  and  Reed  canary  grass  (plot  5). 


MISCELLANEOUS    PASTURE    PLOTS 


Later  two  more  plots  (plots  2  and  3)  in  the  same  pasture  as  plot 
1  were  fenced  off  and  clipped  in  the  same  way.  The  only  material 
difference  between  these  two  plots  and  plot  1  was  that  plot  2  was 
located  on  a  soil  of  a  little  greater  fertility  than  plot  1,  and  plot  3 
had  received  an  application  of  manure  at  the  rate  of  16  tons  to  the 
acre.    Plot  2  was  clipped  in  1932  and  in  1933 ;  plot  3  only  in  1933. 

In  addition,  two  other  plots  were  clipped  for  study.  One  of  these, 
plot  4,  was  a  pasture  mixture  2  years  old  in  which  the  plants  in 
order  of  predominance  were  Kentucky  bluegrass,  orchard  grass, 
and  redtop.  The  other,  plot  5,  was  a  somewhat  imperfect  stand  of 
Reed  canary  grass,  2  years  old.  Plots  4  and  5  were  clipped  only 
during  the  season  of  1931.  The  yield  of  dry  matter  and  the  esti- 
mated carrying  capacity  of  plots  2,  3,  4,  and  5  are  shown  in  table  2. 

Plot  2  yielded  2,035  pounds  of  dry  matter  per  acre  in  1932  and 
3,416  pounds  in  1933;  plot  3  yielded  3,665  pounds  in  1933;  plot  1 
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yielded  2,518  pounds  in  1931;  and  plot  5  yielded  2,219  pounds  in 
1931.  These  yields  were  sufficient  to  provide  the  nutrients  for  87, 
146,  157,  108,  and  95  cow-days  respectively.  The  seasonal  growth 
of  grass  on  plots  2,  3,  4,  and  5  is  shown  in  figure  1,  B. 

PLUCKED  PLOTS  IN  FERTILIZED  AND  UNFERTILIZED  PASTURES 

The  influence  of  a  complete  fertilizer  on  the  yield  of  pasture  grass 
is  being  determined  at  the  Beltsville  station  by  the  Bureau  of  Dairy 
Industry  in  cooperation  with  the  Bureau  of  Plant  Industry.  In  each 
of  two  fields,  one  fertilized  and  the  other  unfertilized,  that  are  being 
grazed  by  dairy  cattle,  one  or  more  plots  10  feet  square  have  been 
fenced  off.  At  intervals  throughout  the  grazing  season  these  plots 
(plots  6,  7,  8,  and  9)  are  plucked  by  hand  to  a  height  approximately 
the  same  as  that  to  which  the  surrounding  grass  has  been  grazed.  As 
the  grass  is  ordinarily  grazed  closer  in  the  latter  part  of  the  season 
than  during  the  first  part,  the  pluckings  fail  to  show  the  actual  sea- 
sonal growth  as  accurately  as  the  clippings  do.  But  they  do  represent 
more  accurately  the  amount  of  grass  ordinarily  grazed  by  cattle. 

Kentucky  bluegrass  was  the  predominating  grass  in  both  the  fer- 
tilized and  unfertilized  pastures.  The  legumes  in  the  fertilized  pas- 
tures were  present  only  in  small  amounts,  but  in  the  unfertilized  pas- 
ture common  lespedeza  gradually  increased  in  prevalance  until  in 
1933  the  growth  after  July  1  consisted  mostly  of  the  lespedeza. 
Plots  7  and  8  were  located  on  a  different  pasture,  which  was  similar 
to  that  on  which  plot  6  was  located.  Plots  7  and  8  differ  from  each 
other  only  with  respect  to  the  form  in  which  the  nitrogen  was  ap- 
plied.    Plot  9  was  in  the  unfertilized  pasture. 

The  yields  of  dry  matter  and  the  estimated  carrying  capacity  of 
the  fertilized  pastures  (plots  6,  7,  and  8)  and  of  the  unfertilized 
pasture  (plot  9)  are  shown  in  table  3. 
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The  total  yields  of  dry  matter  per  acre  for  the  season  on  the  3 
plots  of  the  fertilized  pastures  were  as  follows :  Plot  6,  5,828  pounds 
in  1931,  and  3,595  pounds  in  1932;  plot  7,  5,244  in  1933;  and  plot 
8,  5,534  pounds  in  1933.  These  yields  were  sufficient  for  249,  154, 
224,  and  236  cow-days  of  grazing,  respectively. 

Total  yields  of  dry  matter  on  the  unfertilized  pasture  (plot  9) 
were  4,726  pounds  in  1931;  2,578  pounds  in  1932,  and  4,300  pounds 
in  1933,  or  enough  for  202,  110,  and  184  cow-days  of  grazing, 
respectively. 

The  seasonal  growth  of  the  grass  in  the  fertilized  plucked  plots 
is  shown  in  figure  2,  A  and  in  the  unfertilized  plucked  plots  in  figure 
2,B. 
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Figure  2. — Seasonal  growth  of  grasses,  as  determined  by  plucking,  at  Beltsville,  Md.  : 
A,  Fertilized  Kentucky  bluegrass  pasture  (plots  6,  7,  and  8)  ;  B,  unfertilized  Kentucky 
bluegrass  and  lespedeza  pasture   (plot  9). 

The  influence  of  soil  fertility  on  the  seasonal  growth  of  grass  can 
be  seen  in  figure  1  by  comparing  plot  1  with  plots  2,  3,  4,  and  5.  The 
latter  were  similar  to  plot  1  except  that  they  were  more  fertile  due 
to  the  applications  of  manure.  It  will  be  noted  that  while  the  more 
fertile  plots  yielded  heavier  than  the  less  fertile  plot  the  seasonal 
growth  followed  the  same  trend  in  both  instances. 

Figure  2,  A  depicts  the  growth  of  a  pasture  that  had  received 
generous  applications  each  year  of  a  complete  fertilizer.  Some  of 
the  nitrogen  was  put  on  at  intervals  throughout  the  grazing  season. 
Figure  2,  B  shows  the  growth  of  a  similar  pasture  except  that  it  was 
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not  fertilized.  A  comparison  of  the  two  sets  of  graphs  (fig.  2)  shows 
that  at  Beltsville,  under  the  usual  climatic  conditions,  commercial 
fertilizers  fail  to  improve  the  uniformity  of  growth. 

These  results  agree  very  well  with  those  reported  by  Vinall  and 
Hein  (10).  In  1931  they  found  that  the  approximate  monthly  pro- 
duction of  Kentucky  bluegrass  pasture,  expressed  in  percentages  of 
the  total  was  as  follows :  April,  19 ;  May,  28 ;  June,  21.4 ;  July,  18 ; 
and  August,  13.6. 

RESULTS3  AT  JEANERETTE,  LA. 

Four  plots,  varying  in  size  from  1.19  to  1.69  acres,  of  grass  pasture 
were  clipped  at  regular  intervals  at  the  Iberia  Livestock  Experiment 
Station  at  Jeanerette,  for  the  season  of  1931.  Plots  3A  and  4A.  were 
clipped  every  21  days,  and  plots  3B  and  4B  every  28  days.  The 
principal  plants  in  these  plots  were  white  clover,  Bermuda  grass, 
Dallis  grass,  Vasey  grass,  and  carpet  grass.  The  white  clover  was 
the  predominating  plant  early  in  the  season.  Then  after  a  period 
of  comparative  inactivity  the  grasses  came  on  with  the  result  that 
the  production  of  dry  matter  was  more  rapid  in  the  late  summer 
and  early  fall  than  it  was  early  in  the  season. 

The  precipitation  (in  inches)  by  months  for  the  season  of  1931  was 
as  follows:  March,  4.71;  April,  1.17;  May,  2.39;  June,  2.02;  July, 
5.48;  August,  6.07;  September,  3.36;  and  October,  3.33.  Table  4 
shows  the  yields  of  dry  matter  per  acre  per  day  and  the  estimated 
carrying  capacity  of  the  four  plots  of  grass. 

Table  4. — The  yield  of  dry  matter  per  acre  per  day  and  the  estimated  carrying 
capacity  of  four  plots  of  grass  pasture,  clipped  every  21  or  28  days,  at 
Jeanerette,  La.,  in  1931 

PLOTS  CLIPPED  EVERY  21  DAYS 


Period  of  growth 


Mar.  1  to  May  5.. 
May  5  to  May  26. 
May  26  to  June  16 
June  16  to  July  7.. 
July  7  to  July  28- 
July  28  to  Aug.  18 
Aug.  18  to  Sept.  8. 
Sept.  8  to  Sept.  29. 


Plot  3A 


Dry  matter 

per  acre  per 

day 


Pounds 


8.3 
2.4 
.9 
.7 
4.0 
7.4 
L5.2 
5.2 


Area  required 

to  support  one 

milking  cow 


2.8 
9.8 
26.0 
33.4 
5.9 
3.2 
1.5 
4.5 


Plot  4A 


Dry  matter 

per  acre  per 

day 


Pounds 

7.6 
4.0 
1.9 
1.0 
3.2 
8.7 
25.7 
4.6 


Area  required 

to  support  one 

milking  cow 


Acres 


3.1 
5.9 
12.3 
23.4 
7.3 
2.7 
.9 
5.1 


PLOTS 

CLIPPED  EVERY  28  DAYS 

Plot  3B 

Plot  4B 

Mar.  1  to  May  5 

5.5 
2.1 
1.9 
3.2 
20.4 
16.3 

4.3 
11.1 
12.3 
7.3 
1.1 
1.4 

6.7 
6.2 
5.2 
2.7 
20.1 
13.2 

3.5 

3.8 

4.5 

June  30  to  July  28.  - 

8.7 

July  28  to  Aug.  25 

1.2 

Aug.  25  to  Sept.  22 

1.8 

1  Growth  assumed  to  start  Mar.  1.     The  last  day  of  each  period  of  growth  represents 
the  date  of  clipping. 


3  The  data  were  collected  by  S.  L.  Cathcart,  agent  in   dairying,   Bureau  of  Dairy  In- 
dustry, who  is  stationed  at  the  Iberia  Livestock  Experiment  Station,  Jeanerette,  La. 
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The  total  yield  of  dry  matter  per  acre  for  the  season  on  plot  3A 
was  1,303  pounds,  on  plot  4A  1,536  pounds,  on  plot  3B  1,588  pounds, 
and  on  plot  4B  1,769  pounds.  These  yields  would  provide  nutrients 
for  56,  66,  68,  and  76  cow-days  respectively,  or  an  average  of  66 
cow- days  per  acre.  The  plots  clipped  every  28  days  yielded  18 
percent  more  than  those  clipped  every  21  days. 

The  seasonal  growth  of  the  grass  on  the  four  plots  is  shown  in 
figure  3,  A. 
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Figure  3. — Seasonal  growth  of  grasses  :  A,  Clover  and  pasture-grass  mixture  on  4  plots, 
2  of  them  (3A  and  4A)  clipped  at  intervals  of  21  days  and  2  (3B  and  4B)  at  intervals 
of  28  days,  at  Jeanerette,  La.,  in  1931;  B,  2  plots  (A  and  B)  of  a  pasture  mixture 
consisting  of  awnless  bromegrass.  orchard  grass,  tall  fescue,  perennial  ryegrass,  Ken- 
tucky bluegrass,  white  clover,  and  alsike  clover,  clipped  at  intervals  of  4  weeks  at 
Huntley,  Mont,  in  1929. 

RESULTS1  AT  HUNTLEY,  MONT. 

In  1929  at  Huntley,  Mont,  two  plots  of  pasture  mixture  (plots  A 
and  B)  were  clipped  at  intervals  of  about  4  weeks.  This  mixture 
consisted  of  awnless  bromegrass,  orchard  grass,  tall  fescue,  perennial 
ryegrass,  Kentucky  bluegrass,  white  clover,  and  alsike  clover.  As  the 
pasture  was  irrigated  several  times  during  the  season  the  precipita- 
tion was  thought  to  be  of  no  particular  significance  and  for  this 
reason  it  is  not  given  here. 

Table  5  shows  the  yield  of  dry  matter  per  acre  per  day  and  the 
estimated  carrying  capacity  of  the  two  pasture  plots. 

Table  5. — The  yield  of  dry  matter  per  acre  per  day  and  the  estimated  carrying 
capacity  of  tico  plots  at  Huntley,  Mont.,  in  1929 


Plot  A 

PlotB 

Period  of  growth  I 

Dry  mat- 
ter per 
acre  per 
day 

Area  re- 
quired for 
one  milk- 
ing cow 

Period  of  growth  i 

Dry  mat- 
ter per 
acre  per 
day 

Area  re- 
quired for 
one  milk- 
ing cow 

Pounds 
44.5 
42.3 
21.1 
16.9 

Acres 

0.5 

.6 

1.1 

1.4 

May  1  to  June  16. 

Pounds 
56.5 
39.0 
18.5 
16.8 

Acres 

0.4 

June  16  to  July  17 

.6 

July  2  to  July  28 

July  17  to  Aug.  15... 

1.3 

July  28  to  Aug.  21 

Aug.  15  to  Sept.  11 

1.4 

1  Growth  assumed  to  start  May  1.     The  last  day  of  each  period  of  growth  represents 
the  clipping  date. 


*  The  data  were  collected  by  D.  V.   Kopland,  assistant  dairy  husbandman,   Bureau  of 
Dairy  Industry,  stationed  at  the  Huntley  Field  Station,  Huntley,  Mont. 
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Plot  A  yielded  at  the  rate  of  3,695  pounds  of  dry  matter  per  acre 
for  the  season  and  plot  B  at  the  rate  of  4,855  pounds.  These  amounts 
would  provide  the  nutrients  for  158  and  207  cow-days  respectively,  or 
an  average  of  183  cow-days. 

The  seasonal  growth  of  the  grass  on  the  two  plots  (A  and  B)  is 
shown  in  figure  3,  B. 

RESULTS  ■  AT    PUYALLUP,   WASH. 

Plots  of  Kentucky  bluegrass,  of  Reed  canary  grass,  and  of  pasture 
mixture  composed  of  Italian  ryegrass,  perennial  ryegrass,  meadow 
fescue,  tall  oatgrass,  seaside  bent,  orchard  grass,  rough-stalk  meadow 
grass,  timothy,  and  the  clovers — red,  white,  and  alsike — were  clipped 
at  intervals  of  about  2  weeks  during  the  season  of  1931  at  the  Western 
Washington  Experiment  Station  at  Puyallup,  Wash.  The  pasture 
mixture  was  seeded  in  the  fall  of  1929. 

Compared  with  the  precipitation  in  the  East  and  South  in  1931  the 
rainfall  was  somewhat  lighter,  there  being  practically  none  in  the 
months  of  July  and  August.  Still  the  grass  continued  to  make  a  good 
growth.  Doubtless  this  was  due  partly  to  the  high  level  of  the  water 
table  and  partly  to  the  cool  temperature  which  prevented  the  rapid 
evaporation  of  soil  moisture.  The  mean  temperature  from  March  to 
October  inclusive  averaged  about  7°  lower  than  at  Beltsville,  Md., 
and  about  17°  lower  than  at  Jeanerette,  La. 

Table  6  shows  the  yield  of  dry  matter  per  acre  per  day  and  the 
estimated  carrying  capacity  of  Reed  canary  grass  and  of  the  pasture 
mixture  at  Puyallup  in  1931. 

Table  6. — The  yield  of  dry  matter  per  acre  per  day  and  the  estimated  carrying 
capacity  of  Reed  canary  grass  and  of  the  pasture  mixture  at  Puyallup,  Wash., 
in  1931 


Reed  canary  grass 

Period  of  growth1 

Pasture  mixture  (aver- 
age of  2  plots) 

Period  of  growth  ' 

Dry  matter 
per  acre 
per  day 

Area  re- 
quired to 
support  one 
milking 
cow 

Dry  matter 
per  acre 
per  day 

Area  re- 
quired to 
support  one 
milking 
cow 

Mar.  1  to  Mav  23 --. 

Pounds 
39.2 
64.2 
56.7 
49.3 
53.4 
41.4 
32.2 

Acres 
0.6 
.4 

.4 

!4 
.6 

.7 

Mar.  1  to  May  10 

Pounds 
32.4 
67.9 
46.2 
45.2 
54.6 
61.9 
42.8 
42.4 
40.2 
51.7 

Acres 

0  7 

May  23  to  June  20 

May  10  to  May  23 

3 

June  20  to  July  6    . 

May  23  to  June  8 

5 

July  6  to  July  21    . 

June  8  to  June  21 

June  21  to  July  3. 

5 

July  21  to  Aug.  7— 

4 

Aug.  7  to  Aug.  20 .-. 

July  3  to  July  15 

.4 

Aug.  20  to  Sept.  1 

July  15  to  July  28 

.5 

July  28  to  Aug.  12 

.6 

Aug.  12  to  Aug.  26. 

.6 

Aug.  26  to  Sept.  9.. 

.5 

Growth  assumed  to  start  Mar.  1.    The  last  day  of  each  period  of  growth  represents  the  clipping  date. 


The  yield  of  dry  matter  for  the  season  was  8,571  pounds  per  acre 
for  the  Reed  canary  grass  and  8,392  pounds  per  acre  for  the  two 
plots  of  the  pasture  mixture.  These  yields  would  provide  nutrients 
for  366  and  359  cow-days,  respectively. 

5  The  data  were  collected  by  R.  E.  Hodgson,  agent.  Bureau  of  Dairy  Industry,  U.  S. 
Department  of  Agriculture,  dairy  husbandman,  Western  Washington  Experiment  Station, 
and  assistant  in  dairy  husbandry,  Washington  Agricultural  Experiment  Station. 
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Table  7  shows  the  yield  of  dry  matter  per  acre  per  day  and  the 
carrying  capacity  of  Kentucky  bluegrass  and  the  pasture  mixture 
(clipped  every  2  weeks)  from  February  to  November,  inclusive,  at 
Puyallup  in  1931.6 

Table  7. — The  yield  of  dry  matter  per  acre  per  day  and  the  estimated  carrying 
capacity  of  Kentucky  bluegrass  and  of  a  pasture  mixture  at  Puyallup,  Wash., 
in  1931 


Kentucky  bluegrass 

Pasture  mixture 

Period  of  growth  i 

Yield  of  dry 
matter  per 
acre  per  day 

Area  required 

to  support 

one  milking 

cow 

Yield  of  dry 
matter  per 
acre  per  day 

Area  required 

to  support 

one  milking 

cow 

Pounds 

5.2 
25.7 
47.0 
40.8 
41.5 
53.8 
21.3 
40.2 
19.0 

3.6 

Acres 

4.5 
.9 
.5 
.6 
.6 
.4 

1.1 
.6 

1.2 

6.5 

Pounds 

3.8 
16.4 
40.6 
43.0 
42.3 
46.5 
20.8 
32.3 
15.1 
5.2 

Acres 

6.2 

1.4 

.6 

.  5 

.6 

Julv        

.5 

1.1 

.7 

1.5 

4.5 

'  Clippings  were  made  every  2  weeks. 

The  yield  of  dry  matter  for  the  pasture  mixture  was  8,114  pounds 
per  acre,  and  the  yield  for  the  bluegrass  was  9,097  pounds  per  acre, 
or  enough  for  347  cow-days  on  the  pasture  mixture  and  389  cow-days 
on  the  bluegrass. 

These  yields  at  Puyallup  exceed  those  at  any  of  the  other  stations 
from  which  reports  have  been  obtained  except  at  Baton  Rouge,  La. 
Seasonal  growth  of  the  grass  on  the  different  plots  is  shown  in 
figure  4.  The  uniformity  of  growth  throughout  the  season  should  be 
noted. 

RESULTS7  AT  OTHER  STATIONS 

The  seasonal  growth  of  grass  has  been  determined  by  other  inves- 
tigators at  several  experiment  stations  in  much  the  same  way  as  was 
done  at  the  stations  of  the  Bureau  of  Dairy  Industry.  Most  of 
these  results  have  been  published,  and  although  they  have  not  been 
translated  into  equivalent  carrying  capacity,  they  are  included  in 
graphic  form  in  this  bulletin  to  show  the  seasonal  variations  in 
pasture  growth  in  regions  not  covered  by  data  from  the  Bureau's 
stations.  Aside  from  the  graphs  the  only  use  made  of  the  results 
at  these  other  stations  is  to  show  the  ranges  of  variation  in  the  final 
discussion. 

Figures  5  to  8,  inclusive,  show  the  seasonal  growth  of  pasture 
grasses  in  experimental  plots  at  Burlington,  Vt.,  Ithaca,  N.  Y.,  State 
College,  Pa.,  Blacksburg,  Va.,  Clemson  College,  S.  C,  Baton  Rouge, 
La.,  Ottawa,  Canada,  and  Cambridge,  England. 


8  The  data  were  collected  by  M.  S.  Grunder,  agronomist,  Western  Washington  Experi- 
ment Station,  Puyallup,  Wash.  '  .,,... 

7  The  data  for  this  discussion  were  taken  from  various  experiment  station  publications 
(2,  k,  7,  9,  H,  1%>  Is)  and  from  unpublished  reports  received  from  W.  B.  Ellett,  chemist, 
Virginia  Agricultural  Experiment  Station,  and  R.  H.  Lush,  research  professor  in  dairy 
production,  Louisiana  Agricultural  Experiment  Station. 
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Figure   4. — Seasonal   growth   of  grasses   at   Puyallup,   Wash.,   in    1931  :   A,  Reed  canary 
grass  and  pasture  mixture  ;  B,  Kentucky  bluegrass  and  pasture  mixture. 
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Figure  6. — Seasonal  growth  of  Kentucky  bluegrass :  A,  Clipped  every  4  to  12  days  at 
State  College,  Pa.,  in  1888  and  1889;  B,  average  of  4  seasons  (1909-12)  at  Blacks- 
burg,  Va. 
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Figure  7. — Seasonal  growth   of  grasses ;  A,  Bermuda  grass   clipped   every   2    weeks  at 
Clemson  College,   S.  C. ;  B,  pasture  mixture  at  Baton  Rouge,  La. 
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From  the  yields  of  dry  matter  per  acre  per  day,  the  carrying 
capacity  of  the  different  pastures  reported  in  this  study  has  been 
computed  for  each  month  of  the  grazing  season.  Table  8  shows 
the  seasonal  range  in  carrying  capacity  as  indicated  by  the  area 
required  to  support  one  milking  cow  during  the  month  the  pasture 
was  at  its  best  and  the  month  it  was  at  its  poorest. 

Table  8. — Range  in  carrying  capacity  of  the  various  pastures  as  indicated  by 
the  area  required  to  support  one  milking  cow  during  the  month  the  pasture 
was  at  its  best  and  the  month  it  was  at  its  poorest 


Crop 

Plot 
no. 

Year 

Carrying  capacity  when  pasture  was— 

Best 

Poorest 

Station 

Month 

Area 
re- 
quired 
per 
cow 

Month 

Area 
re- 
quired 
per 
cow 

Kentucky  bluegrass,  or- 
chard grass,  and  white 

|2_... 
18.— 

4— 

5.— 

f6..._ 

17— 
18.... 

9-.- 

(3A__ 

Ua.. 

]3B-_ 

Ub_. 

{£::: 

fl929 
11931 
11932 
11933 
J1932 
\1933 
1933 

1931 
1931 
/1931 
\1932 
1933 
1933 
(.1931 
h932 
U933 
1931 
1931 
1931 
1931 
1929 
1929 
1931 
1931 
1931 
1931 
1925 
1926 
1915 
1916 
1915 
1916 
1888 
1889 
1909 
1910 
1911 
1912 
1929 
1930 
1931 
1927 
1925 
1926 

May 

August 

May 

do 

do 

....do 

do 

do 

do 

do. 

do 

do 

do 

June 

May 

do. 

August 

.—do 

do 

do 

May 

do 

June 

May 

July 

do 

June 

do. 

May 

June 

May 

do 

do 

do 

June 

July 

June 

May 

do 

August 

April 

May 

do 

July 

Acres 
1.6 
1.5 
1.1 
.8 
.9 
.8 
.8 

.8 

1.4 

.5 

.4 

.4 

.4 

.5 

.6 

.7 

2.1 

1.5 

1.2 

1.2 

.5 

.4 

.4 

.5 

.5 

.4 

1.1 

2.1 

2.9 

2.1 

1.4 

1.9 

2.1 

1.7 

1.2 

.9 

2.5 

3.4 

1.4 

.4 

.4 

.6 

.7 

1.0 

August 

July 

August 

July 

August 

July — 

do . 

do 

do 

do 

August 

do 

June 

July 

August 

April 

June 

do. 

do 

July 

August 

do 

do 

do. 

do 

do 

September . 

do 

July 

August 

July 

August 

do. 

September. 

do 

do 

do 

do 

do 

March 

June. 

August 

July 

April 

Acres 
22.9 

2.6 
15.7 

2.4 
12.3 

1.8 

1.4 

2.1 

Beltsville,  Md . 

Kentucky  bluegrass,  or- 
chard grass,  and  red- 
top 

Reed  canary  grass 

Kentucky  bluegrass 

Kentucky  bluegrass  and 
lespedeza 

2.6 
1.3 
6.9 
1.4 
1.5 
3.2 
3.7 
6.7 
28.9 
15.8 

Huntley,  Mont 

do 

12.2 

5.3 

1.4 

1.3 

.6 

.5 

Puyallup,  Wash 

i—do 

1.1 
1.1 

5.1 

Burlington,  Vt 

\— .do 

4.0 
5.7 

Ithaca,  N.  Y 



5.3 

l_— do 

/Kentucky  bluegrass. .    . 

8.7 
6.3 

State  College,  Pa 

Blacksburg,  Va 

Clemson  College,  S.  C_ 

\---do 

( do 

J.. ..do 

i-...do 

I— .do — - 

------ 

4.8 
7.3 
8.6 
18.4 
16.1 
2.9 

.7 

Baton  Rouge,  La 

\--do . 

1.0 
3.6 

4.0 

Cambridge,  England. . 

\--do 

1.5 

1.1 

6.0 

The  pastures  varied  tremendously  in  total  yield  of  dry  matter 
per  acre  for  the  season.  The  lowest  yield  was  710  pounds  per  acre 
and  the  highest  was  10,124  pounds  per  acre.  The  lowest  yield  pro- 
vided enough  feed  for  30  cow-days,  the  highest  enough  for  433  cow- 
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days.  The  average  yield  for  the  12  places  represented  in  the  study 
was  3,486  pounds,  or  enough  for  149  cow-days. 

The  amount  of  nutrients  provided  by  an  acre  of  the  lowest  yield- 
ing pasture  would  have  been  contained  in  949  pounds  of  alfalfa 
hay;  by  an  acre  of  the  highest  yielding  pasture,  in  13,538  pounds  of 
alfalfa;  and  by  an  acre  of  the  average  pasture,  in  4,662  pounds  of 
alfalfa.  On  the  whole,  these  pastures  yielded  very  well  and  were 
probably  much  above  the  average. 

The  total  yield  varied  not  only  with  the  different  pastures  and 
places  but  also  from  year  to  year  on  the  same  pasture.  Two  ex- 
treme examples  are  as  follows:  A  plot  at  Beltsville,  Md.,  yielded 
enough  for  56  cow-days  in  1929  and  enough  for  113  cow-days  in 
1933;  two  plots  at  Blacksburg,  Va.,  yielded  over  twice  as  much  in 
1910  as  they  did  in  1911. 

DISCUSSION 

As  a  rule  the  greatest  growth  of  grass  at  the  various  places  took 
place  early  in  the  grazing  season,  except  at  the  two  stations  in 
Louisiana.  The  heavy  growth  in  August  in  Louisiana  was  prob- 
ably due  partly  to  the  generous  rainfall  during  that  month  and 
partly  to  the  presence  of  Bermuda  grass  and  crabgrass.  These 
grasses  have  the  habit  of  making  most  of  their  growth  in  the  latter 
part  of  the  season. 

At  Beltsville,  in  1929,  the  yield  was  13  times  as  much  for  the 
month  of  May  as  for  the  month  of  August.  At  Jeanerette,  La., 
in  1931,  the  yield  was  14  times  as  much  in  August  as  in  June.  On 
the  other  hand,  at  Beltsville,  in  1931,  one  pasture  yielded  only  1.7 
times  as  much  during  the  best  month  as  it  did  during  the  poorest 
month.  At  Puyallup,  Wash.,  in  1931,  one  pasture  yielded  almost 
the  same  in  the  poorest  month  as  in  the  best  month.  At  Cambridge, 
England,  in  1926,  one  pasture  yielded  only  1.5  times  as  much  in  the 
best  as  in  the  poorest  month.  The  average  yield  of  the  44  pastures 
was  over  five  times  as  much  in  the  best  month  as  in  the  poorest 
month.  Only  3  or  4  of  the  44  pastures  yielded  uniformly  enough 
so  that  a  herd  of  cows  could  be  maintained  on  a  given  area  through- 
out the  season  without  the  grass  becoming  either  too  mature  or 
too  short. 

The  range  in  carrying  capacity  depends  to  a  large  extent  upon 
the  water  content  of  the  soil  and  this  in  turn  is  influenced  by  the 
amount  of  rain  that  soaks  into  the  ground,  and  by  atmospheric  con- 
ditions affecting  the  rate  of  evaporation.  No  doubt  the  relatively 
uniform  growth  of  grass  in  England  is  due  to  the  gentle  rains,  cool 
temperatures,  and  cloudy  weather.  Keports  show  a  summer  rainfall 
there  that  would  be  considered  low  over  much  of  the  United  States. 
The  uniform  growth  of  grass  at  Puyallup,  Wash.,  can  likewise  prob- 
ably be  explained  by  the  high  level  of  the  water  table  and  the  cool 
weather,  for  there,  too,  the  summer  rainfall  was  light.  At  Belts- 
ville, also,  there  are  times  in  late  summer  after  generous  rains  when 
the  growth  may  be  as  rapid  as  in  the  spring.  The  amount  of  soil 
moisture  seems  to  affect  the  growth  more  than  any  other  factor. 

The  kinds  of  plants  growing  in  the  pasture  also  have  an  influence 
on  the  seasonal  growth.  For  example,  Kentucky  bluegrass,  orchard 
grass,  and  ryegrass,  under  usual  conditions,  make  the  greater  part 
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of  their  growth  early  in  the  season ;  the  lespedezas,  Bermuda  grass, 
and  crabgrass  make  most  of  their  growth  later  in  the  season.  A  mix- 
ture of  early-  and  late-growing  plants  will  make  the  seasonal  growth 
of  the  pasture  more  uniform  than  will  the  presence  of  either  early-  or 
late-growing  plants  by  themselves.  The  uniformity  of  growth  at 
Baton  Rouge,  La.,  is  due  largely  to  the  presence  of  both  early-  and 
late-growing  plants.  Probably  there  is  a  tendency,  however,  to  over- 
emphasize the  influence  of  the  habits  of  the  plants.  While  it  is 
true  that  Kentucky  bluegrass,  for  instance,  does  make  its  greatest 
growth  early  in  the  season  as  a  rule,  the  results  at  Puyallup,  Wash., 
show  that  under  favorable  conditions  this  grass  continues  to  grow 
well  throughout  the  season.  The  so-called  "  dormant  period  "  of 
bluegrass  may  be  due  not  so  much  to  the  nature  of  the  plant  as  to 
the  scarcity  of  soil  moisture. 

The  results  at  Beltsville  show  that  neither  the  fertility  of  the  soil 
nor  the  application  of  complete  fertilizers  materially  affects  the  uni- 
formity of  growth  throughout  the  season  under  the  conditions  pre- 
vailing there  but  they  do,  of  course,  affect  the  total  yields. 

Since  it  is  evident  that  there  is  no  practical  way  to  make  a  perma- 
nent pasture  produce  uniformly  throughout  the  season  nor  the  same 
in  one  season  as  in  another  (except  perhaps  in  regions  where  irriga- 
tion is  feasible),  the  dairyman  must  be  prepared  to  supplement  his 
pastures  at  some  time  or  other  during  the  grazing  season. 

In  view  of  the  beneficial  effects  of  pasture  grass  and  other  green 
forage  upon  the  nutrition  of  the  dairy  cow,  and  the  economic  ad- 
vantage of  growing  and  feeding  pasture  and  forage  crops,8  it  would 
be  highly  desirable  to  remedy  the  shortcomings  of  permanent  pas- 
tures by  supplementing  them  with  some  other  green  crop  or  crops. 
On  farms  where  grasses  or  a  mixture  of  grasses  and  clover  are  raised 
for  hay  the  hayfields  can  be  pastured  after  the  hay  is  cut.  On  other 
farms  Sudan  grass,  sweetclover,  or  soybeans  may  be  used  for  a  tem- 
porary pasture.  In  the  central  and  southern  part  of  the  United 
States  improved  varieties  of  lespedeza  show  much  promise  as  crops 
for  temporary  pastures.  As  the  extent  to  which  supplementary  pas- 
ture will  be  needed  may  be  uncertain  it  appears  good  practice  to 
raise  crops  for  supplementary  pasture  which  can  be  made  into  an 
acceptable  hay  in  case  they  are  not  all  utilized  for  grazing. 

Soiling  crops  or  crops  that  can  be  cut  and  fed  green  will  supple- 
ment the  permanent  pastures  very  nicely.  The  objection  to  their  use 
is  the  labor  involved  in  harvesting  them  and  in  getting  them  to  the 
cows.  Crops  that  are  raised  regularly  should  be  used  for  soiling 
where  possible,  instead  of  planting  special  crops.  This  will  avoid 
interference  with  the  regular  system  of  cropping.  Part  of  the  sec- 
ond and  third  cuttings  of  alfalfa,  part  of  the  soybeans  or  Sudan 
grass,  and  part  of  the  crop  of  corn  or  sorghum,  can  be  cut  and  fed 

8  Graves,  R.  R.,  and  Shepherd,  J.  B.  a  study  of  certain  phases  of  the  economics 
of  dairy-cattlb  feeding.  Bur.  of  Dairy  Indus.,  Roughage  Feeding  Series  1,  BDIM-625, 
U.  S.  Dept.  Agr.,  1933.      [Mimeographed.] 

United  States  Department  of  Agriculture,  Bureau  of  Dairy  Industry,     roughage 

RATIONS    FOR   DAIRY    COWS    MAKE    LESS    MILK    AND    MORE   PROFIT.       U.    S.    Dept.    Agr.,    Bur.    of 

Dairy  Indus.,  Roughage  Feeding  Series  2,   BDIM-626.     1934.      [Mimeographed.] 

Graves,  R.  R.,  and  Shepherd,  J.  B.     a  study  of  the  effect  of  modified  systems  of 

FARMING  ON  MILK  PRODUCTION  AND  NET  RETURNS  OVER  CASH  OUTGO  FOR  PURCHASED  FEEDS. 

U.  S.  Dept.  Agr.,  Bur.  Dairy  Indus.,  Roughage  Feeding  Series  3,  BDIM-627.  1934. 
£  Mimeographed.] 
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green.  On  small  farms  much  of  this  "  soiling  "  may  often  be  done 
merely  by  cutting  some  of  the  crop  and  throwing  it  over  the  fence 
into  the  pasture. 

Another  method  of  supplementing  the  pastures  during  periods 
of  slack  growth  is  to  keep  the  cattle  off  a  portion  of  the  pasture 
during  the  season  of  greatest  growth,  so  that  hay  can  be  made  from 
the  ungrazed  portion  and  fed  when  the  pasture  becomes  short.  Or 
this  surplus  grass  may  be  made  into  silage  instead  of  hay.  Grass 
silage  is  used  successfully  in  several  foreign  countries. 

In  view  of  the  cost  and  the  uncertainty  of  temporary  pastures,  as 
well  as  the  trouble  and  expense  of  using  soiling  crops,  it  seems  that 
the  cheapest  way  to  supplement  permanent  pastures  might  be  with 
hay  and  silage,  such  as  is  fed  in  the  winter.  However,  it  is  possible 
that  the  more  perfect  nutrition  of  the  cows'  with  respect  to  vitamins 
and  minerals  when  fed  green  crops  would  counterbalance  any  saving 
in  expense  that  might  be  effected  by  feeding  hay  and  silage,  especially 
if  the  hay  has  a  poor  color. 

The  Bureau  of  Dairy  Industry  has  conducted  a  number  of  investi- 
gations which  have  a  bearing  on  the  problem  of  utilizing  pasture 
and  pasture  plants  advantageously,  and  other  studies  are  under  way. 
For  example,  rotation  grazing,  digestibility  of  pasture  grass  (6,  15), 
and  methods  of  making  grass  silage  have  and  are  now  receiving 
attention  at  the  Puyallup,  Wash.,  and  the  Beltsville,  Md.,  stations. 
The  utilization  of  the  surplus  pasturage  as  hay  and  silage  has  been 
investigated  at  Huntley,  Mont.  (J),  and  further  work  is  under  way 
there  and  at  Puyallup,  Beltsville,  and  Lewisburg,  Tenn.  At  Wood- 
ward, Okla.,  Sudan-grass  pasture  has  been  compared  with  hay  and 
silage  from  the  same  crop  (3).  Other  work  includes  the  influence 
of  fertilizers,  the  carrying  capacity  of  pastures  (£),  supplementing 
pasturages  with  hay  or  silage  made  from  pasture  grass,  and  annual 
crops  to  use  for  supplementing  permanent  pastures.  Some  of  this 
work  is  being  done  in  cooperation  with  the  Bureau  of  Plant  Industry. 

SUMMARY 

The  growth  of  grass  in  pastures  is  not  uniform  throughout  the 
grazing  season.  Since  there  is  no  practical  way  to  make  a  perma- 
nent pasture  produce  uniformly  throughout  the  season  nor  the  same 
in  one  season  as  in  another,  the  dairyman  must  be  prepared  to  sup- 
plement his  pastures  at  some  time  or  other  during  the  grazing  season. 

The  data  presented  in  this  bulletin  show  the  seasonal  and  yearly 
variations  in  pasture  growth  at  12  different  experiment  stations, 
also  the  estimated  carrying  capacity  of  the  pastures  for  the  different 
months  of  the  grazing  season  for  the  years  studied. 

The  total  yield  of  dry  matter  per  acre  varied  tremendously,  not 
only  with  the  different  pastures  and  localities  but  also  from  year 
to  year  on  the  same  pasture.  As  a  rule,  however,  the  greatest  growth 
of  "grass  at  the  various  stations  occurred  early  in  the  growing  season. 

The  information  presented  here  is  intended  to  show  in  a  general 
way  when  pastures  may  be  expected  to  be  inadequate,  thus  making 
possible  a  more  intelligent  consideration  of  methods  for  supplement- 
ing short  pastures  or  for  utilizing  surplus  pasture  growth. 
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LOCATION  OF  THE  NEWLANDS  PROJECT 

The  Newlands  reclamation  project  is  located  in  the  west-central 
part  of  Nevada,  near  the  towns  of  Fallon  and  Fernley,  in  western 
Churchill  and  eastern  Lyon  Counties.  The  general  topography  of 
this  area  is  a  large  flat  plateau  lying  about  4,000  feet  above  sea  level. 
A  low,  nearly  continuous  range  of  mountains  extends  around  three 
sides  of  the  area.  To  the  north  the  rolling  desert  plain  reaches  for 
some  75  miles  until  broken  by  the  Carson  Sink  and  still  more  distant 
mountains.  On  the  north,  east,  and  south  the  mountains  are  barren 
desert  hills,  but  on  the  west  several  smaller  ranges  finally  give  way 
to  the  wooded  and  snow-covered  Sierras  along  the  eastern  California 
border.  It  is  from  the  watersheds  of  these  latter  mountains  that  the 
project  obtains  its  supply  of  irrigation  water. 
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Two  rivers,  the  Carson  and  the  Truckee,  flow  in  an  easterly  direc- 
tion, bringing  the  water  from  the  melting  snows  of  these  mountains. 
On  the  Carson  River  about  18  miles  west  of  Fallon  lies  the  Lahontan 
storage  reservoir  with  a  capacity  of  294,000  acre-feet.  The  natural 
flow  of  the  Carson  is  augmented  here  by  the  flow  diverted  from 
Truckee  River.  A  dam  on  the  Truckee  River  diverts  a  part  of  this 
stream  into  a  supply  canal  that  flows  along  the  Truckee  Canyon  for 
several  miles,  then  south  through  some  desert  bench  land,  finally 
emptying  into  Lahontan  Reservoir.  This  supply  canal  is  about  31 
miles  long  and  has  a  carrying  capacity  of  approximately  800  second- 
feet.  The  original  designed  capacity  down  to  what  is  known  as  the 
"Pyramid  headworks"  was  1,500  second-feet,  with  1,200  second-feet 
capacity  below  that  point.  A  part  of  the  project,  comprising  about 
4,600  acres  lying  near  the  towns  of  Fernley  and  Hazen,  obtains  its 
irrigation  water  from  this  supply  canal.  This  area  is  higher  than  the 
elevation  of  the  stored  water  in  the  Lahontan  Reservoir  and  conse- 
quently is  dependent  upon  Truckee  River  flow  for  its  irrigation 
water  supply. 

SOIL  OF  THE  NEWLANDS  PROJECT 

In  comparatively  recent  geologic  time  the  area  now  comprising  the 
Newlands  project  was  part  of  a  vast  lake  known  as  "Lake  Lahontan. " 
Remnants  of  this  lake,  which  at  one  time  covered  the  greater  part  of 
western  and  northern  Nevada,  are  to  be  found  in  Pyramid  and  Walker 
Lakes.  The  former  lies  about  50  miles  northwest  of  Fallon,  and  the 
latter  about  40  miles  to  the  south. 

During  the  life  of  Lake  Lahontan  a  great  quantity  of  material 
eroded  from  the  surrounding  hills  was  carried  by  streams  into  the  lake 
and  deposited  on  its  bottom.  This  material  today  forms  the  soil  of 
this  area.  Since  the  deposition  of  this  soil  in  the  waters  of  the  lake 
it  has  undergone  some  rearrangement  owing  to  the  rise  and  fall  in 
the  lake  elevation  and  also  to  the  action  of  winds  and  streams  since 
the  disappearance  of  the  lake. 

In  general  the  soil  types  of  the  Newlands  project  range  from  a 
rather  coarse  sand,  through  the  fine  sandy  loams,  to  clay.  In  much 
of  the  area  the  soil  is  extremely  spotted,  there  being  places  of  nearly 
pure  sand  bordering  on  areas  more  or  less  adobelike  in  character. 
The  depth  of  the  different  soil  types  varies  from  a  few  inches  to  several 
feet.  In  general  the  soils  of  the  greater  depths  are  composed  of 
rather  coarse  gravel. 

Since  Lake  Lahontan  was  an  inland  body  of  water,  with  inflowing 
streams  and  no  outlets,  the  mineral  content  of  its  water  became 
progressively  more  concentrated  as  the  water  receded,  and  the  soluble 
salts  were  deposited  during  the  process  of  evaporation.  As  a  result 
the  soils  of  the  region  often  contain  appreciable  quantities  of  soluble 
salts,  the  heavier  soils,  or  fine  clays,  containing  greater  quantities 
than  the  fine  sands  or  coarser  material.  It  is  characteristic  to  find 
areas  ranging  from  a  few  feet  to  several  miles  in  diameter  that  are 
hard  and  smooth  and  devoid  of  vegetation.  These  are  commonly 
called  "slick  spots."  As  a  rule,  such  areas  are  composed  of  fine  clays 
rather  high  in  salt  content  and  impervious  to  water.  The  soils  over 
the  entire  area  of  the  project  contain  more  or  less  of  the  salts  of 
sodium.  In  some  districts  the  amount  present  is  not  harmful,  while 
in  others  it  is  enough  to  prohibit  the  successful  growing  of  crops  until 
the  condition  is  corrected. 
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Where  a  high  underground  water  table  exists  serious  production 
problems  have  developed.  In  certain  sections  it  was  a  matter  of 
only  a  few  years  after  the  completion  of  a  storage  and  irrigation 
system  until  the  water  table  became  a  menace.  This  condition  be- 
came so  serious  by  1921  that  a  drainage  program  was  inaugurated. 
Large  open  drains  were  constructed  throughout  the  project  in  order 
to  lower  the  water  table.  Where  adequate  drainage  was  provided, 
effective  progress  has  been  made  in  reclaiming  many  of  the  seeped 

areas. 

WEATHER  CONDITIONS 

Weather  records  are  kept  at  the  Newlands  Field  Station,  near 
Fallon,  in  cooperation  with  the  United  States  Weather  Bureau  and 
with  the  Division  of  Genetics  and  Biophysics  of  the  Bureau  of  Plant 
Industry.  The  observations  are  summarized  in  table  1.  Detailed 
records  for  the  years  1928  to  1932  are  given  to  indicate  the  fluctua- 
tions that  may  be  expected  from  year  to  year. 

Table  1. — Summary  of  climatological  observations  at  the  Newlands  Field  Station 
for  the  27-year  period,  1906-32 

PRECIPITATION  (INCHES) 


Item 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Average  for  27  years  ' 

1928    

0.57 
.08 
.28 
.45 
.20 
.31 

0.55 
.12 
.53 
.34 
1.45 
1.03 

0.39 
1.09 
.70 
.36 
.06 
.11 

0.56 
.24 
.19 
.47 
.49 

1.80 

0.51 
IT 

0 

2.28 
.31 
1.02 

0.33 
.20 
.26 

0 
.56 
.23 

0.14 
IT 

.02 
.10 
.19 
*T 

0.25 

0 
.03 
.10 
.07 
.02 

0.35 

0 

0 

.67 
1.08 

.18 

0.36 
.21 
.02 
.30 
.07 
.32 

0.32 
.41 

0 

1.07 
.50 

2T 

0.55 
.20 

1929—          

.  19 

1930 

0 

1931... 

1932 

2.15 
12 

EVAPORATION  (INCHES) 


Average  for  23  years  3 

1928. 

1929 

1.02 
47 

1.69 
1.16 
1.13 
1.28 
1.80 
2.04 

3.85 
3.11 
2.94 
4.29 
3.35 
3.69 

5.74 
5.92 
4.  IS 
5.52 
4.77 
4.78 

7.55 
7.65 
6.75 
4.47 
6.36 
5.97 

8.77 
8.69 
6.90 
7.83 
6.79 
6.28 

9.77 
8.76 
8.43 
7.97 
7.57 
8.79 

8.67 
8.38 
7.71 
6.66 
6.60 
6.58 

5.90 
5.57 
5.61 

4!  66 
4.58 

3.62 
3.36 
3.55 
3.07 
3.29 
3.42 

1.8G 
1.41 
1.60 
1.44 
1.27 
2.07 

0.89 
.63 
1  20 

1930 - 

1931 

1932 

DAILY  WIND  VELOCITY  (MILES  PER  HOUR) 


Average  for  24  years  * 

1928... 

1929 

1930. 

1931 


2.41 

3.07 

4.06 

4.80 

4.18 

3.53 

2.72 

2.45 

2.42 

2.17 

2.20 

1.74 

2.32 

3.48 

4.92 

3.45 

4.07 

2.34 

2.17 

1.78 

1.66 

1.45 

2.14 

2.56 

3.3C 

4.84 

3.40 

3.00 

2.20 

1.70 

1.70 

1.22 

.76 

2.24 

2.68 

3.58 

3.38 

4.06 

2.86 

2.21 

2.12 

2.03 

1.75 

1.71 

1.24 

2.18 

3.44 

3.96 

3.14 

3.48 

2.16 

2.02 

2.48 

2.09 

2.61 

2.56 

2.01 

3.64 

4.38 

3.82 

2.50 

2.99 

2.39 

1.33 

1.79 

2.20 

2.20 
1.50 
2.09 
.82 
2.16 
2.23 


TEMPERATURE  (°  F.) 

59.3 

64.3 

74.2 

80.7 

88.1 

96.6 

100.  5 

98.7 

92.1 

82.8 

71.9 

43.1 

49.9 

59.1 

66.2 

73.8 

83.7 

93.1 

90.8 

80.  C 

68.4 

56.1 

-1.1 

8.0 

15.2 

20.0 

28.6 

35.8 

43.  S 

40.4 

29.3 

19.5 

9.4 

16.8 

23.2 

27.5 

34.1 

40.9 

47.3 

53.8 

51.0 

42.0 

32.4 

23.7 

29.9 

36.4 

43.3 

50.2 

57.4 

65.5 

73.5 

70.9 

60.9 

50.4 

40.0 

70 

78 

79 

89 

102 

102 

106 

103 

97 

89 

81 

-25 

-12 

8 

13 

21 

28 

38 

34 

22 

13 

-1 

63 

61 

77 

80 

90 

97 

103 

99 

94 

84 

67 

44.7 

52.3 

61.4 

65.1 

80.4 

83.1 

93.3 

90 

77.3 

68.7 

54.6 

3 

5 

20 

19 

31 

39 

43 

41 

28 

19 

8 

18.0 

17.0 

31.9 

31.7 

448 

46.3 

52.4 

48.6 

40.3 

32.1 

23.6 

31.3 

34.6 

46.7 

48.4 

62.6 

64.7 

72.8 

69.3 

58.8 

50.4 

39.1 

57 

63 

76 

78 

87 

99 

97 

102 

97 

86 

73 

44.6 

47.4 

59.1 

61.6 

76.0 

81.5 

93.5 

93.6 

79.5 

72.0 

57.9 

-3 

1 

14 

14 

26 

28 

44 

45 

25 

15 

3 

15.0 

17.4 

26.0 

29.4 

39.8 

45.1 

53.5 

55.0 

36.6 

29.0 

15.3 

29.8 

32.4 

42.6 

45.5 

57.9 

63.3 

73.5 

74.3 

58.1 

50.5 

36.6 

Average  for  27  years:  * 

Absolute  maximum 

Daily  maximum 

Absolute  minimum 

Daily  minimum 

Monthly  mean 

27-year  record: 

Highest  recorded 

Lowest  recorded 

1928: 

Absolute  maximum 

Mean  maximum 

Absolute  minimum 

Mean  minimum 

Mean.. 

1929: 

Absolute  maximum 

Mean  maximum 

Absolute  minimum 

Mean  minimum 

Mean 


See  footnotes  at  end  of  table. 


60.3 

43.8 

1.8 

17.8 
30.8 

72 
-17 

58 
43.3 

1 
14.7 
29.0 


55.8 


22.4= 
39.1 
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Table  1. — Summary  of  climatological  observations  at  the  Newlands  Field  Station 
for  the  27-year  period,  1906-82 — Continued 
TEMPERATURE  (°  F.)—  Continued 


Item 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1930: 

Absolute  maximum 

60 

72 

77 

83 

84 

98 

100 

94 

88 

78 

71 

52 

Mean  maximum 

37.2 

56.5 

60.3 

70.0 

67.2 

85.7 

92.1 

88.8 

77.7 

66.5 

53.1 

42.0 

Absolute  minimum 

-6 

14 

8 

24 

30 

38 

46 

42 

28 

19 

1 

-1 

Mean  minimum 

14.8 

23.6 

25.6 

35.8 

39.3 

45.7 

53.0 

52.0 

42.4 

31.4 

20.0 

9.5 

Mean - 

26.0 

40.1 

43.0 

52.9 

53.3 

65.7 

72.5 

70.4 

60.1 

48.9 

36.5 

25.8 

1931: 

Absolute  maximum 

58 

63 

77 

80 

90 

92 

106 

100 

96 

84 

81 

51 

Mean  maximum 

46.7 

51.2 

60.1 

67.9 

78.4 

83.4 

96.5 

93.3 

77.9 

72.3 

51.4 

38.0 

Absolute  minimum 

5 

14 

9 

18 

31 

35 

47 

42 

28 

20 

1 

-7 

Mean  minimum 

14.7 

25.3 

25.6 

34.7 

42.5 

47.7 

56.4 

53.6 

41.2 

33.7 

20.3 

13.5 

Mean. - 

30.7 

38.3 

42.9 

51.3 

60.4 

65.6 

76.5 

73.4 

59.6 

53.0 

35.9 

25.8 

1932: 

Absolute  maximum 

63 

64 

70 

79 

85 

98 

97 

98 

94 

85 

72 

64 

Mean  maximum 

39.1 

41.4 

60.1 

64.3 

71.1 

82.7 

89.9 

89.0 

84.9 

69.0 

62.3 

39.5 

Absolute  minimum 

1 

3 

15 

18 

34 

36 

42 

34 

38 

18 

16 

-17 

Mean  minimum .. 

17.9 

19.2 

28.4 

32.9 

42.3 

50.5 

51.2 

48.6 

43.6 

31.5 

25.6 

8.7 

Mean --- 

28.5 

30.3 

44.3 

48.6 

56.7 

66.6 

70.5 

68.8 

64.3 

50.3 

43.9 

24.1 

ASPECT  OF  THE  SKY  (DAYS) 


Average  for  27  years:6 

Clear 

Partly  cloudy 

Cloudy 

1928: 

Clear 

Partly  cloudy 

Cloudy 

1929: 

Clear.— -. 

Partly  cloudy 

Cloudy^ 

1930: 

Clear .-- 

Partly  cloudy 

Cloudy 

1931: 

Clear 

Partly  cloudy 

Cloudy..- --- 

1932: 

Clear.. -... 

Partly  cloudy 

Cloudy- 


13.5 

14.0 

17.6 

17.2 

18.6 

22.6 

24.3 

25.2 

22.9 

23.0 

17.9 

7.5 

6.0 

6.5 

5.9 

7.6 

3.9 

4.1 

3.2 

3.6 

3.5 

5.1 

10.0 

8.2 

6.9 

6.9 

4.9 

3.6 

2.6 

2.6 

3.4 

4.5 

7.0 

11 

15 

10 ' 

16 

17 

25 

24 

28 

23 

18 

10 

5 

2 

4 

0 

5 

3 

1 

2 

2 

2 

6 

15 

12 

17 

14 

9 

2 

6 

1 

5 

11 

14 

13 

15 

11 

9 

16 

22 

28 

29 

28 

30 

30 

5 

4 

9 

6 

8 

0 

1 

1 

2 

1 

0 

13 

9 

11 

15 

7 

8 

2 

1 

0 

0 

0 

4 

10 

22 

22 

20 

29 

28 

25 

17 

25 

24 

8 

8 

5 

4 

4 

1 

1 

3 

4 

2 

0 

19 

10 

4 

4 

7 

0 

2 

3 

9 

4 

6 

17 

17 

21 

20 

25 

22 

30 

25 

27 

27 

18 

4 

2 

4 

1 

4 

5 

1 

0 

1 

4 

2 

10 

9 

6 

9 

2 

3 

0 

6 

2 

0 

10 

14 

19 

22 

18 

19 

26 

30 

31 

30 

27 

23 

13 

1 

3 

3 

5 

0 

1 

0 

0 

1 

4 

4 

9 

6 

9 

7 

4 

0 

0 

0 

3 

3 

14.7 
6.3 
10.0 

17 
5 
9 

16 
5 
10 

27 
1 
3 

10 
6 
15 

17 


KILLING  FROSTS 


Year 


1906 
1907. 
1908 
1909 
1910. 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 


Last  in 
spring 


May  31 
May  14 
May  30 
May  24 
May  16 
May  27 
May  22 
May  13 
Apr.  25 
May  20 
June  1 
May  21 
May  29 
May  6 
May    3 


First  in 
autumn 


Oct.  4 
Sept.  19 
Sept.  25 
Sept.  22 
Sept.  13 
Sept.  18 
Sept.  25 
Sept.  24 
Sept.  9 
Sept.  14 
Sept.  10 
Sept.  25 
Oct.  7 
Sept.  22 
Sept.  25 


Frost-free 
period 
(days) 


126 
128 
118 
121 
120 
114 
126 
134 
137 
117 
101 
127 
131 
139 
145 


Year 


1921.. 

1922 

1923 

1924 

1925. 

1926 

1927 

1928 

1929— 

1930 

1931... 

1932 

Average 


Last  in 
spring 


May  29 
May  27 
June  13 
May  7 
May  8 
May  11 
May  29 
May  4 
June  2 
May  22 
May  19 
Apr.  28 

May  19 


First  in 
autumn 


Sept.  13 
Oct.  4 
Sept.  24 
Sept.  21 
Sept.  22 
Sept.  19 
Sept.  8 
Sept.  9 
Sept.  8 
Sept.  25 
Sept.  9 
Oct.    10 

Sept.  21 


Frost-free 
period 
(days) 


107 
130 
103 
.137 
137 
131 
102 
128 
98 
126 
113 
165 


125 


i  The  records  for  January,  February,  and  March  cover  only  26  years. 
2T=trace. 

» January  records  are  for  14  years.  Records  for  February  and  December  are  for  18  and  17  years,  respec- 
tively, and  for  March,  21  years;  the  other  months  have  records  for  23  years. 

•  The  records  for  January,  February,  March,  and  November  cover  only  22  years;  those  for  April,  October, 
and  December  cover  23  years;  the  records  for  the  remaining  months  cover  24  years. 

•  The  records  for  March  and  October  cover  only  26  years  in  all  averages.  August  averages  cover  a  27- 
year  period  with  the  exception  of  the  daily  maximum  and  monthly  mean  tables;  in  these  cases  it  covers 
26  years. 

•  The  records  for  January,  February,  March,  and  October  cover  only  26  years. 
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The  situation  of  the  Newlands  project,  on  a  high  plateau  4,000  feet 
above  sea  level  and  completely  surrounded  by  mountains,  materially 
modifies  the  climatic  conditions  of  this  locality.  Most  of  the  pre- 
vailing storms  come  from  the  west,  off  the  Pacific  Ocean.  The  high 
barrier  of  the  Sierra  Nevada  causes  most  of  the  storm  clouds  to 
precipitate  their  moisture  on  the  western  slope  of  the  mountains  in 
California.  As  a  result  the  basin  has  a  rather  arid  climate.  Data 
compiled  from  the  records  kept  at  the  station  over  a  27-year  period 
have  shown  an  average  yearly  rainfall  of  4.88  inches,  the  greater  por- 
tion falling  during  the  period  from  December  to  April,  inclusive.  As 
a  general  rule  there  is  the  least  rain  in  July  and  August.  There  is 
little  snowfall. 

The  temperature  ranges  from  subzero  weather  in  January  to  a 
maximum  of  over  100°  F.  in  July.  There  is  an  average  yearly  range 
from  a  mean  absolute  minimum  of  —1.1°  in  January  to  a  mean 
absolute  maximum  of  100.5°  in  July.  The  extreme  temperatures 
recorded  were  —25°  in  January  1917  and  106°  in  July  1931.  The 
average  daily  temperatures  during  this  27-year  period  have  ranged 
from  a  mean  minimum  of  16.8°  in  January  to  a  mean  minimum  of 
53.8°  in  July,  and  a  mean  maximum  range  from  43.1°  in  January  to 
93.1°  in  July.  The  monthly  mean  temperatures  range  from  29.9° 
in  January  to  73.5°  in  July.  January  is  the  coldest  month  and  July 
the  warmest.  Even  the  warmest  days  in  July  are  usually  followed 
by  cool  nights.  It  is  only  rarely  that  the  temperature  does  not  fall 
below  60°  during  the  night.  The  general  24-hour  range  during  the 
hottest  days  is  about  45°. 

The  average  yearly  evaporation  over  a  23-year  period  has  been 
59.27  inches,  the  greater  portion  occurring  during  May,  June,  July, 
and  August.  The  frequency  and  amount  of  the  irrigations  required 
during  the  growing  season  are  influenced  by  this  high  evaporation. 

There  are  comparatively  few  days  throughout  the  year  when  the 
sky  is  completely  overcast.  Out  of  a  total  of  365  days,  the  27-year 
period  shows  the  yearly  average  to  have  been  231.5  clear  days,  63.2 
partly  cloudy  days,  and  70.6  cloudy  days. 

The  average  frost-free  period  has  been  125  days,  extending  from 
May  19  to  September  21.  The  longest  period  without  frost,  165 
days,  occurred  in  1932,  from  April  28  to  October  10.  The  shortest 
frost-free  period,  98  days,  was  recorded  in  1929  when  a  killing  frost 
occurred  on  June  2  and  the  first  one  in  the  fall  occurred  on  September 
8.  The  bench  land  of  the  project  has  a  little  longer  frost-free  period, 
usually  from  2  to  3  weeks  longer,  and  such  locations  are  considered 
the  better  fruit  lands  of  the  locality. 

Normally  125  days  would  be  ample  time  to  mature  most  varieties 
of  corn  and  sorghum,  but  the  cool  nights  so  retard  the  growth  of  such 
crops  that  only  the  shorter  season  varieties  of  corn  can  be  matured, 
and  occasionally  some  grain  sorghums.  Generally  the  planting  of 
such  sorghums  as  milo,  feterita,  amber  cane,  etc.,  is  not  advocated. 

AGRICULTURAL  CONDITIONS 

The  Bureau  of  Reclamation  of  the  United  States  Department  of 
the  Interior  has  compiled  a  yearly  census  of  the  agricultural  condi- 
tions of  the  Newlands  project.  During  the  years  1929  to  1932  the 
Department  of  Farm  Development  of  the  Nevada  Agricultural 
Experiment   Station   cooperated   in   the   tabulation   of   these   data. 
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These  reports  are  summarized  in  tables  2  to  5  to  indicate  the  acreage 
trends  for  the  different  crops  and  also  to  what  extent  livestock  has 
been  a  factor  in  the  agricultural  pursuits  of  the  project. 

Table  2. — Acreage  of  principal  crops  grown  on  the  Newlands  reclamation  project 
during  the  21-year  period,  1912-32 

[Based  on  reports  made  by  the  Bureau  of  Reclamation] 


03.S 

& 

w 

a 

1 

I 

Year 

-t-3    03 

®  So 

II 

2 

0 

«2 
® 

1 
S 

• 

03 

o 

§1 
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o 

o 

1 

s 
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Ph 

S 

03 

3 

3 

q 

03 

0 

"3 
c 

3 
o 

a 

03 

o 

>> 

03 

m 

s 

1 
3 

<x> 

¥ 

03 

1912.- 

36, 620 

12,912 

3,319 

2,484 

2,259 

399 

483 

254 

150 

189 

284 

135 

15,004 

1913. _ 

42,  943 

13, 960 

4,523 

1,590 

1,880 

283 

416 

1,079 

180 

132 

3, 467 

374 

18,  352 

1914.  . 

39,  285 

13,212 

3,344 

1,446 

1,329 

417 

283 

1,564 

666 

19,  398 

1915.  . 

38,  495 

18,  273 

2,070 

2,582 

1,  733 

428 

97 

196 

173 

134 

936 

1,171 

11,590 

1916.- 

39,  449 

19,  541 

1,904 

2,861 

1,658 

107 

95 

177 

187 

98 

1,310 

133 

10,872 

1917-. 

40,  392 

20, 360 

2,141 

2,532 

1,116 

27 

86 

322 

2,168 

200 

132 

940 

137 

10,100 

1918-. 

42,311 

21,  542 

3,725 

5,024 

1,374 

44 

80 

334 

252 

136 

1,124 

164 

9,662 

1919. . 

44,  324 

24, 188 

3,854 

5,423 

519 

31 

204 

152 

261 

134 

351 

102 

10,  247 

1920. . 

45,611 

26,  540 

4,254 

3,586 

769 

68 

64 

354 

277 

195 

505 

117 

9,720 

1921 .- 

45,  461 

28, 287 

2,923 

2,443 

732 

60 

63 

484 

»  1,500 

276 

46 

129 

247 

1,063 

7,874 

1922.. 

44, 963 

29,  943 

1,163 

2,410 

437 

72 

160 

870 

278 

164 

336 

114 

204 

6,401 

1923 .. 

44, 886 

28,210 

1,907 

3,116 

451 

70 

367 

659 

229 

160 

350 

180 

82 

5,690 

1924.. 

44,  280 

30, 652 

1, 166 

4.081 

297 

62 

259 

273 

158 

200 

532 

157 

96 

3,625 

1925.  . 

41,008 

28, 183 

2,459 

4,  670 

762 

67 

378 

152 

218 

201 

510 

227 

109 

2,659 

1926.. 

45,  459 

28, 961 

2,196 

5,836 

920 

28 

328 

249 

212 

214 

335 

193 

126 

4,313 

1927.. 

49,  255 

29,849 

1,977 

4,829 

1,209 

424 

542 

1,073 

191 

182 

261 

289 

7,129 

1928.. 

49, 970 

29,054 

3,012 

5,715 

1,615 

272 

111 

25 

161 

198 

221 

248 

8,573 

1929.. 

54,040 

28, 922 

3,169 

5,  285 

1,031 

215 

101 

176 

199 

318 

117 

13,  243 

1930.  . 

53,  562 

30,  507 

3,220 

3,839 

931 

284 

125 

221 

197 

281 

1,149 

13,  045 

1931.  . 

49,881 

32, 896 

1,273 

4,152 

732 

164 

156 

194 

233 

259 

1,222 

1,244 

1932.  . 

51,927 

30,  770 

3,798 

3,  250 

1,030 

52 

304 

208 

* 

395 

230 

258 

1,395 

9,877 

1  As  a  general  rule  the  net  acreage  irrigated  is  less  than  the  total  area  growing  crops.  This  is  because  of  2 
crops  being  grown  on  the  same  area  in  1  season.  Some  years  the  net  acreage  irrigated  exceeds  the  sum  of 
the  cropped  area.    This  is  because  of  areas  being  irrigated  without  crop. 

2  Crop  a  failure  owing  to  curly-top  disease. 

Table  3. — Acreage  in  alfalfa,  grain,  miscellaneous  crops,  and  pasture  expressed 
as  a  percentage  of  the  entire  cropped  acreage  on  the  project  for  the  21 -year  period, 
1912-32 


Year 


1912 
1913 
1914 
1915. 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 


Mis- 

Natural 

AJfalfa 

Grain 

cellane- 

pas- 

ous 

ture 

43 

14 

4 

39 

40 

8 

12 

40 

40 

8 

6 

46 

52 

12 

7 

29 

55 

12 

5 

28 

56 

9 

10 

25 

58 

15 

5 

22 

62 

13 

3 

22 

66 

10 

3 

21 

68 

7 

8 

17 

73 

7 

5 

15 

72 

9 

5 

14 

Year 


1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

Mean 


Alfalfa 


Grain 


Mis- 
cellane- 
ous 


Natural 
pas- 
ture 


22 


CROP  CONDITIONS 

In  1929  the  irrigated  acreage  of  the  project  reached  its  maximum. 
The  agricultural  census  for  that  year  indicated  an  irrigated  area  of 
54,000 *  acres,  of  which  about  39,500  acres  were  actually  under  cul- 
tivation. The  remaining  14,500  acres  were  listed  in  the  census  sum- 
mary as  natural  pasture  and  areas  irrigated  without  crop.  The 
natural   pasture  included   6,000   acres   of  native   grasses   and   tule 


i  Totals  are  given  in  the  nearest  hundreds 
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swamps  about  9  miles  south  of  Fallon  in  the  Carson  Lake  community 
pasture,  and  slightly  less  than  800  acres  east  and  northeast  in  small 
leased  tracts.  The  remainder  of  the  14,500  acres  is  land  that  was 
being  irrigated  without  crop  on  private  farms  in  order  to  obtain  some 
pasture  and  also  as  a  procedure  preliminary  to  reclamation. 

By  1920  the  irrigated  areas  of  the  project  had  reached  an  aggregate 
of  45,600  acres.  The  decline  in  the  irrigated  area  during  the  5  years 
following  1920  was  probably  due  to  adverse  economic  conditions. 
The  greatest  decrease  occurred  in  1925,  following  the  quarantine 
placed  against  Nevada  hay  by  the  State  of  California.  The  increases 
of  the  next  4  years  can  be  attributed  largely  to  the  gradual  improve- 
ment in  agricultural  conditions  following  the  period  of  adjustment 
from  1921  to  1925.  Likewise,  the  decline  in  the  irrigated  area  during 
the  period  1930  to  1932  was  probably  due  to  the  general  depressed 
economic  conditions  existing  throughout  the  country.  However,  a 
substantial  portion  of  this  yearly  fluctuation  of  area  under  irrigation 
is  directly  due  to  the  irrigation  of  large  areas  of  seeped  land  with  a 
view  to  reclamation,  after  drains  had  been  constructed,  and  to  stim- 
ulate the  growth  of  native  grasses  for  pasturage. 

A  better  means  of  determining  the  growth  of  the  project  from  1912 
to  1932  is  afforded  by  comparing  the  actual  cropped  area  under  irriga- 
tion, that  is,  the  number  of  acres  on  which  some  farm  crop  was 
produced  other  than  native  pasture.  In  1912  this  area  totaled  about 
23,000  acres.  This  had  increased  to  about  41,000  acres  by  1932,  or 
about  78  percent  in  20  years.  The  greater  part  of  this  increase  took 
place  prior  to  1923.  About  28  percent  of  the  total  increase  of  78 
percent  occurred  during  the  last  10  years  of  the  period.  The  annual 
growth  in  the  actual  cropped  area  and  the  relationship  it  bears  to  the 
whole  irrigated  area  is  shown  in  table  4. 


Table  4. 

— Actual  area  cropped,  exclusive  of  natural  pasture,  and  its  relationship 
expressed  in  percentage  of  the  entire  net  acreage  irrigated 

Year 

Cropped 
area 

Irrigated 
area 

Year 

Cropped 
area 

Irrigated 
area 

Year 

Cropped 
area 

Irrigated 
area 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

Acres 
22,868 
27,884 
22, 261 
26, 905 
27, 377 
29,136 
31,828 

Percent 
62 
65 
57 
67 
69 
72 
75 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

Acres 
33,049 
34,853 
35, 559 
35, 992 
35, 436 
37, 933 
36, 910 

Percent 
75 
76 
78 
80 
79 
86 
90 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

Acres 
39, 472 
40, 242 
39, 852 
39, 415 

39,  618 

40,  565 
41,008 

Percent 
87 
82 
80 
73 
74 
81 
79 

Since  the  inception  of  the  project  more  acreage  has  been  devoted  to 
the  production  of  alfalfa  than  to  all  other  crops  combined.  It  has 
proved  to  be  well  adapted  to  local  conditions. 

Prior  to  1925  large  quantities  of  alfalfa  hay  were  shipped  to  Cali- 
fornia markets.  This  outlet  was  closed  in  1924  owing  to  the  dis- 
covery of  alfalfa  weevil  on  the  project,  which  was  followed  by  quar- 
antine regulations  by  the  State  of  California. 

For  a  few  years  following  the  closing  of  these  California  markets 
for  alfalfa  there  was  a  surplus  of  hay  and  a  decline  in  both  price  and 
acreage.  However,  as  more  farmers  turned  to  dairying  and  to  feeding 
sheep  and  cattle,  it  was  found  that  the  greater  portion  of  the  hay  crop 
could  be  consumed  locally  with  prospects  of  fair  returns.  The  surplus 
remaining  was  ground  and  marketed  as  alfalfa  meal. 
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In  point  of  acreage  the  next  most  important  crops  on  the  project 
are  wheat  and  barley.  While  the  yields  of  these  cereals  and  their 
sale  value  have  not  justified  their  being  featured  extensively  in  the 
planting  program  as  cash  crops,  yet  they  have  served  a  useful  purpose, 
in  the  interests  of  diversification,  as  a  source  of  feed  for  livestock 
and  at  times  in  reconditioning  old  alfalfa  land.  Also,  grain  is  often 
advantageously  used  as  a  nurse  crop  for  alfalfa. 

There  are  certain  areas  on  the  south  and  east  sides  of  the  project 
where  wheat  is  grown  to  the  exclusion  of  other  crops.  This  is  due  to  a 
peculiar  character  of  the  soil.  The  physical  properties  are  such  that 
difficulty  is  encountered  in  obtaining  adequate  water  penetration  to  a 
depth  sufficient  to  make  alfalfa  production  profitable.  Such  areas  as 
these  are  handled  largely  with  motorized  machinery  to  reduce  the  cost 
of  production.  The  production  on  this  area  has  averaged  about  1,300 
pounds,  or  22  bushels,  to  the  acre. 

Such  grain  crops  as  oats  and  corn  have  never  been  grown  extensively 
on  the  project.  The  acreage  in  oats  reached  its  maximum  during 
1914  and  1915.  It  was  at  this  time  that  many  horses  were  being  used 
in  freighting  supplies  from  Fallon  to  the  nearby  mining  camps.  Many 
of  these  mines  have  since  ceased  to  operate,  and  the  remaining  freight- 
ing is  done  by  motor  trucks. 

The  maximum  acreage  in  corn  was  reached  in  1927.  At  this  time 
the  reclamation  census  reported  slightly  more  than  400  acres.  Most 
of  this  acreage  was  utilized  to  produce  silage  for  dairy  stock.  The 
justification  for  supplementing  alfalfa  hay  with  corn  silage  in  feeding 
practices,  under  local  conditions,  is  still  a  debatable  question  with 
many  dairymen.  Until  it  can  be  definitely  shown  that  corn  silage 
can  be  profitably  fed  or  that  it  has  some  beneficial  effect  on  the  con- 
stitution of  the  dairy  cow,  little  increase  in  the  acreage  of  this  crop 
on  the  Newlands  project  can  be  expected. 

Potatoes  reached  their  largest  area  in  1922,  when  nearly  900  acres 
were  grown.  The  acreage  has  fluctuated  greatly  from  year  to  year, 
as  the  majority  of  farmers  have  tried  to  anticipate  the  probable 
demand,  restricting  their  acreage  when  they  believed  prices  would 
be  low  and  increasing  their  production  when  price  prospects  appeared 
to  them  to  be  favorable. 

Several  attempts  to  grow  sugar  beets  were  made  during  the  period 
from  1911  to  1928.  The  first  attempt  was  made  in  1911  and  1912, 
when  a  local  factory  was  established.  This  attempt  proved  a  failure 
owing  to  the  prevalence  of  the  curly-top  disease  during  1911  and  a 
shortage  in  tonnage  in  1912.  A  further  trial  was  made  in  1917  which 
was  a  disappointment  to  the  growers.  Another  attempt  was  made 
in  1921,  which  failed  because  of  a  further  appearance  of  the  curly-top 
disease.  The  last  attempt  of  importance  was  made  in  1927.  The 
factory  again  operated  at  a  loss  because  of  insufficient  tonnage. 

A  relatively  small  acreage  is  devoted  to  garden  crops  and  orchards. 
Owing  to  the  sparse  population  of  the  area  in  close  proximity  to  the 
project,  the  local  demand  for  such  products  is  limited.  The  few 
farmers  engaged  in  this  type  of  agriculture  realize  a  fair  return  for 
their  endeavor  as  long  as  the  local  market  or  short  distance  shipments 
consume  all  they  produce.  The  frequent  occurrence  of  late  spring 
frosts  is  a  limiting  factor  in  connection  with  the  successful  production 
of  fruit  on  the  lower  lands  of  the  project.  As  a  result  the  small  area 
in  orchards  is  chiefly  found  on  the  bench  lands. 
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Cantaloups  have  been  reported  separately  from  the  garden  crops 
since  1921,  when  there  were  129  acres.  The  peak  of  production  was 
reached  in  1924  and  1925,  when  over  500  acres  were  devoted  to  this 
crop.  Cantaloups  mature  rather  late  in  the  season  and  are  shipped 
largely  to  eastern  markets. 

The  chief  cause  of  the  increased  acreage  for  1930,  1931,  and  1932, 
reported  under  the  heading  " Miscellaneous  crops",  is  the  realization 
by  some  dairymen  that  pasture  crops  should  be  included  in  their 
feeding  operations.  The  Newlands  Field  Station  has  conducted 
experiments  for  a  number  of  years  with  pasture  grasses  and  clovers. 
Certain  mixtures  have  proved  to  be  well  adapted  to  local  conditions. 
The  results  of  these  tests  have  been  made  available  to  those  inter- 
ested and  have  had  some  influence  on  the  kinds  of  pasture  crops  used 
as  well  as  on  the  increase  in  acreage.  During  1932  there  were  1,157 
acres  listed  as  seeded  to  grass  or  clover  pastures.  The  greater 
portion  of  this  acreage  was  sweetclover,  either  the  white  or  yellow 
varieties.  It  has  been  found  that  an  acre  in  grass  pasture  produces 
approximately  as  much  feed  as  a  similar  area  devoted  to  alfalfa 
production.  Likewise,  sweetclover  pasture  was  found  to  produce 
nearly  as  much  feed  as  the  grass  mixtures. 

LIVESTOCK  CONDITIONS 

Inasmuch  as  alfalfa,  native  grass  pasture,  and  grain  make  up  the 
bulk  of  the  crops  grown  on  the  irrigated  acreage  of  the  project,  it 
naturally  follows  that  the  system  of  farming  should  be  one  in  which 
livestock  plays  an  important  part.  The  cropping  system,  together 
with  the  distance  from  large  consuming  centers,  early  encouraged 
dairying  and  the  production  of  beef  cattle  and  sheep.  Some  of 
the  beef  cattle  and  sheep  utilize  pasture  land  and  hay  produced  on 
the  project.  Some  are  fed  in  this  manner  the  year  around,  while 
others  are  fed  only  during  the  winter  and  are  kept  during  the  spring 
and  summer  months  on  mountain  ranges.  The  project  continues 
to  be  an  important  adjunct  to  range  operations,  but  in  recent  years 
dairying  and  poultry  raising  have  become  increasingly  important. 
Table  5  gives  the  number  of  livestock  and  of  hives  of  bees  on  the 
project  for  the  years  1914  to  1932,  as  recorded  by  the  Bureau  of 
Reclamation. 
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Table  5. — Number  of  livestock  and  hives  of  bees  on  Newlands  project  farms  during 
the  19-year  period,  1914-82 


Horses 

and 

mules 

Beef 

cattle  i 

Dairy 
cattle 

Sheep * 

Hogs 

Poultry 

Hives  of 
bees 

Year 

Turkeys 

Other 
poultry 

Rabbits 

1914 

3,483 
3,780 
3,911 
3,467 
3,734 
3,532 
3,875 
4,038 
3,730 
3,822 
3,818 
3,222 
3,314 
3,374 
3,164 
2,757 
2,762 
2,573 
2,444 

4,540 
5,957 
7,802 
7,581 
8,839 
6,778 
7,428 
6,732 
4,601 
4,266 
4,889 
4,663 
6,052 
2,802 
3,148 
2,909 
4,964 
5,420 
4,987 

1,503 
2,433 
2,537 
2,044 
1,895 
1,850 
2,072 
3,597 
5,088 
6,738 
7,366 
7,796 
8,523 
9,357 
8,551 
8,664 
8,055 
8,386 
7,788 

1,981 
4,710 
5,452 
3,346 
3,560 
3,347 
4,611 
7,707 
7,961 
7,286 
4,624 

12,807 
7,930 
7,230 
9,481 

12,100 
7,899 
6,127 
5,436 

3,815 
4,836 
6,092 
3,170 
3,343 
3,048 
2,211 
1,795 
3,214 
2,975 
2,296 
1,972 
2,265 
3,446 
2,598 
2,502 
1,774 
2,559 
2,275 

6,972 

12,000 

15,  239 

9,042 

4,746 

3,442 

3,624 

4,834 

12, 130 

27,  254 

22, 415 

20, 429 

30,  613 

47, 898 

57,  594 

47,094 

35, 395 

30, 634 

37,  725 

27,399 
22, 912 
29,270 
24, 056 
20,  220 
25,  932 
28,780 
28,  582 
44, 131 
45,240 
49,  895 
54, 833 
70,  632 
94, 931 
75,000 
81,284 
89, 151 
77,008 
59,  771 

1,621 
2,500 
2,958 
1,933 
1,589 
2,821 
2,683 
2,983 
1,267 
2,302 
2,249 
2,913 
2,607 
2,722 
2,898 
2,148 
3,421 
3,924 
3,699 

1915 . 

1916. . 

1917 

1918 

1919 

1920 

1921 

1922... 

1923 

1924 

1925... 

1926 

1927 

6,188 

1928. 

6,791 

1929 

17,  594 

1930 

16, 864 

1931. 

12,  323 

1932 

3,516 

Mean 

3,411 

5,492 

5,486 

6,505 

2,957 

22,  583 

49,  949 

2,591 

10,546 

1  The  number  of  sheep  and  beef  cattle  does  not  include  those  brought  in  from  summer  range  to  be  fed 
during  the  winter  months. 

LAND  RECLAMATION 

Since  the  establishment  of  the  Newlands  station,  extensive  investi- 
gations have  been  conducted  in  the  effort  to  determine  the  possi- 
bilities of  various  methods  of  reclaiming  the  more  refractory  soils 
(5 j  6,  7,  9,  10). 2  Adoption  of  improved  irrigation  practices  and 
the  effect  of  applying  various  chemicals  to  the  soil  have  been 
investigated.  The  effectiveness  of  other  less  expensive  treatments 
has  been  tested.  These  tests  have  been  made  chiefly  to  determine 
the  value  of  stable  manure  and  chemicals,  various  cropping  methods, 
and  improved  cultural  practices  as  aids  in  reclaiming  saline  soils. 

In  many  instances  the  quantity  of  soluble  salts  that  occur  in 
these  unproductive  areas,  together  with  the  character  of  the  soil, 
makes  reclamation  difficult  and  costly.  However,  it  has  been 
found  that  many  tracts  have  adequate  drainage,  and  the  soil  is  of 
such  a  character  that  it  is  possible  to  reclaim  the  land  at  an  expense 
within  the  means  of  many  landowners.  Generally  these  areas  range 
from  a  compact  adobe  to  a  sandy  loam.  Usually  they  are  impreg- 
nated with  substantial  quantities  of  salts.  The  adobe  soils  have 
such  a  physical  texture  that  water  will  not  penetrate  more  than  2 
or  3  inches  during  the  process  of  an  ordinary  irrigation.  The  sandy 
loam  type  takes  water  quite  readily  but  upon  drying  the  surface 
becomes  very  hard.  As  a  result  of  this  cementing  quality  seeds 
do  not  germinate  readily,  and  those  that  do  emerge  are  in  such  a 
weakened  condition  that  the  mortality  is  high. 

An  essential  to  land  reclamation  is  adequate  drainage.  Drain- 
age, in  the  sense  it  is  used  here,  is  not  confined  solely  to  the  removal 
of  underground  water,  although  this  is  recognized  as  fundamentally 
essential,   but   also,    surface   drainage   of   surplus  water  remaining 

2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  35. 
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after  irrigating,  coupled  with  the  engineering  means  of  removing 
underground  water  where  the  water  table  is  too  close  to  the  surface.' 
There  must  be  adopted  also  such  cultural  practices — including  the  ad- 
dition of  soil  amendments  where  required — together  with  such  irriga- 
tion practices  that  there  is  a  movement  of  the  irrigation  water  applied 
downward  through  the  soil  so  that  the  soluble  salts  may  be  removed. 
Often  the  quantity  of  water  required  to  leach  the  land  is  under- 
estimated, consequently  the  reclamation  endeavors  are  often  ineffec- 
tual because  of  the  inadequate  penetration  of  the  irrigation  water. 

The  amount  of  the  water  used  and  the  uniformity  with  which  it  is 
applied  to  the  surface  are  factors  directly  under  the  control  of  the 
farmer  who  must  operate  efficiently  if  his  reclamation  endeavors 
are  to  be  successful.  Consideration  should  also  be  given  to  the 
character  of  the  soil  in  planning  the  system  of  distribution.  If  the 
border  method  is  adopted,   the  most  satisfactory  degree  of  slope 


Figure  1.— Field  basin  irrigation  at  the  Newlands  Field  Station.    If  adequate  water  penetration  cannot 
otherwise  be  attained,  this  system  of  applying  water  may  be  resorted  to  advantageously. 

will  be  influenced  materially  by  the  character  of  the  soil.  In  the 
case  of  a  sandy  soil,  which  takes  water  readily,  the  grade  may  be 
as  much  as  3  or  4  inches  to  the  hundred  feet.  For  the  heavier, 
more  refractory  soils  the  gradient  must  be  reduced,  and  at  times 
basin  irrigation  may  be  required.  This  latter  method  has  been 
used  on  areas  of  extremely  impervious  soil  in  order  to  hold  the  water 
on  the  surface  for  long  periods  and  thus  facilitate  penetration  (fig. 
1).  However,  such  methods  of  irrigating  cannot  be  practiced  after 
the  area  is  in  crop.  The  intense  heat  of  the  summer  sun  tends  to 
scald  the  plants;  hence  the  principal  use  of  basin  irrigation  is  as  a 
preliminary  step  in  reclamation  prior  to  seeding. 

The  method  of  applying  water  that  has  proved  the  most  satisfactory 
at  the  Newlands  station  as  a  means  of  reclamation  is  one  which 
utilizes  little  slope  and  large  plots  (fig.  2).  The  most  satisfactory 
gradient  has  proved  to  be  about  1.5  inches  per  hundred  feet  for  a 
plot  62  by  680  feet.  Heads  of  water  not  in  excess  of  4  second-feet  are 
used.     Such  a  flow  will  irrigate  a  plot  of  this  area  in  from  40  to  60 
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minutes,  the  time  required  depending  largely  on  the  state  of  crop 
growth  and  the  need  of  water,  as  well  as  on  the  character  of  the  soil 
and  the  crop. 

There  are  times  when  the  use  of  a  specified  head  of  water  is  some- 
what modified.  If  there  exists  definite  surface  indication  of  soluble 
salts  a  larger  head  of  water  may  be  used  advantageously,  in  order  that 
the  water  may  flow  over  the  plot  rapidly  to  wash  off  the  surface 
accumulations  of  salt,  thus  avoiding  penetration  as  much  as  possible. 
Obviously  such  flushing  action  requires  adequate  surface  drains  in 
order  to  remove  the  surplus  water. 

The  foregoing  discussion  of  land  preparation  and  irrigation  applies 
regardless  of  the  system  or  systems  of  land  reclamation  adopted.  In 
the  following  paragraphs  is  included  a  discussion  of  the  methods 
adopted  and  the  success  attained  in  reclaiming  the  more  refractory 


Figure  2.— A  virgin  field  properly  prepared  for  reclamation  with  barley  that  had  been  seeded  in  the  spring. 
Photographed  July  25,  indicating  the  productivity  of  such  areas  prior  to  intensive  treatments.  Compare 
with  figure  3,  which  shows  an  unproductive  area  of  the  adobe  type. 

types  of  soil  by  (1)  chemical  treatments  and  (2)  by  the  use  of  special 
cultural  methods.  In  the  latter  investigations  special  consideration 
has  been  given  to  the  development  of  improved  cultural  practices  as 
an  aid  to  more  adequate  water  penetration. 

RECLAMATION  BY  CHEMICAL  TREATMENTS 

The  aims  in  reclamation  practices  by  use  of  chemical  treatments 
have  been  two:  (1)  The  changing  of  the  more  toxic  alkaline  salt  into 
one  of  the  less  toxic  forms,  e.g.,  sodium  carbonate  to  sodium  sulphate 
by  the  use  of  gypsum;  (2)  the  improvement  of  the  physical  properties 
of  the  soil  by  improving  its  perviousness  to  irrigation  water.  The 
treatments  with  certain  chemicals  have  proved  relatively  effective 
but  rather  costly.  The  process  involves  applying  these  chemicals 
either  alone  or  in  combination  with  each  other  or  with  other  treat- 
ments. The  usual  procedure  has  been  to  apply  the  chemicals  directly 
to  the  area  to  be  reclaimed  after  it  has  been  leveled  and  prepared  for 
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irrigation.  If  gypsum,  sulphur,  or  alum  are  the  reclaiming  agents 
being  used,  the  practice  has  been  in  some  cases  to  apply  them  either 
by  broadcasting  by  hand  or  using  them  in  a  manure  spreader  in  com- 
bination with  manure.  In  this  latter  case  the  gypsum,  sulphur,  or 
alum,  or  combinations  of  one  or  more,  are  added  on  top  of  the  load 
of  manure.  A  few  loads  with  the  manure  spreader  will  soon  determine 
the  rate  of  application  desired.  In  the  investigations  as  much  as  2 
tons  of  sulphur  and  10  tons  or  more  of  gypsum  have  been  applied.  If 
used  in  combination  with  farm  manure  or  a  green-manure  crop,  it  has 
been  found  that  the  amounts  used  may  be  materially  decreased.  Some 
results  have  been  obtained  from  using  1,000  pounds  of  sulphur  in 
combination  with  18  tons  of  manure  to  the  acre.  However,  sulphur 
has  not  proved  as  effective  in  the  Fallon  area  as  some  other  treatments. 
Some  benefits  have  resulted  from  the  application  of  4  or  5  tons  of 
gypsum  per  acre  in  combination  with  heavy  applications  of  manure. 
In  comparing  the  merits  of  alum  and  gypsum  the  former  has  proved 
to  be  the  more  effective  as  an  aid  in  obtaining  more  adequate  water 
penetration  on  the  more  impervious  soil  types.  Sulphuric  acid  has 
been  tried  as  a  reclaiming  agent,  the  liquid  having  been  poured  into 
the  irrigation  water  as  it  entered  the  plot  to  be  treated.  The  use  of 
this  acid  proved  to  be  effective  but  relatively  expensive. 

The  chief  drawback  to  the  use  of  gypsum  alone,  other  than  that  of 
expense,  has  been  the  time  required  to  effect  the  reclamation.  The 
low  solubility  of  gypsum  requires  a  large  number  of  applications  of 
irrigation  water  to  dissolve  all  the  material  when  applied  to  the  soil 
in  the  usual  manner.  In  order  to  hasten  this  reclamation  procedure 
a  machine  has  been  developed  which  dissolves  and  distributes  the 
gypsum  in  the  irrigation  water  (11).  This  is  accomplished  by  causing 
the  flow  of  irrigation  water  to  furnish  the  power  to  turn  a  paddle  wheel. 
This  in  turn  drives  an  agitator  partly  immersed  in  the  stream.  Finely 
ground  gypsum  feeds  down  from  a  storage  bin  through  an  adjustable 
feed  opening.  The  agitator  consists  of  four  paddles  enclosed  in  a 
perforated  cylinder.  The  revolving  paddles  mix  the  inflowing  gypsum 
with  the  water  flowing  through  the  perforated  cylinder.  By  thus 
agitating  the  water  and  gypsum  together  it  was  found  possible  to 
apply  gypsum-saturated  water  to  the  area  being  reclaimed.  This 
method  reduces  the  time  necessary  for  reclaiming  and  increases  the 
efficiency  of  the  application  of  this  chemical.  During  the  2  years  of 
trial  it  was  found  that  an  average  of  210  pounds  of  gypsum  was  applied 
to  each  acre  of  land  during  each  irrigation;  hence  it  is  possible  to  apply 
about  1  ton  of  dissolved  gypsum  per  season  under  local  irrigation 
practices. 

The  use  of  alum  as  an  agent  of  reclamation  has  shown  a  rapid 
improvement  in  small  areas  in  productive  fields,  but  the  treatment  is 
expensive.  It  is  doubtful  if  present  land  values  will  justify  such  an 
expenditure  on  an  extensive  scale.  The  greatest  benefit  to  be  derived 
from  the  use  of  this  chemical  lies  in  its  ability  to  alter  the  physical 
property  of  a  soil  quickly.  Areas  that  were  impervious  to  water 
were  greatly  improved  within  a  few  days  after  application  of  the  alum 
ore.  The  process  employed  was  to  spread  the  alum  over  the  area  to 
be  treated  and  then  flood  with  water,  keeping  the  entire  area  under 
water  for  about  24  hours.  Three  half-acre  plots  of  highly  impervious 
soil  at  the  Newlands  Field  Station  were  treated  in  this  manner  with 
several  tons  of  alum  ore.     The  treatment  was  applied  during  the 
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spring  of  1922,  before  the  present  drainage  system  was  instituted, 
and  resulted  in  a  material  improvement  in  the  perviousness  of  the  soil 
making  it  possible  to  obtain  a  fairly  uniform  stand  of  alfalfa. 

These  investigations  of  chemical  treatments  for  reclaiming  lands 
on  the  Newlands  reclamation  project  have  disclosed  that  such  treat- 
ments will  result  in  definite  improvement,  particularly  if  alum  and 
gypsum  are  used,  but  the  cost  of  such  treatments  does  not  justify 
attempts  to  reclaim  extensive  areas  under  present  conditions.  Chem- 
ical applications  may  be  justified  if  only  small  areas  in  a  field  are 
involved  or  if  it  is  desired  to  reclaim  a  small  tract  of  valuable  land. 


RECLAMATION  BY  CULTURAL  METHODS 


While  investigations  were  being  conducted  on  the  reclamation  of 
the  more  refractory  soil  types  by  chemical  treatments,  consideration 


Figure  3.— Typical  adobe  area  on  the  Newlands  Field  Station.    Highly  impervious  to  water,  but  possible 
to  reclaim.    Photographed  in  May  1908,  soon  after  the  station  was  established. 

was  being  given  to  the  development  of  other  methods  that  might  prove 
to  be  less  expensive  and  therefore  have  a  somewhat  more  general  appli- 
cation. Efforts  were  made  to  determine  the  effectiveness  of  such 
measures  as  treating  the  soil  with  stable  manure  and  the  intensive 
application  of  certain  improved  irrigation  and  cultural  practices. 
In  the  following  paragraphs  methods  of  procedure  are  outlined  that 
have  given  satisfactory  results  in  land  reclamation  and  are  materially 
less  costly  than  the  chemical  treatments. 

After  leveling  the  land  very  carefully,  manure  is  applied  at  the  rate 
of  20  tons  or  more  per  acre,  with  seasonal  applications  as  high  as  40 
tons  per  acre  on  some  of  the  more  refractory  soils.  The  manure  is 
thoroughly  disked  into  the  surface  rather  than  plowed  under.  The 
reason  for  this  is  obvious.  The  first  requisite  for  the  establishment  of 
a  crop  is  a  good  seed  bed.  Manure  worked  into  the  topsoil  facilitates 
the  penetration  of  water  and  consequently  the  leaching  out  of  harmful 
salts.     It  also  aids  in  preventing  the  soil  from  crusting.     After  the 
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application  of  manure  and  the  disking  operation  the  land  is  again 
smoothed  for  irrigation. 

During  the  first  season  the  land  is  not  necessarily  cropped.  Irriga- 
tions are  given  about  every  2  weeks.  Each  irrigation  is  followed  by  a 
shallow  cultivation.  The  entire  area  is  treated  as  if  it  were  in  some 
cultivated  crop.  The  object  of  such  treatments  is  to  aerate  the  soil 
and  facilitate  water  penetration  and  the  decomposition  of  the  manure. 
During  this  period  the  application  of  water  should  be  copious,  as  the 
removal  of  the  harmful  salts  depends  on  the  leaching  effect  of  the  water. 

After  the  first  year  the  land  should  receive  another  application  of 
manure,  but  this  may  be  somewhat  lighter  than  the  first.  This  is 
again  worked  into  the  soil  by  disking  or  harrowing,  and  the  land 
is  again  smoothed  for  irrigation.     Under  favorable  conditions  it  is 


Figure  4. — View  of  an  alfalfa  field  on  the  Newlands  Field  Station  on  reclaimed  land  that  was  formerly  like 

that  shown  in  figure  3. 

possible  to  seed  at  this  stage.  However,  if  the  condition  of  the  soil 
does  not  warrant  seeding,  the  procedure  followed  the  first  year  should 
be  repeated.  The  crop  planted  should  be  one  not  highly  susceptible 
to  salt,  nor  easily  injured  by  frequent  irrigations.  Sweetclover  has 
proved  satisfactory  in  these  respects.  It  is  planted  with  barley  or  rye 
as  a  nurse  crop.  The  resulting  growth  may  be  cut  for  hay,  but  it  has 
been  found  that  where  pasturing  is  possible  this  is  preferable.  If  the 
crop  cannot  be  pastured  it  should  be  cut  the  first  year  and  left  on  the 
ground  to  be  disked  into  the  soil  the  following  spring.  The  land 
should  then  be  ready  to  seed  either  to  a  grass  pasture  for  further  pas- 
turing or  to  alfalfa.  In  planting  grasses  for  pasturing,  following  2 
years  of  pasturing  sweetclover,  the  grass  seed  is  broadcast  into  the 
sweetclover  stubble  without  previous  disking.     The  area  is  lightly 


16    TECHNICAL  BULLETIN  464,  U.  S.  DEPT.  OF  AGRICULTURE 

harrowed  to  cover  the  seed  and  then  irrigated.  It  may  be  found 
advisable  to  apply  a  light  coating  of  manure  and  straw  to  prevent  the 
soil  from  drying  out  and  destroying  the  small  grass  seedlings. 

If  the  sweetclover  is  disked  under  before  seeding  alfalfa,  the  alfalfa 
is  planted  with  a  nurse  crop.  The  same  procedure  is  used  in  planting 
as  is  used  in  planting  any  area  to  alfalfa,  except  that  greater  care  is 
exercised  in  smoothing  the  land  for  irrigation. 

The  method  of  broadcasting  the  grass  seed  in  the  sweetclover  stub- 
ble has  proved  to  be  the  best  way  of  obtaining  a  stand  of  pasture 
grasses  (fig.  5).  After  2  or  more  years  of  irrigating  a  sweetclover 
pasture  crop,  the  2  or  3  inches  of  surface  soil  is  generally  washed  fairly 
free  of  harmful  salts.  Likewise  this  surface  area  will  contain  some 
humus  from  the  cultural  practices  involved.  An  inch  or  so  of  surface 
soil  free  of  injurious  salts  and  containing  humus  to  aid  in  retaining 
moisture  makes  an  ideal  seed  bed  for  grass  and  clover. 

Very  satisfactory  results  have  been  obtained  by  this  process  of 
reclamation,  which  has  the  distinct  advantage  of  being  less  expensive 
than  chemical  treatments.  Many  farmers  have  access  to  fairly  large 
supplies  of  manure  and  some  available  time  during  the  winter  months 
to  work  on  such  a  project.  If  advantage  is  taken  of  this  condition  in 
leveling  the  land  and  applying  manure,  it  will  result  in  turning  other- 
wise worthless  land  into  an  asset  and  at  relatively  low  cost  (figs.  3 
and  4). 

Another  method  of  establishing  a  seed  bed  and  of  aiding  water  pene- 
tration is  to  cover  the  land  with  a  coating  of  coarse  sand.  An  applica- 
tion of  3  or  4  inches  will  provide  a  relatively  satisfactory  seed  bed  and 
maintain  moisture  in  the  underlying  soil.  This  method  of  reclama- 
tion has  given  satisfactory  results  on  certain  types  of  adobe  soil,  but 
it  is  expensive  unless  sand  is  conveniently  available.  However,  in 
many  instances  sand  hills  are  close  by,  and  for  small  areas  particularly 
such  treatment  has  definite  possibilities. 

FIELD  CROPS 

ALFALFA 

Since  the  inception  of  the  Newlands  project,  alfalfa  has  been  the 
chief  crop  grown.  It  was  early  determined  that  for  the  first  few  years 
at  least  the  lands  could  be  most  advantageously  devoted  to  this  crop. 
The  relative  importance  of  alfalfa  is  evidenced  by  the  fact  that  for  the 
21-year  period  1912  to  1932,  62  percent  of  the  total  irrigated  area  has 
been  devoted  to  alfalfa,  and  for  the  10-year  period  1923  to  1932  this 
percentage  has  increased  to  67  percent.  The  variety  most  com- 
monly grown  is  known  as  Western  Common.  It  is  probably  a  strain 
of  Chilean. 

CULTUEAL  PRACTICES 

In  the  preparation  of  the  land  for  alfalfa,  special  attention  should  be 
given  to  leveling.     It  is  essential  that  this  operation  be  properly 

Eerformed  if  satisfactory  results  are  to  be  obtained.  A  few  extra 
ours  spent  in  preparing  the  land  for  seeding  will  be  found  to  have  been 
well  spent.  Properly  leveled  land  greatly  reduces  the  labor  involved 
in  irrigating  and  increases  the  yields. 

It  has  been  found  advisable  to  level  the  land  roughly  at  first,  giving 
it  the  desired  slope.     The  degree  of  slope  depends  upon  the  type  of  soil 
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and  the  head  of  water  that  will  be  used  for  irrigation.  Following  this 
operation  the  roughly  leveled  area  is  smoothed  over.  Usually  this 
feature  of  the  preparation  of  the  land  is  most  effectively  performed  by 
using  what  is  known  locally  as  a  "tailboard  scraper."  This  piece  of 
farm  machinery  is  made  in  various  sizes.  Usually  the  one  fitted  for 
use  with  eight  horses  is  used  at  this  stage  of  the  leveling.  The  object 
of  this  leveling  operation  should  be  to  eliminate  all  high  or  low  spots 
and  maintain  a  constant  degree  of  slope,  without  side  fall,  in  the  direc- 
tion of  the  flow  of  the  water. 

After  this  phase  of  the  leveling  operations  has  been  completed, 
parallel  levees  are  thrown  up  to  give  the  desired  width  to  the  plots. 
These  are  generally  wide  and  low  in  order  that  they  will  subirrigate. 
In  this  manner  it  is  possible  to  obtain  an  alfalfa  stand  over  the  levees 
as  well  as  between  them.  This  greatly  increases  the  yield  of  the  field 
and  prevents  the  growth  of  weeds  on  the  borders. 

The  general  practice  at  this  stage  of  the  leveling  operations  is  to 
put  in  the  irrigation  boxes  and  flood  the  plots  before  planting.  This 
method  gives  a  further  check  on  the  leveling  and  also  causes  newly 
filled  areas  to  settle  before  planting.  As  soon  as  the  surface  has  dried 
sufficiently  to  permit  working  the  land,  the  entire  area  is  resurfaced 
to  remove  all  high  spots  and  to  fill  depressions.  Often  there  is  mois- 
ture sufficient  to  germinate  the  seed  without  reirrigating;  if  not,  the 
land  should  again  be  irrigated.  Sometimes  this  second  irrigation 
seems  advisable  regardless  of  the  state  of  moisture.  This  is  especially 
important  if  any  large  fills  have  been  made  during  the  leveling  opera- 
tions. These  areas  will  continue  to  settle  for  some  time,  and  any 
settling  can  be  more  easily  remedied  before  seeding  than  after. 

Sometimes  these  final  leveling  operations  leave  a  crust  over  the 
surface  area  leveled.  Such  a  condition  should  be  remedied  before 
seeding.  A  light  harrowing  at  this  stage  of  the  land  preparation  is 
advisable.  After  it  is  assured  that  there  is  enough  moisture  and  a 
proper  surface  mulch,  the  seeding  is  undertaken. 

If  alfalfa  is  planted  with  a  cereal  as  a  nurse  crop,  the  grain  is  first 
seeded  and  after  sufficient  time  has  elapsed  for  it  to  sprout,  alfalfa  is 
sown,  using  from  15  to  18  pounds  of  seed  to  the  acre.  While  the 
alfalfa  is  young  rather  frequent  irrigations  are  necessary.  The  interval 
between  irrigations  depends  on  the  type  of  soil,  the  sandier  soils 
requiring  more  frequent  irrigations.  As  the  alfalfa  develops,  the  irri- 
gations may  be  less  frequent.  As  a  general  rule,  during  the  hottest 
part  of  the  summer  mature  alfalfa  will  need  an  irrigation  about  every 
2  weeks.  Less  frequent  irrigations  are  required  during  the  spring 
and  autumn.  In  all,  about  8  to  10  irrigations  should  be  given  during 
the  growing  season. 

It  is  advisable  to  seed  alfalfa  in  the  spring  with  grain  as  a  nurse 
crop.  The  grain  is  an  aid  in  protecting  the  young  alfalfa  seedlings 
from  the  heat  and  spring  winds.  Usually  the  grain  crop  is  harvested 
in  July  and  helps  to  defray  a  part  of  the  expense  of  seeding  alfalfa. 
There  is  generally  one  light  crop  of  alfalfa  the  first  year.  Thereafter 
three  crops  are  usually  cut  each  year.  The  first  is  cut  about  the  middle 
of  June,  the  second  the  last  of  July,  and  the  third  the  latter  part  of 
September.  Observations  have  shown  that  about  36  percent  of  the 
total  yield  of  hay  is  obtained  from  the  first  cutting,  35  percent  from 
the  second,  and  29  percent  from  the  third. 
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There  are  two  methods  of  irrigating  alfalfa  on  the  project.  The 
method  used  in  the  Fernley  district  is  furrow  irrigating  and  on  the  rest 
of  the  project  flooding  or  border  irrigating.  The  greater  area  of  the 
project  is  irrigated  by  this  latter  method.  Numerous  experiments 
have  shown  the  advisability  of  allowing  the  water  to  flow  slowly  over 
the  heavier  soils  to  produce  adequate  penetration.  The  rapidity  of 
the  flow  is  determined  by  the  degree  of  slope  given  the  area  to  be 
irrigated. 

With  the  exception  of  irrigating  during  the  growing  season,  little 
labor  other  than  harvesting  is  involved  in  producing  alfalfa  hay. 
Some  farmers  renovate  their  fields  with  a  spring-tooth  harrow  in  the 
spring.  This  is  recognized  as  a  desirable  practice,  for  it  eradicates 
many  weeds  and  tends  to  keep  in  check  some  of  the  insect  pests. 

As  the  yields  harvested  have  a  marked  effect  upon  the  production 
costs  per  ton,  it  is  important  that  high  yields  be  maintained.  Where 
soil  conditions  are  favorable  and  good  farming  practices  followed, 
yields  of  5  tons  or  more  per  acre  are  not  unusual.  Under  such  condi- 
tions alfalfa  production  has  proved  to  be  the  most  promising  farm 
enterprise  on  the  Newlands  project  (4). 

CEREALS 

It  is  doubtful  if  extensive  acreages  of  the  cereals  should  be  advocated 
for  the  more  productive  lands  of  the  Newlands  project  or  adjoining 
irrigated  areas.  However,  the  value  of  these  crops  in  certain  respects 
should  not  be  ignored.  Settlers  who  keep  livestock  usually  find  it 
advantageous  to  produce  sufficient  grain  for  their  requirements.  Even 
where  little  or  no  livestock  is  kept  on  the  farm  it  is  advisable  to  in- 
clude certain  of  the  cereals  because  they  are  good  nurse  crops  for 
alfalfa  or  sweetclover. 

The  cereals  grown  on  the  project  are  chiefly  barley  and  wheat. 
Most  of  the  wheat  produced  is  of  the  hard  winter  varieties,  being 
planted  in  the  early  fall,  although  some  soft  wheats  are  spring  planted, 
frequently  as  a  nurse  crop  for  alfalfa.  Most  of  the  wheat  is  either  fed 
to  poultry  or  sold  locally. 

Several  years  of  experiments  were  completed  in  1929  showing  the 
effect  of  fertilizers  on  spring  wheat  (7).  In  these  tests  manure  and 
superphosphate  were  used.  The  tests  were  in  a  2-year  rotation  of 
corn  and  wheat.  The  year  the  corn  was  planted  manure  was  applied 
at  the  rate  of  15  tons  to  the  acre.  At  the  time  of  planting  wheat  250 
pounds  of  superphosphate  to  the  acre  was  added.  The  results  of  the 
use  of  the  manure  alone  increased  the  wheat  yield  nearly  40  percent. 
The  use  of  the  superphosphate  and  manure  in  later  experiments 
increased  the  yield  over  100  percent.  Project  yields  have  been  re- 
corded from  certain  more  productive  areas  where  no  increases  were 
obtained  by  using  either  manure  or  superphosphate.  The  project 
areas  on  which  these  tests  were  made  were  producing  well  over  a  ton 
of  spring  wheat  to  the  acre.  The  areas  at  the  Newlands  station  on 
which  these  fertilizer  tests  were  made  produced  less  than  the  average 
of  the  project.  The  soil  was  of  a  light,  sandy  nature,  containing  very 
little  humus  and  some  soluble  salts. 

The  acreage  devoted  to  barley  is  small.  Relatively  satisfactory 
yields  have  been  harvested,  yet  the  local  prices  have  not  thus  far 
justified  an  extensive  planting  of  this  cereal.  However,  the  crop 
serves  a  useful  purpose  in  supplying  feed  for  dairy  cattle  and  certain 
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other  classes  of  livestock  on  farms  and  often  may  be  included  in  the 
cropping  program  to  advantage. 

The  chief  purposes  served  by  barley,  as  well  as  other  cereals,  in  the 
cropping  program  have  been  (1)  supplying  at  least  partially  the  needs 
of  the  livestock  on  the  farms,  (2)  acting  as  a  nurse  crop  for  alfalfa, 
and  (3)  where  production  costs  are  low,  for  planting  lands  not  yet  well 
adapted  to  alfalfa. 

VARIETAL  TESTS  WITH  WHEAT 

A  number  of  varietal  tests  have  been  conducted  with  both  wheat 
and  barley  to  select  those  varieties  likely  to  be  best  adapted  to  the 
local  conditions.  Eight  different  varieties  of  wheat  were  grown  on 
private  farms  during  a  5-year  period,  under  conditions  somewhat 
more  favorable  than  those  existing  at  the  Newlands  station;  this  was 
done  to  ascertain  the  yield  to  be  expected  from  the  more  productive 
areas.  The  results  covering  this  5-year  test  given  in  table  6  indicate 
that  relatively  satisfactory  yields  may  be  expected  where  soil  con- 
ditions are  favorable. 

Table  6. — Varietal  tests  of  wheat  on  several  Newlands  project  farms  for  a  5-year 

period 


Variety 

Average  yield  per 
acre 

Variety 

Average  yield  per 
acre 

Little  Club.... 

Pounds 
2,468 
2,226 
2,129 
2,027 

Bushels 
41.1 
37.1 
35.5 
33.8 

Bluestem 

Pounds 
2,095 
2,008 
1,992 
1,530 

Bushels 
34.9 

Eieti 

Marquis 

33.5 

Sonora 

Defiance 

33.2 

Dicklow 

Early  Baart * 

25.5 

1  2-year  test  only. 

More  recent  tests  with  spring  wheats  were  made  at  the  station  in 
1931  and  1932,  including  four  varieties  of  spring  wheat,  namely, 
Arizona, No.  24,  Little  Club,  Spring  Federation,  and  Early  Baart. 
The  results  are  recorded  in  table  7. 


Table  7. — Varietal  tests  of  wheat  at  the  Newlands  Field  Station  in  1931  and  1982 


Variety 

Average  yield  per 
acre 

Variety 

Average  yield  per 
acre 

Pounds 
1,910 
2,127 
1,602 

Bushels 
31.8 
35.5 
26.7 

Early  Baart..         

Pounds 
1,627 
2,143 

Bushels 
27.1 

Little  Club 

Jenkins  Club  l 

35.7 

Spring  Federation 

1-year  test  only. 


VARIETAL  TESTS  WITH  BARLEY 


The  average  yield  of  barley  on  the  project  is  about  the  same  as 
wheat,  or  about  1,300  pounds,  approximately  27  bushels  per  acre. 
Varietal  tests  of  this  cereal  have  been  conducted  on  private  farms. 
The  varieties  used  in  these  tests  were  Coast,  Trebi,  Hannchen, 
Svanhals,  Chevalier,  Nepal  (hull-less),  and  an  unknown  variety 
purchased  locally  from  seed  grown  on  the  project.  The  average 
yields  from  these  different  varieties  over  a  5-year  period  are  given 
in  table  8.  In  comparing  the  results  with  wheat  and  barley,  as  given 
in  tables  6,  7,  and  8,  larger  yields  in  bushels  as  well  as  in  tonnage  per 
acre  may  be  expected  from  wheat  than  from  barley  when  grown  on  the 
more  productive  soils. 
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Table  8. — Average  acre  yields  of  barley  varieties  on  several  Newlands  project  farms 

for  a  5-year  period 


Variety- 

Average  yield  per 
acre 

Variety 

Average  yield  per 
acre 

Coast 

Pounds 
1,657 
1,474 
1,323 
1,298 

Bushels 
34.5 
30.7 
27.6 
27.0 

Pounds 
1,232 
1,227 
1,010 

Bushels 
25  7 

Local J 

25  6 

Trebi«__ 

21  0 

Hannchen 

4-year  test  only. 


2  3-year  test  only. 


RYE 


Rye  has  never  been  grown  at  the  Newlands  station  as  a  grain  crop. 
The  few  times  it  has  been  planted  it  was  fall-sown,  to  be  used  during 
the  winter  months  and  the  following  spring  as  a  pasture  crop.  Gen- 
erally it  has  been  grown  on  the  more  refractory  soils  where  poor  stands 
of  other  cereals  would  be  obtained.  A  planting  of  fall  rye  has  often 
served  as  a  nurse  crop  the  following  spring  for  sweetclover.  In  this 
case  both  the  rye  and  sweetclover  serve  later  as  a  pasture  crop. 

The  results  obtained  with  wheat,  barley,  oats,  and  rye  indicate  that 
the  largest  tonnage  per  acre  may  be  expected  from  wheat  with  barley 
second.  Neither  oats  nor  rye  is  extensively  grown  and  furthermore, 
except  for  specialized  use,  the  planting  of  these  two  cereals  is  not 
recommended. 


CORN 


The  relatively  short  growing  season  of  125  frost-free  days  character- 
istic of  this  locality,  together  with  the  wide  daily  range  in  temperature 
which  results  in  rather  cool  nights,  makes  it  necessary  to  select  early- 
maturing  varieties  if  a  corn  crop  is  to  be  assured.  Several  of  the  so- 
called  " 90-day  varieties"  usually  will  mature.  Tests  of  varieties 
have  been  conducted  which  indicate  that  several  are  adapted  to  the 
local  conditions  (7). 

These  experiments  have  shown  that  most  of  the  early-maturing 
corn  planted  about  May  10  matured- before  the  fall  frosts  occurred. 
The  varieties  producing  over  a  ton  of  shelled  corn  to  the  acre  for  2  of 
the  3  years  of  this  test  were  Early  Murdock,  De  Wolfs  Prolific, 
Wisconsin  No.  7,  and  Wimples  Yellow  Dent.  The  yields  of  several 
varieties  are  recorded  in  table  9. 

Silage  corn  has  been  grown  at  the  station  every  season  during  the 
years  1917-32  with  the  exception  of  1931,  a  year  of  water  shortage. 
The  corn  is  drilled  about  May  10,  rather  closely  in  rows  3  feet  apart, 
and  harvested  during  the  first  or  second  week  of  September.  Yields 
as  high  as  14  tons  per  acre  have  been  made.  Several  varieties  are 
used  including  Minnesota  No.  13  and  Reid  Yellow  Dent.  The 
variety  being  adopted  at  the  Newlands  station  for  the  dairy-feeding 
investigations  is  sold  under  the  trade  name  of  Red  Cob  Ensilage  and 
has  proved  to  be  quite  satisfactory. 
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Table  9. — Acre  yields  of  corn  varieties  grown  at  the  Newlands  Field  Station, 

1924-26 


Variety 

1924 

1925 

1926 

3-year  average 

Early  Murdock 

Pounds 
2,595 
2,768 
2,318 

Pounds 
2,381 
2,098 
2,248 
2,082 
2,160 
2,262 
2,796 

Pounds 
1,881 
2,500 
1,930 
1,881 
1,979 
1,652 
1,870 

Pounds 
2,286 
2,455 
2,165 
1,981 
2,176 
2,239 
2,333 

Bushels 
40.8 

Gurneys  Rainbow 

43.8 

Wimples  Yellow  Dent 

38.7 

35.4 

Wisconsin  No.  7 

2,388 
2,803 

38.9 

De  Wolfs  Prolific 

40.0 

Champion  White  Pearl 

41.7 

POTATOES 

Several  of  the  soil  types  of  the  Fallon  project  are  not  adapted  to 
potato  culture.  The  most  satisfactory  results  have  been  obtained  in 
the  Carson  Kiver  bottom  lands  which  have  been  subjected  to  over- 
flowing in  years  past  and  to  which  the  commercial  acreages  are  largely 
confined.  The  soil  in  these  areas  is  a  silt  loam  easy  to  work  and  very 
permeable. 

To  produce  smooth  marketable  potatoes  good  seed  free  from  disease 
should  be  selected,  the  land  should  be  well  cultivated,  proper  crop 
rotation  should  be  practiced,  and  favorable  soil-moisture  conditions 
should  be  maintained.  The  soil  should  never  be  allowed  to  become 
too  dry.  Enough  moisture  should  be  maintained  to  cause  the 
particles  of  soil  to  cling  together  readily  when  squeezed  in  the  hand. 
If  the  moisture  falls  below  this  point,  trouble  may  be  expected  to 
develop  in  the  form  of  a  second  growth.  If  such  a  condition  occurs 
during  the  growth  of  the  tubers,  a  rough  unmarketable  product 
results. 

The  best  time  to  plant  potatoes  to  obtain  maximum  yields  has 
proved  to  be  between  April  20  and  the  middle  of  May.  Plantings 
made  after  the  later  date  have  yielded  less,  whereas  plantings  made 
much  earlier  than  April  20  are  in  danger  of  frost  injury. 

Tests  to  determine  the  best  type  of  seed  to  use  have  shown  that 
medium-sized  potatoes  free  from  disease  should  be  selected.  Such 
seed  has  produced  heavier  crops  when  planted  whole  than  when  the 
potatoes  have  been  cut.  However,  when  too  large  potatoes  have 
been  selected  the  increased  quantity  of  seed  required  has  more  than 
offset  any  additional  increase  in  production.  The  use  of  culls  has 
caused  a  decided  decrease  in  yields  (6). 

Investigations  conducted  to  determine  the  comparative  merits  of 
9  different  varieties  showed  that  3  varieties  were  the  heaviest  pro- 
ducers. These  are  Portland  Netted  Gem,  Pride  of  Multnomah,  and 
Burbank.  Each  of  these  varieties  produced  over  200  bushels  to  the 
acre  on  the  light  sandy  station  soil.  It  was  found  that  less  difficulty 
was  experienced  in  producing  a  smooth,  more  marketable  potato 
from  the  Portland  Netted  Gem  and  Multnomah  varieties  than  from 
the  Burbank  (7). 

The  chief  pest  injury  with  which  local  growers  of  this  crop  must 
contend  is  a  nematode  infection.  The  years  in  which  this  trouble 
was  most  evident  on  the  Newlands  Field  Station  were  those  in  which 
potatoes  were  planted  on  soil  that  had  been  in  alfalfa  the  previous 
year.  The  most  promising  method  of  control  yet  developed  is  to 
grow  potatoes  in  a  well-planned  rotation,  particularly  to  have  them 
follow  a  crop  that  is  not  susceptible  to  injury  from  the  pest  (#). 
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CANTALOUPS 

Most  of  the  cantaloups  raised  for  car-lot  shipments  to  eastern 
markets  are  produced  on  the  bench  lands  by  a  few  farmers.  The 
seed  is  planted  in  hills  6  feet  apart  each  way  on  the  edge  of  a  furrow 
to  facilitate  irrigation.  Frequently  water  is  run  in  the  furrows 
before  planting  in  order  to  be  certain  that  the  seed  is  moistened. 

The  seeding  is  done  as  early  in  May  as  weather  conditions  will 
permit.  Two  methods  are  practiced  to  insure  against  loss  by  frost. 
One  is  to  protect  each  hill  with  paraffined  paper  caps.  The  other 
method  is  to  make  two  plantings  about  10  days  apart  without  waiting 
to  see  whether  the  first  planting  survives  damage  by  frost.  By  the 
latter  method,  if  the  first  planting  is  partially  or  wholly  destroyed 
it  will  be  replaced  with  the  second  planting  a  few  days  later.  If  this 
first  stand  does  not  suffer  damage,  the  later  planting  is  removed.  In 
the  case  of  light  frosts  some  protection  is  afforded  by  night  irrigation 
during  the  period  of  low  temperature.  The  first  melons  or  "crown 
set"  are  generally  ready  to  pick  about  August  20.  The  picking 
continues  daily  until  the  first  frosts  occur. 

During  the  period  1922  to  1927  it  was  believed  that  a  cantaloup 
industry  might  be  established  in  the  Fallon  area,  with  the  result 
that  much  encouragement  was  given  the  project  by  local  and  State 
organizations.  However,  it  was  soon  found  that  the  short  season, 
combined  with  the  late  ripening,  worked  to  the  disadvantage  of  the 
growers.  Local  melons  ripened  at  the  peak  of  the  season  from 
many  other  localities  having  similar  climatic  conditions.  The  dis- 
tance from  large  consuming  centers  was  also  a  handicap.  As  a  result 
the  acreage  planted  each  year  has  dwindled  to  a  small  area  that 
furnishes  the  local  demand  and  fills  the  market  requirements  that  can 
be  served  by  express  or  parcel-post  shipments. 

The  varieties  that  have  proved  the  most  satisfactory,  based  on 
investigations  conducted  at  the  Newlands  Station,  are  Hearts  of 
Gold  and  Hales  Best.  As  a  result  of  fertilizer  tests  it  was  found  that 
superphosphate  was  the  most  beneficial,  nitrates  slightly  so,  and 
potash  not  at  all. 

PASTURE  GRASSES 

Investigations  to  determine  the  possibilities  of  establishing  per- 
manent grass  pastures  have  been  part  of  the  dairy  activities  on  the 
Newlands  Station  for  a  number  of  years.  Various  mixtures  of 
grasses  and  clovers  have  been  tried  with  three  primary  objects  in 
view:  (1)  Grasses  or  clovers  that  are  adapted  to  local  climatic 
conditions  as  a  source  of  green  feed  for  dairy  cows;  (2)  the  carrying 
capacity  of  pastures  as  compared  with  alfalfa  hay;  (3)  the  effect  of 
pasturing  as  a  possible  aid  in  land  reclamation. 

The  results  of  growing  various  grasses  and  clovers  to  determine 
their  adaptability  have  shown  that  the  following  varieties  are  adapted: 
Bromus  inermis,  tall  oatgrass,  orchard  grass,  English  or  perennial 
ryegrass,  Australian  ryegrass,  Kentucky  bluegrass,  redtop,  meadow 
fescue,  white  Dutch  clover,  alsike  clover,  Ladino  clover,  and  sweet- 
clover.  The  mixture  recommended  consists  of  the  following:  Brome- 
grass,  tall  oatgrass,  orchard  grass,  English  ryegrass,  Kentucky  blue- 
grass,  redtop,  meadow  fescue,  white  Dutch  clover,  and  alsike  clover; 
or  Australian  ryegrass  and  Ladino  clover.  By  planting  the  first 
mixture  the  coarser  grasses  furnish  early  feed  during  the  time  the  finer 


NEWLANDS   RECLAMATION   PROJECT 


23 


stemmed  grasses  and  clovers  are  establishing  themselves.  Also,  it 
was  found  that  one  grass  adapts  itself  more  readily  to  certain  types  of 
soil  or  withstands  a  little  more  salt  than  others.  By  taking  advantage 
of  such  a  combination  a  stand  is  usually  assured  on  the  soil  conditions 
characteristic  of  this  locality. 

The  problem  of  obtaining  a  satisfactory  stand  is  often  rather  com- 

Slex.    The  grass  and  clover  seed  are  small  and  consequently  must  be 
ghtly  covered  if  the  plants  are  to  emerge.     The  following  method 


Figure  5. — Ladino  clover  and  Australian  ryegrass  pasture  at  the  Newlands  Field  Station.    This  is  a 
very  satisfactory  pasture  combination  and  is  useful  in  connection  with  land  reclamation. 

has  been  used  successfully  at  the  station.  The  area  to  be  seeded  is 
first  very  carefully  leveled  and  then  flooded.  After  the  land  has 
dried  sufficiently  the  seed  is  broadcast  and  lightly  harrowed  in.  This 
is  followed  by  a  light  application  of  manure  into  which  grain  straw 
has  been  worked  by  using  it  as  a  bedding  in  the  cow  barn.  From 
this  stage  on  it  is  a  question  of  maintaining  the  proper  surface  moisture 
conditions,  never  allowing  the  surface  to  dry  out.  This  procedure 
necessitates  frequent  irrigations.  After  a  good  stand  is  obtained  the 
irrigations  may  be  less  frequent.  However,  it  has  been  found  advis- 
able to  irrigate  about  once  a  week  during  the  pasturing  season. 
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Sweetclover,  either  the  white  or  yellow  variety,  is  often  used  as  a 
pasture  crop.  The  cows  seem  to  maintain  their  flesh  and  production 
just  as  well  on  this  pasture  as  on  grass  pasture.  However,  investiga- 
tions have  disclosed  that  the  carrying  capacity  of  sweetclover  is  less 
than  that  of  the  grass  mixtures.  It  has  been  found  that  sweetclover 
has  a  seasonal  carrying  capacity  of  196  cow-days  to  the  acre  as  com- 
pared to  230  cow-days  on  grass  pasture.  These  records  were  obtained 
with  cows  subsisting  entirely  on  the  pasture.  More  recent  tests  in- 
dicate that  the  Ladino  clover  and  Australian  ryegrass  pasture  mixture 
will  equal  or  exceed  all  former  carrying  capacities  of  pasture  mixtures. 
Pasturing  data  obtained  during  the  past  season  (1932)  on  a  1 -year-old 


Figure  6.— Variety  test  of  cabbages  and  melons  at  the  Newlands  Field  Station.  These  two  vegetables, 
as  well  as  a  relatively  large  number  of  other  vegetable  crops,  are  well  adapted  to  the  Newlands  project 
conditions. 


pasture  of  this  mixture  showed  a  carrying  capacity  at  the  rate  of  236 
cow-days  to  the  acre  (fig.  5). 

VEGETABLES 

As  far  as  yield  and  quality  are  concerned  a  number  of  vegetables 
may  be  produced  successfully  in  the  Fallon  area,  although  the  prob- 
lem of  marketing  at  remunerative  prices  has  restricted  extensive 
plantings.  However,  the  growing  of  vegetables  has  been  extensively 
practiced  and  undoubtedly  in  many  instances  could  be  expanded 
advantageously  in  order  to  supply  the  local  requirements  and  to  aid 
in  reducing  the  cost  of  living  on  the  farm  (fig.  6).  In  this  respect  the 
extent  to  which  the  home  garden  may  be  developed  into  a  substantial 
asset  is  often  underestimated.     A  large  part  of  the  living  expenses 
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of  the  home  may  be  met  by  a  well-planned  garden.  The  area  involved 
is  not  large,  usually  from  one-half  acre  to  an  acre  in  size,  depending 
on  the  number  in  the  family.  Where  irrigation  water  is  available  and 
the  drought  hazard  eliminated,  conditions  are  particularly  favorable 
for  a  garden  consisting  of  a  wide  range  of  vegetables  and  small  fruits 
to  supply  the  family  throughout  the  summer,  and  even  extending  into 
winter  months  if  a  surplus  is  provided  of  the  more  hardy  sorts  of  a 
character  adaptable  to  cellar  storage.  Numerous  variety  tests  have 
been  conducted  for  the  purpose  of  determining  those  best  suited  to 
the  local  conditions.  In  considering  the  desirability  of  the  different 
varieties  their  adaptability  to  local  conditions  as  well  as  their  quality 
has  been  emphasized. 

TOMATOES 

The  length  of  the  growing  season  on  the  Newlands  project  is  rather 
short  for  tomatoes;  therefore,  it  is  essential  that  early-maturing 
varieties  be  selected.  If  home-grown  plants  are  to  be  used,  the  seed 
should  be  planted  the  latter  part  of  March  in  the  greenhouse  or  hotbed 
and  transplanted  to  the  field  about  May  20  or  as  soon  as  danger  of 
frost  has  passed.  As  a  rule  the  first  tomatoes  are  ready  to  pick  about 
August  20. 

A  number  of  variety  tests  have  been  conducted.  The  results  of  8 
years'  tests,  previous  to  1925,  placed  the  seven  varieties  in  the  order 
of  production  as  given  in  table  10. 


Table  10. 


■Acre  yields  of  tomato  varieties  at  the  Xewlands  Field  Station  in  stated 
years 


Num- 
ber of 
years 
grown 

Acre  j 

ield  (tons)  in— 

Variety 

1914 

1915 

1916 

1917 

1921 

1922 

1923 

1924 

Aver- 
age 

Earliana. . 

6 
7 
6 
6 
6 
5 
7 

"~6.~3~ 
6.0 
5.0 
4.5 
3.7 
3.7 

3.5 
5.4 
1.0 
1.9 
1.9 
1.2 
1.6 

5.7 

3.9 

...... 

.1 

3.7 
4.4 
1.1 
1.0 
1.6 

7.6 

18.5 
19.5 

"~4.T 
10.5 

26.0 
18.9 
15.5 
11.4 

10  8 

Perfection. . 

9  0 

Ponderosa 

6.8 

Globe 

"~3.T 

10.1 
12.9 
7.5 
6.5 

5  0 

Stone 

4.0 

Golden  Queen 

4.5 
4.3 

4.2 

Dwarf  Champion... 

.3 

i.8 

2.2 

2.9 

Following  these  tests  another  variety,  the  June  Pink,  was  included. 
Its  flesh  is  deep  pink  and  quite  firm,  having  little  juice.  It  is  doubtful 
whether  this  variety  will  prove  to  be  a  good  canning  tomato  com- 
mercially. Many  produce  houses  prefer  a  red  tomato,  as  this  type 
sells  more  readily  than  those  of  lighter  shades.  However,  as  far  as 
the  farm  garden  is  concerned  the  June  Pink  variety  has  proved  to  be 
particularly  satisfactory  because  of  its  superior  yielding  qualities 
and  the  fine  texture  and  flavor  of  the  fruit. 


PEAS 


The  local  conditions  have  not  proved  to  be  particularly  satisfactory 
for  the  commercial  production  of  garden  peas,  although  they  may  be 
advantageously  included  in  the  farm  garden.  The  hot  dry  atmos- 
phere tends  to  develop  a  rather  small,  somewhat  off -flavored  pea.  The 
varieties  tested  were  Early  Alaska,  Early  Market,  and  Potlatch. 
Seeding  may  be  made  as  early  as  April  20,  and  if  planted  at  this  time 
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the  first  picking  should  be  available  about  the  middle  of  June.  In  the 
tests  conducted  Early  Alaska  matured  on  June  19,  followed  by  Early 
Market  on  June  24  and  by  Potlatch  on  July  7.  Potlatch  yielded 
heavier  than  either  of  the  other  two  varieties,  but  it  has  a  much 
coarser  texture  and  is  not  as  pleasing  to  the  taste  as  the  other  two. 
Potlatch  yielded  16  pounds  to  the  100-foot  row,  Early  Market  13 
pounds,  and  Early  Alaska  12  pounds.  As  far  as  palatability  is  con- 
cerned there  is  little  choice  between  the  Early  Alaska  and  the  Early 
Market. 

BEANS 

Satisfactory  results  have  been  obtained  with  beans,  and  this  vege- 
table is  to  be  recommended  for  the  home  garden.  Two  varieties  were 
tested  and  found  to  be  reliable  bearers  and  of  good  quality.  The 
pole  variety  known  as  the  Kentucky  Wonder  and  the  bush  type  called 
Sure  Crop  have  been  grown  a  number  of  years  with  success.  Spring 
frosts,  which  occur  in  this  locality  on  an  average  as  late  as  May  19, 
necessitate  relatively  late  planting.  However,  the  warm  weather  of 
late  May,  June,  and  July  rapidly  matures  the  vines.  In  the  tests 
conducted  the  average  planting  date  fell  on  May  23,  and  the  first 
picking  date  on  July  29  for  the  Sure  Crop  variety  and  on  August  5 
for  the  Kentucky  Wonder.  The  Sure  Crop  produced  49  pounds  to 
the  100-foot  row  and  Kentucky  Wonder  41  pounds. 

CUCUMBERS 

This  crop  does  exceptionally  well  under  local  conditions,  and  a  few 
vines  will  supply  the  needs  of  the  family.  The  vines  mature  rapidly 
and  are  very  prolific.  It  is  customary  to  plant  in  single  rows  4  feet 
apart. 

The  varieties  tested  were  Evergreen  Pickling  and  Davis  Perfect. 
The  planting  date  averaged  May  11  and  the  first  picking  may  be 
expected  between  the  middle  and  latter  part  of  July,  or  about  70 
days  after  planting.  There  did  not  seem  to  be  an  appreciable  differ- 
ence between  the  two  varieties  in  the  length  of  time  elapsing  from 
planting  to  first  picking  date.  The  yields  recorded  favored  the  Davis 
Perfect,  which  produced  375  pounds  to  the  100-foot  row  as  compared 
with  282  pounds  for  the  Evergreen  Pickling  variety. 

ONIONS 

Various  tests  have  been  made  with  this  crop  from  time  to  time. 
The  climatic  and  soil  conditions  of  the  Newlands  project  have  proved 
well  adapted  to  this  vegetable.  The  chief  drawback  to  raising  onions 
for  an  outside  market  is  the  wide  range  of  prices  paid  from  year  to 
year.  Onion  production  other  than  to  supply  the  local  markets  has 
proved  to  be  a  hazardous  enterprise. 

In  the  test  plantings  the  usual  double-row  system  was  adopted, 
each  double  row  occupying  3  feet  of  space.  The  plantings  were  made 
on  the  average  date  of  April  23  and  harvested  about  the  middle  of 
October.  Six  varieties  were  chosen  as  best  from  the  results  obtained 
in  former  tests.  They  were  Yellow  Globe  Danvers,  Mammoth 
Yellow  Prizetaker,  Ohio  Yellow  Globe,  Red  Wethersfield,  Mountain 
Danvers,  and  Riverside  Sweet  Spanish.  The  latter  is  a  new  variety 
grown  for  the  first  time  at  the  Newlands  station  in  1928.  It  yielded 
well  and  was  exceptionally  large,  well  formed,  and  mild.  The  yields 
per  100-foot  row  are  given  in  table  11. 
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CABBAGE 

Each  year  cabbage  seed  is  planted  under  glass  in  coldframes  and 
the  plants  are  later  transplanted  to  the  garden.  The  average  date  of 
this  transplanting  was  May  24.  The  mature  cabbages  have  been 
harvested  about  mid-October  and  stored  for  winter  use.  Generally 
the  method  of  storing  was  to  bury  the  cabbage  in  a  dry  sandy  soil 
with  the  head  down. 

They  were  planted  in  single  rows  3  feet  apart.  The  yields  recorded 
per  100-foot  row  are  given  in  table  11. 

SWEET  CORN 

This  crop  does  well  on  old  alfalfa  land,  but  usually  does  not  produce 
well  on  new  land.  The  greatest  difficulty  connected  with  growing 
corn  is  the  corn  ear  worm.  Thorough  dusting  of  the  silk  with  sodium 
fluosilicate  or  pyre  thrum  preparations  will  prevent  serious  injury 
of  the  ear  by  this  pest.  Early-maturing  varieties  should  be  planted. 
Golden  Bantam  is  a  particularly  sweet  and  well-flavored  variety  and 
is  a  satisfactory  producer. 

PUMPKINS  AND  SQUASHES 

Most  varieties  of  pumpkin  and  squash  do  well  under  local  conditions, 
and  a  few  vines  of  each  should  be  included  in  the  farm  garden.  A  few 
vines  of  the  White  Bush  Scallop,  Summer  Crookneck,  and  Hubbard 
squashes  will  guarantee  an  ample  supply  of  these  vegetables  for  the 
summer  and  fall,  and  for  winter  storage.  The  most  desirable  pump- 
kins for  winter  storage  are  the  smaller  varieties  like  Small  Sugar  and 
pie  pumpkins. 

ASPARAGUS 

As  asparagus  is  a  perennial  crop  it  should  be  located  where  it  will 
not  conflict  with  the  operations  incident  to  caring  for  annual  plantings. 
Usually  1-  or  2-year  old  roots  are  planted  in  well-manured  trenches 
about  8  inches  deep  and  18  inches  apart  in  the  row,  the  rows  being 
about  2  feet  apart.  Usually  the  crop  is  not  harvested  the  first  year 
and  only  rather  sparingly  the  second.  Commencing  with  the  third 
year  the  early  sprouts  are  cut  below  the  ground  surface  as  they  appear. 
Toward  the  end  of  June  harvesting  is  stopped,  and  the  plants  are  al- 
lowed to  produce  their  normal  growth  of  tops.  These  are  cut  off 
during  the  fall.  One  essential  to  maximum  yield  of  asparagus  in 
this  section  is  heavy  fertilization,  which  may  be  advantageously 
accomplished  by  heavy  applications  of  w^ell-rotted  manure. 

BEETS 

Garden  beets  as  a  general  rule  are  well  adapted  to  the  local  condi- 
tions. They  withstand  some  salt  and  therefore  may  be  grown  in 
some  areas  that  might  not  be  adapted  for  other  more  sensitive  crops. 
However,  some  years  the  curly-top  disorder  causes  an  almost  complete 
loss  of  the  beet  crop.  The  variety  usually  grown  is  one  of  the  globular- 
shaped  types,  such  as  Crosby  Improved  Egyptian. 
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CARROTS 

Carrots  thrive  in  this  section,  although  some  gardeners  occasionally 
experience  some  trouble  in  obtaining  a  stand.  The  difficulty  is 
generally  due  to  crusting  or  baking  of  the  surface  of  the  soil.  Carrot 
seeds  are  small  and  slow  in  germinating;  therefore  it  is  necessary  to 
maintain  moisture  in  the  surface  soil  by  frequent  light  applications  of 
water.  Carrots  diig  in  the  fall  may  be  buried  in  dry  sand  and  stored 
for  winter  use.  The  varieties  commonly  planted  are  the  small  short 
varieties  like  Improved  Chantenay. 

OTHER  VEGETABLE  CROPS 

Other  vegetables  which  may  well  be  included  are  lettuce  and  turnips. 
The  former  should  be  planted  early  in  the  spring  or  late  in  August  in 
order  to  avoid  the  maximum  summer  temperatures .  The  same  practice 
should  be  followed  with  turnips,  the  earlier  planting  for  midsummer 
use  and  the  later  for  winter  storage.  Limited  plantings  of  celery  have 
been  made  with  success,  but  extensive  plantings  are  not  to  be  rec- 
ommended. 

A  summary  of  the  results  obtained  with  certain  of  the  more  impor- 
tant vegetables  discussed  in  the  foregoing  paragraphs  are  recorded  in 
table  11. 

Table  11. — Summary  of  the  J^-year  average  results  with  certain  of  the  more  important 
vegetables  tested  at  the  Newlands  Field  Station 


Crop 


Width  of 
row- 


Average 

yield  per 

100-foot  row 


Average  date  of 
planting 


Average  date 
of  first  pick- 
ing 


Feet 


Early  Alaska 

Early  Market 

Potlatch 

ins: 

Sure  Crop 

Kentucky  Wonder 

Cucumbers: 

E  vergreen  Pickling 

Davis  Perfect 

Onions: 

Yellow  Globe  Dan  vers 

Ohio  Yellow  Globe 

Mammoth  Yellow  Prizetaker 

Red  Wethersfield 

Mountain  Danvers 

Riverside  Sweet  Spanish 

Cabbage: 

Ideal  Winter.. 

Sure  Head 

Jersey  Wakefield 

Flat  Dutch.. 


Pounds 


282 
375 


41 
76 
31 
45 
02 

122 
126 
80 
134 


Apr.   23. 

do.. 

do.. 

May  23. 
do.. 

JMay  11. 


Apr.  23. 


•May  24. 


June  19. 
June  24. 

July  7. 

July  29. 
Aug.  5. 

July  19. 


Oct.  16. 


Oct.  18. 


FRUIT  CROPS 

It  is  doubtful  whether  fruit  production  on  a  commercial  scale  is  a 
promising  industry  on  the  Newlands  project  because  the  section  is 
subject  to  late  spring  frosts.  Furthermore,  the  soil  characteristic  of 
much  of  the  area  is  not  favorable  for  a  satisfactory  tree  growth.  A 
relatively  high  water  table  is  encountered  on  many  farms,  and  where 
such  a  condition  exists  the  life  of  the  trees  is  of  short  duration .  The 
higher  elevations  where  better  air  and  underground  water  drainage 
exist  have  been  found  better  adapted  to  fruit  production. 
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Since  the  establishment  of  the  Newlands  station  extensive  tests 
have  been  made  of  various  fruits  and  varieties.  Among  the  list  of 
those  indicating  the  greatest  promise  are  apples.  Of  the  summer  and 
early  fall  varieties,  those  that  have  proved  the  most  satisfactory  are 
the  following:  Yellow  Transparent,  Red  June,  Maiden  Blush,  and 
Red  Astrachan.  Those  that  may  be  included  for  fall  and  early  winter 
use  are  Wagener,  Mcintosh,  Wealthy,  Northwestern  Greening,  and 
Rhode  Island  Greening.  Satisfactory  winter  varieties  are  Jonathan, 
White  Pearmain,  Rome  Beauty,  Northern  Spy,  Delicious,  and  Golden 
Delicious.  Other  winter  varieties  that  have  been  under  observation 
but  which  have  proved  less  desirable  are  Arkansas  Black,  Baldwin, 
Stayman  Wlnesap,  Winter  Banana,  Yellow  Bellflower,  Esopus 
Spitzenburg,  and  Gano.  Of  the  crab  apples  the  Transcendent  variety 
has  given  good  results. 

The  next  most  promising  fruit  crops  have  proved  to  be  plums  and 
grapes.  The  most  satisfactory  varieties  of  the  plums  tested  are  Bur- 
bank,  Omaha,  Red  June,  Blue  Damson,  Opata,  Wachampa,  and 
Compass  Cherry  (hybrid  sand  cherry).  Varieties  that  have  proved  less 
reliable  are  the  Bradshaw,  Sapa,  and  Wild  Goose.  On  the  better 
types  of  soils,  including  the  higher  lands  and  the  more  open  river- 
bottom  soils,  good  results  may  be  obtained  from  the  Concord  variety 
of  grapes.  Fairly  good  results  may  be  expected  from  the  Niagara, 
Diamond,  Brighton,  and  Worden  varieties. 

At  least  for  the  farm  home,  a  few  pear  trees  may  be  added  advanta- 
geously to  the  list  of  fruit  trees.  Included  in  the  varieties  tested  are 
Kieffer,  Winter  Nelis,  Rossney,  Seckel,  Anjou,  Bartlett,  Flemish 
Beauty,  Barry,  and  Duchesse  d'Angouleme.  Of  this  list  the  first  four 
have  proved  to  be  the  most  desirable  when  adaptability  to  the  local 
conditions,  disease  resistance,  and  reliability  of  bearing  are  considered. 

Five  varieties  of  peaches  have  been  under  observation,  and  while 
usually  some  fruit  is  matured  every  year,  a  heavy  crop  is  produced 
only  rarely.  The  best  results  have  been  obtained  from  the  J.  H.Hale, 
Late  Crawford,  and  Elberta  varieties.  The  Illinois  and  Phillips  Cling 
have  proved  to  be  less  reliable  bearers. 

For  extensive  plantings  cherries  are  not  recommended  for  the  New- 
lands  project,  although  on  the  better  soil  types  which  are  well  drained 
some  success  may  be  expected  from  the  Early  Richmond,  Late  Duke, 
Montmorency,  and  Ostheim. 

Owing  to  their  early-flowering  habits,  apricots  are  not  adapted  to 
the  conditions  existing  in  western  Nevada  characterized  by  the 
Newlands  project. 

If  soil  conditions  are  favorable,  such  small  fruits  as  blackberries, 
raspberries,  and  strawberries  may  be  added  to  the  fruit  plantings  for 
home  consumption.  If  success  is  to  be  expected,  a  well-drained  soil 
free  from  salt  is  essential,  as  these  small  fruits  are  highly  susceptible 
even  to  very  low  concentrations  of  salt  in  the  soil  solution. 

DAIRYING 

During  the  World  War  the  high  prices  paid  for  hay  caused  many 
farmers  to  dispose  of  their  cows,  but  the  growth  of  the  dairy-cow 
population  of  the  Newlands  project  has  been  consistent  and  substan- 
tial from  1919  to  1927.  The  downward  trend  of  hay  prices  following 
the  war  caused  farmers  to  seek  more  profitable  outlets  for  their  feed 
through  utilizing  the  dairy  cow.     The  quarantine  against  the  shipment 
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of  alfalfa  hay  was  still  another  factor  which  contributed  to  the 
increase  in  dairy  cows.  The  number  of  dairy  stock  reached  its  peak 
during  1927,  and  since  then  there  has  been  a  slight  decrease. 

Kelatively  small  amounts  of  whole  milk,  cream,  and  butter  are 
consumed  locally.  The  surplus  milk  is  separated  on  the  farm  and  the 
cream  sold  on  a  butterfat  basis.  The  greater  portion  of  the  cream 
is  shipped  to  California  creameries;  about  one-third  is  purchased  by  a 
local  creamery.  Most  of  the  butter  produced  by  the  local  creamery 
is  shipped  to  Los  Angeles.  During  1929  over  1,000,000  pounds  of 
butterfat  was  marketed  from  the  project. 

The  greater  proportion  of  the  milk  cows  on  the  project  are  grade 
cows  of  the  Holstein-Friesian  breed.  The  method  of  feeding  and  the 
lack  of  demand  for  whole  milk  are  perhaps  the  important  factors  in 
determining  the  breed  selected.  Alfalfa  hay  is  extensively  fed.  As  a 
result  heavy  animals  with  large  capacities  are  in  greater  demand  than 
individuals  of  smaller  breeds.     The  relatively  low  cost  of  alfalfa  hay 


Figure  7.— Dairy  scene  showing  alfalfa  hay  stacked  out  of  doors  and  feeding  racks  in  the  corral. 

has  militated  against  the  feeding  of  high-priced  concentrates.  A  few 
attempts  have  been  made  to  feed  some  grain,  but  most  of  the  feeding 
has  been  alfalfa  hay  exclusively  (fig.  7). 

In  order  that  some  light  might  be  thrown  on  the  relation  of  feeds 
to  the  cost  of  production  and  the  effect  of  feeds  on  the  cow's  body 
functions,  a  dairy-feeding  experiment  was  inaugurated  in  cooperation 
with  the  Nevada  Agricultural  Experiment  Station  in  the  fall  of  1925. 
Different  rations  of  hay,  grain,  pasture,  silage,  etc.,  were  fed  during 
the  subsequent  7  years.  The  hay  used  was  alfalfa,  as  it  was  readily 
obtainable,  being  practically  the  only  roughage  grown.  Barley  and 
bran,  the  latter  being  obtained  as  a  byproduct  from  the  local  flour-mill 
operations,  and  some  corn  were  used  as  concentrates.  Grade  Holstein 
cows  were  used  throughout  this  experiment. 

One  of  the  chief  objects  of  the  experiment  was  to  determine  whether 
cows  on  a  straight  hay  ration  would  maintain  a  satisfactory  level  of 
productivity  without  encountering  difficulties  due  to  lack  of  some 
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vital  element  of  nutrition.  The  results  of  this  experiment,  covering  a 
7-year  period,  indicate  that  cows  fed  on  a  ration  of  alfalfa  hay  main- 
tained their  production  at  a  satisfactory  high  standard  and  maintained 
good  body  flesh.  The  feeding  of  grain  increased  production,  but  in 
most  cases  the  cost  of  the  added  grain  exceeded  the  value  of  the  in- 
creased product.  However,  other  factors  must  be  considered  than 
efficiency  of  production.  There  is  the  question  of  body  health  and  of 
sterility.  This  latter  disorder  has  resulted  in  rather  heavy  losses  in 
certain  herds.  It  is  encountered  not  only  in  the  individuals  of  the 
milking  herd,  but  in  heifers.  From  this  investigation  it  has  been 
found  that  the  continuous  feeding  of  alfalfa  hay  without  any  supple- 
mentary grain  feed  has  had  no  detrimental  effect  on  the  cow's  health 
or  ability  to  breed.  As  little  sickness  occurred  in  those  groups 
receiving  an  all-hay  ration  as  in  those  groups  receiving  grain  as  well 
as  hay.  The  number  of  breedings  required  per  calf  was  not  of 
sufficient  difference  between  the  grain  and  all-hay  groups  to  warrant 
any  conclusions  as  to  the  breeding  efficiency  of  the  two  groups. 

The  feeding  of  corn  silage  has  not  proved  to  be  profitable  on  the 
basis  of  net  returns.  It  was  possible  to  maintain  the  milk  flow  of  the 
individual  cow  at  a  higher  level  with  silage,  but  the  cost  of  producing 
that  feed  was  too  great.  Under  local  conditions  it  would  at  least  be 
necessary  to  produce  3  tons  of  silage  at  the  cost  required  to  produce 
1  ton  of  alfalfa  hay.  It  is  rather  doubtful  whether  this  can  be 
accomplished.  Here  again  the  question  of  improved  bodily  functions 
might  enter.  The  same  conclusion  may  be  drawn  from  silage 
feeding  as  from  grain,  that  is,  the  cows  receiving  silage  did  not  show 
better  health  conditions  nor  was  their  breeding  efficiency  greater  than 
that  of  hay-fed  cows. 

The  question  of  pastures  is  an  entirely  different  matter.  The  feed 
obtained  from  an  acre  of  pasture,  when  credit  is  given  the  cows  for 
harvesting  the  crop,  has  compared  favorably  with  the  feed  obtained 
from  an  acre  of  harvested  hay.  The  results  of  the  first  5  years  of  the 
investigations  with  dairy  cows  are  summarized  in  a  recent  bulletin  (8). 

HOGS 

The  production  of  pork  has  never  been  extensively  featured  as  a 
farm  enterprise  in  the  Fallon  area.  The  three  feeds  most  suitable  for 
pig  raising  that  are  produced  on  the  project  are  alfalfa,  grain,  and 
skim  milk. 

The  number  of  hogs  on  the  project  has  fluctuated  within  wide  limits. 
The  peak  in  numbers  was  reached  in  1916.  In  recent  years  there  has 
been  an  average  yearly  number  of  about  2,500  head.  Until  recently 
it  was  thought  that  the  production  of  pork  under  local  conditions 
could  be  advantageously  expanded.  Investigations  conducted  at  the 
Newlands  Field  Station,  as  well  as  on  private  farms,  on  the  cost  of 
producing  pork  have  left  some  doubt  whether  the  prices  which  have 
been  paid  locally  for  finished  pork  warrant  much  encouragement  for 
expansion  of  this  enterprise.  Generally  the  production  of  pork  is  a 
natural  adjunct  to  dairying  when  skim  milk  is  available.  However, 
in  recent  years  the  turkey-growing  enterprises  of  the  project  have 
consumed  more  of  the  skim  milk  produced  than  formerly,  as  it  has 
been  found  difficult  to  produce  healthy  growth  in  young  turkeys  unless 
some  skim  milk  or  mashes  containing  dried  milk  are  fed.     Moreover, 
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the  returns,  per  gallon  of  milk  fed,  from  turkeys  have  been  in  excess 
of  those  from  hogs.  There  have  been  2  or  3  months  of  the  year, 
following  the  holiday  sales,  when  some  unused  skim  milk  has  remained, 
but  as  a  rule  poultry,  calves,  and  the  few  hogs  on  the  project  have 
consumed  all  the  skim  milk  produced.  However,  it  seems  logical 
that  farmers  should  keep  a  few  hogs  as  a  source  of  pork  to  supply,  at 
least  partially,  their  own  as  well  as  the  local  requirements. 

In  the  investigations  conducted  at  the  Newlands  station  of  methods 
of  feeding  hogs,  alfalfa  has  been  used  as  roughage,  fed  both  as  hay  or 
pasture.  The  balance  of  the  ration  has  been  skim  milk  and  barley. 
Usually  the  hogs  were  allowed  all  the  roughage  they  would  eat,  but 
several  methods  of  feeding  the  skim  milk  and  barley  have  been 
tested  (2).  The  cost  of  the  alfalfa  hay  or  the  pasture  has  always  been 
one  of  the  lesser  items  of  expense  in  feeding  hogs  under  local  conditions, 
as  hay  has  rarely  had  a  value  of  over  $8  or  $9  per  ton  in  the  stack. 

SHEEP 

Large  flocks  of  sheep  are  brought  in  from  the  mountain  ranges 
annually  to  be  winter-fed  on  the  project.  The  number  fed  each  year 
has  varied  with  the  price  of  mutton  and  the  cost  of  the  hay.  Gen- 
erally there  is  available  a  few  thousand  tons  of  alfalfa  hay  not  used 
by  the  local  farmers  in  their  year-round  feeding  practices.  Much  of 
this  hay  is  purchased  locally,  ground  into  meal,  and  shipped  out  of 
the  State.  Surpluses  that  remain  have  been  utilized  for  feeding 
range  stock  during  the  winter  months.  Sometimes  the  hay  is  pur- 
chased outright  on  stack  measurements,  or  deals  are  made  whereby 
the  purchaser  pays  so  much  per  head  of  stock  fed.  In  either  case  the 
farmer  generally  provides  feeding  facilities  such  as  corrals,  feed  racks, 
and  water. 

Sheep  are  generally  accompanied  by  their  herdsmen  from  the  ranges. 
These  caretakers  see  that  the  sheep  are  properly  fed  and  cared  for 
throughout  the  winter.  As  a  general  rule  the  late  fall  months  are 
spent  pasturing  alfalfa  stubble.  Later  the  sheep  are  placed  in  corrals 
and  fed  alfalfa  hay  for  the  rest  of  the  winter.  Sometimes  the  hay 
ration  is  supplemented  with  grain  or  cottonseed  cake. 

BEEF  CATTLE 

Conditions  on  the  project  for  beef  cattle  are  similar  to  those  for 
sheep.  Some  farmers  maintain  small  herds  that  graze  on  nearby 
waste  land  during  the  summer  and  are  fed  hay  during  the  winter 
months.  These  herds  are  known  as  farm  herds.  Census  figures 
indicate  that  during  the  period  from  1914  to  1932  the  number  of  ani- 
mals in  such  herds  have  shown  a  yearly  average  of  about  5,500  head. 
The  peak  was  reached  in  1918,  when  8,800  head  were  reported  in  farm 
herds. 

The  Newlands  reclamation  project  and  adjoining  irrigated  areas  in 
western  Nevada  are  distinct  assets  to  the  range  operations  of  cattle- 
men as  well  as  sheepmen.  At  times  substantial  purchases  of  alfalfa 
hay  are  made  by  these  beef  growers  to  supplement  the  range  feed 
during  the  winter  months  and  to  avoid  severe  losses  which  otherwise 
would  be  experienced  when  periods  of  extreme  drought  occur.  It  is 
also  a  customary  practice  for  beef  cattle  to  be  brought  in  from  the 
ranges  and  finished  for  the  market.     Where  such  a  procedure  has 
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been  followed  the  cattle  are  confined  in  feed  lots  for  3  or  4  months  and 
fed  alfalfa  hay  and  generally  some  grain  or  cottonseed  cake.  The 
same  method  of  purchasing  hay  is  practiced  for  cattle  feeding  as  for 
sheep  feeding.  It  is  bought  either  in  the  stack  or  on  the  basis  of  the 
number  of  head  fed.  Generally  the  deal  calls  for  the  actual  feeding 
to  be  done  by  the  owner  of  the  hay. 

POULTRY 

CHICKENS 

The  climatic  conditions  on  the  Newlands  project,  together  with  the 
small  capital  requirements  and  quick  returns  on  the  investment,  have 
been  factors  in  stimulating  poultry  production.  Since  1920  poultry 
other  than  turkeys  have  more  than  doubled  in  numbers.  During  1920 
there  were  over  28,000  and  in  1930  there  were  89,000.     In  1932, 
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Figure  8.— Flock  of  turkeys  on  a  Newlands  project  farm. 

13,000  cases  of  eggs  were  sold,  aside  from  the  eggs  consumed  by  the 
farm  families. 

Of  the  poultry  diseases,  some  coccidiosis  and  white  diarrhea  occur 
among  the  baby  chicks.  As  a  rule  it  has  been  possible  for  the  poultry- 
men  to  take  precautionary  measures  in  time  to  prevent  serious  out- 
breaks. Chicken  pox  is  the  most  serious  disease  affecting  the  laying 
flocks.     This  has  been  effectively  controlled  by  vaccination. 

TURKEYS 

Because  of  favorable  climatic  conditions,  western  Nevada  has 
proved  to  be  well  adapted  to  the  production  of  turkeys.  The  light 
rainfall  and  arid  atmospheric  conditions  prevailing  during  the  growing 
season  are  an  aid  in  avoiding  excessive  losses.     The  success  that  was 


34         TECHNICAL   BULLETIN    464,  U.  S.  DEFT.  OF   AGRICULTURE 

being  realized  by  farmers  during  the  period  1920  to  1928  is  evidenced 
by  the  increase  in  the  number  of  turkeys  kept  during  those  years 
(fig.  8).  In  1920,  3,600  turkeys  were  raised  on  the  project.  This 
number  had  increased  to  a  maximum  of  nearly  58,000  in  1928.  The 
decline  in  prices  paid  the  growers  subsequent  to  1928  discouraged 
growers,  with  the  result  that  the  agricultural  census  reported  only 
about  38,000  turkeys  on  the  project  in  1932. 

Definite  progress  has  been  made  in  solving  some  of  the  more  acute 
problems  that  have  confronted  turkey  growers3  (1,  12). 

Investigations  have  disclosed  that  the  most  important  items  in 
growing  turkeys  successfully  are  sanitation  and  proper  feed.  Sani- 
tation will  prevent  the  entrance  of  disease,  the  naturally  dry  atmos- 
phere and  sunshine  being  the  greatest  allies  of  the  grower.  Ample 
feed  of  the  right  kind  will  maintain  vitality  and  rapid,  healthy  growth. 
Coccidiosis  sometimes  occurs  among  the  turkey  poults  when  they  are 
3  or  4  weeks  old.  Blackhead  has  at  times  been  a  limiting  factor  in 
successful  turkey  production  and  some  losses  have  occurred  as  a 
result  of  chicken  pox  and  roup.  Methods  of  combating  these  diseases 
successfully  have  been  devised,  with  the  result  that  the  losses  which 
formerly  were  a  serious  factor  are  now  materially  reduced. 

SUMMARY 

This  bulletin  discusses  the  agricultural  conditions  on  the  Newlands 
reclamation  project,  which  is  located  in  western  Nevada.  The  results 
from  some  of  the  more  outstanding  and  useful  investigations  conducted 
at  the  Newlands  Field  Station,  located  on  the  project,  are  included. 

The  soils  of  the  Newlands  project  are  extremely  spotted,  ranging 
from  a  coarse  sand  to  a  compact  adobe.  In  their  virgin  state  the 
heavier  soil  types,  particularly,  contain  appreciable  quantities  of 
soluble  salts. 

The  weather  conditions  characteristic  of  the  region  are  summarized 
for  the  22-year  period,  1906  to  1927,  and  are  given  in  detail  for  the 
years  1928  to  1932. 

The  agricultural  conditions  on  the  project  for  the  21-year  period, 
1912  to  1932,  are  recorded,  showing  the  trends  in  acreage  of  the  differ- 
ent crops.  Alfalfa  has  been  the  chief  crop  grown  from  the  standpoint 
of  acreage  as  well  as  from  that  of  total  value.  A  summary  of  the 
livestock  population  maintained  on  the  project  from  1912  to  1932  is 
included. 

The  results  of  land-reclamation  investigations  conducted  at  the 
Newlands  station  are  reported.  The  importance  of  careful  land  prep- 
aration is  stressed  in  order  that  adequate  penetration  may  be  attained 
when  irrigation  water  is  applied.  The  effectiveness  and  practica- 
bility of  land  reclamation  by  chemical  treatments  are  considered. 
Relatively  satisfactory  results  have  been  obtained,  but  the  costs  have 
been  excessive. 

The  results  obtained  by  the  adoption  of  improved  cultural  practices 
are  discussed.  By  adding  humus  to  the  soil,  together  with  the  in- 
tensive application  of  certain  improved  irrigation  and  cultural  prac- 
tices, tracts  of  land  have  been  successfully  reclaimed  at  an  expense 
materially  less  than  they  could  have  been  with  chemical  treatments. 

s  Scott,  V.  E.,  and  Schulz,  O.     results  of  turkey  efficiency  study  in  western  Nevada.     Nev. 
Agr.  Expt.  Sta.  News  Bull.  v.  6;   no.  7.    1932.    [Mimeographed.] 
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As  alfalfa  is  the  chief  crop  grown  on  the  Newlands  reclamation 
project,  the  cultural  practices  involved  in  the  successful  production 
of  this  crop  are  discussed. 

The  results  of  experiments  with  other  crops,  including  variety  tests, 
are  recorded,  among  the  crops  being  cereals,  corn,  potatoes,  canta- 
loups, and  pasture  grasses. 

The  value  of  the  home  garden  is  stressed,  numerous  variety  tests 
of  vegetable  crops  having  been  made  with  different  cultural  practices. 

The  extent  to  which  fruit  crops  may  be  advantageously  included 
in  the  farm  program  is  discussed.  The  evidence  thus  far  accumulated 
indicates  that  fruit  production  on  a  commercial  scale  is  not  promising 
although  the  value  of  small  plantings  for  producing  fruit  for  home 
consumption  should  not  be  ignored. 

Various  phases  of  the  livestock  developments  on  the  project  are 
considered.  Dairying  is  the  one  most  extensively  engaged  in.  The 
production  of  poultry,  particularly  the  raising  of  turkeys,  has  proved 
to  be  second  in  importance. 
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INTRODUCTION1 


The  celery  leaf  tier,  or  greenhouse  leaf  tier  {Phlyctaenia  rubigalis 
Guenee),  is  one  of  the  most  widely  and  uniformly  distributed  insects 
in  the  United  States  and  is  a  well-known  pest  of  chrysanthemums 
and  other  greenhouse  plants.  It  is  found  in  every  area  where  celery 
is  grown,  but  until  10  years  ago  had  never  been  reported  as  a  se- 


xThis  bulletin  is  one  of  a  series  of  papers  on  the  factors  controlling  the  abundance 
of  the  celery  leaf  tier  in  Florida.  It  deals  entirely  with  the  broader  biological  relation- 
ships of  the  problem,  and  most  of  the  detailed  information  upon  which  it  is  based 
is  reserved  for  publication  in  more  technical  papers,  which  will  discuss  (1)  the  life 
history  of  the  celery  leaf  tier,  (2)  birds  in  relation  to  the  celery  leaf  tier,  (3)  insect 
parasites  of  the  celery  leaf  tier,  (4)  cycles  of  winter  temperature  in  Florida  in  relation 
to  the  celery  leaf  tier,  and  (5)  the  control  of  the  celery  leaf  tier  in  Florida. 
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riously  injurious  pest  in  the  field,  except  in  certain  localities  in 
southern  California. 

Very  little  has  been  published  on  the  factors  affecting  the  control 
of  P.  rutigalis.  Weigel  et  al.  (13) 2  have  described  its  habits  and  food 
plants  and  have  presented  results  of  detailed  studies  on  the  length 
of  the  different  stages,  the  seasonal  life  history  in  the  greenhouse, 
and  experiments  in  fumigation,  but  with  no  indication  of  the  tem- 
perature or  humidity  under  which  the  observations  and  experiments 
were  made.  Campbell  (3)  discussed  the  relation  of  sugar-beet  fields 
to  the  infestation  of  the  tier  in  Orange  County,  Calif.,  and  gave 
the  seasonal  history  and  the  duration  of  life-history  stages,  together 
with  the  temperature  during  the  period. 

THE  OUTBREAK  AT  SANFORD,  FLA. 

The  celery  leaf  tier  has  occurred  in  the  Florida  celery  fields  ever 
since  celery  was  first  cultivated  there  in  1899,  but  until  recently  has 
not  been  considered  a  pest. 

Early  in  the  spring  of  1923  this  insect  increased  in  numbers  in 
certain  localities  in  the  Sanford  district  until  it  seriously  injured 
a  large  part  of  the  late  celery  crop.  In  1924  the  injury  was  some- 
what less,  but  in  1925  another  destructive  outbreak  occurred.  The 
cumulative  losses  of  the  three  seasons  threatened  the  stability  of 
the  celery  industry  and,  as  a  result  of  an  appeal  for  help,  a  cooper- 
ative investigation  was  organized  by  the  Florida  State  Plant  Board 
and  the  Bureau  of  Entomology  of  the  United  States  Department  of 
Agriculture. 

The  fact  that  an  insect,  well  known  but  never  heretofore  abun- 
dant, should  suddenly  jump  to  the  rank  of  a  major  pest,  becoming 
a  limiting  factor  in  the  production  of  late  celery,  suggested  a  radical 
departure  from  the  normal  in  one  or  more  of  the  factors  entering 
into  the  balance  maintained  by  nature.  Although  the  immediate 
need  was  for  an  efficient  method  of  controlling  the  pest  without 
leaving  a  poisonous  residue  on  the  celery,  it  was  recognized  that 
an  equally  important  problem  was  to  ascertain  whether  this  out- 
break was  the  .inevitable  result  of  a  continually  increasing  concen- 
tration of  the  celery  industry  and  could  be  expected  to  continue  in- 
definitely, or  whether  it  had  been  brought  about  by  extreme  fluctua- 
tions in  climatic  or  biological  factors  which,  when  they  returned 
to  normal,  might  be  expected  to  reduce  the  tier  to  its  previous 
noninjurious  status. 

Celery  grows  only  in  the  winter  and  early  spring  in  Florida,  and 
the  three  celery  seasons  that  ensued  after  this  investigation  was  begun 
were  widely  different  in  every  way.  The  first  season  (1925-26)  was 
cold  and  wet,  and  the  celery  leaf  tier  did  no  commercial  injury.  The 
second  season  (1926-27),  on  the  other  hand,  was  extremely  warm 
and  comparatively  dry,  and  the  injury  would  have  been  far  worse 
than  in  previous  years  had  not  efficient  control  methods  been  de- 
veloped. The  third  season  (1927-28)  was  slightly  colder  than  nor- 
mal and  very  dry,  and  although  the  tier  fluctuated  in  numbers  with 
the  changes  in  temperature,  it  caused  no  commercial  injury. 

The  first  problem  was  to  establish  a  satisfactory  method  of  control 
without  the  use  of  arsenicals.     This  problem  was  happily  solved  and 

2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  54. 
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the  results  of  the  research  have  been  published  (7,  9).  In  addition, 
however,  the  authors  have  been  able  to  work  out,  at  least  in  a  pre- 
liminary way,  an  extremely  complicated  biological  complex  involv- 
ing two  host  plants,  four  leaf  tiers,  three  insect  parasites,  several 
birds,  a  fungus,  a  bacterial  disease,  and  a  number  of  insect  predators, 
all  intimately  associated  in  an  unstable  balance  largely  influenced 
by  temperature  factors  involving  inhibiting  maxima  as  well  as 
minima. 

GENERAL  ECOLOGICAL  RELATIONS 

TEMPERATURE  THE  DETERMINING  FACTOR  IN  THE  LOCATION  OF  CELERY- 

PRODUCING  AREAS 

In  order  to  analyze  the  factors  that  normally  control  the  leaf  tier 
in  the  various  celery-producing  areas  it  was  necessary  to  ascertain 
what  the  forces  are  that  have  determined  the  location  of  commercial 
celery  production  in  North  America.  Celery,  like  lettuce,  is  known 
to  be  very  restricted  in  its  adaptations  to  temperature.  In  nature  it 
is  a  biennial,  seeding  in  the  spring  and  developing  the  young  plants 
in  the  fall.  After  the  plant  recovers  from  the  winter  temperature  it 
soon  develops  a  seed  stalk.  In  commercial  production  it  is  necessary 
to  keep  the  temperature  of  the  seed  bed  from  falling  much  below  a 
mean  of  60°  F.,  or  the  resulting  plants  will  go  to  seed  in  the  field  (10) . 
After  having  been  transplanted  to  the  field,  celery  can  stand  mean 
temperatures  below  50°  F.,  provided  the  minimum  temperatures  do 
not  drop  below  22°  or  24°,  but  when  the  mean  temperatures  range 
above  74°  in  either  fall  or  spring  the  plant  deteriorates  rapidly.  As 
celery  does  not  mature  until  it  has  been  from  6  to  8  weeks  in  the  seed 
bed  and  from  3  to  5  months  in  the  field,  it  can  be  grown  successfully 
only  in  regions  that  afford  relatively  long  periods  within  this  tem- 
perature range. 

With  the  extension  of  distribution  facilities,  the  production  and 
consumption  of  celery  have  increased  rapidly.  The  car-lot  shipments 
of  celery  (table  1)  more  than  doubled  in  the  10-year  period  ended 
with  the  season  1926-27,  and  there  has  been  a  considerable  shift  in 
the  relative  importance  of  different  producing  areas.  No  doubt  this 
shifting,  like  that  of  other  food  crops,  is  due  largely  to  economic 
factors  and  to  the  development  of  new  areas. 


Table  1. — Car-lot  shipments  of  celery  by  shipping 

seasons  from  1916  to 

1927  " 

State 

Shipments 

1916-17 

1917-18 

1918-19 

1919-20 

1920-21 

1921-22 

1922-23 

1923-24 

1924-25 

1925-26 

1926-27 

Florida -. 

2,221 
1,877 

2,462 

2,779 

1,696 

439 

474 

2,051 

1,498 

1,352 

458 

613 

2,652 

2,003 

1,654 

598 

482 

4,218 

3,472 

3,110 

954 

671 

4,954, 
2,617 
3,047 
1,031 
793 

6,398 
4,334 
3,247 
1,626 
759 

7,219 
4,631 
3,742 
1,486 
903 

7,952 
4,240 
4,529 
1,332 
1,109 

5,504 
5,953 
4,492 
2,224 
1,291 

7,499 

7,564 

4,898 

1,880 

All  other  States ... 

1,153 

Total 

4,098 

7,850 

5,972 

7,389 

12,  425 

12,442 

16,364 

17,981 

19, 162 

19,464 

22,994 

1  Data  from  the  Division  of  Fruits  and  Vegetables,  Bureau  of  Agricultural  Economics,  U.S.  Depart- 
ment of  Agriculture. 

Finch  and  Baker  (6,  p.  99)  show  the  general  distribution  of  celery 
production  in  1909.  Corbett,  Gould,  Beattie,  et  al.  (5,  p.  395)  have 
mapped  the  production  of  celery  in  1919,  showing  gradual  concen- 
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tration  into  a  few  especially  adapted  areas  and  the  extension  of 
winter  production  in  California  and  Florida.  Figure  1  shows  the 
relative  production  of  the  different  areas  in  1927  and  indicates  still 
greater  development  of  the  winter  production,  both  in  Florida  and 
California.  On  this  map  have  been  traced  the  isotherms  of  mean 
temperatures  of  70°  and  75°  F.  in  July,  as  used  by  Ward  (11).  It 
will  be  noted  that  all  the  important  producing  areas  are  located  in 
regions  where  the  monthly  mean  summer  temperatures  rarely  reach 
75°,  their  averages  during  the  hottest  period  of  the  summer  being 
much  nearer  70°  than  75°.  The  small  celery  area  in  northeastern 
Ohio,  which  in  latitude  is  farther  south  than  the  New  York  and 
Michigan  areas,  is  really  in  the  same  temperature  belt,  as  shown  by 
the  loop  of  the  isotherm  of  70°  in  this  area.  The  areas  of  winter 
production  are  all  located  in  regions  where  the  prevailing  mean  tem- 
peratures during  the  growing  season  are  above  45°  and  below  70°. 
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Figure  1. — The  commercial  celery-producing  areas  in  the  United  States.  Black  circles 
represent  shipments  of  1,000  cars ;  light  circles,  less  than  1,000  cars ;  dotted  lines, 
isotherms  of  mean  temperatures  for  July. 

The  celery  plant  is  adapted  to  a  rich,  damp  soil,  preferably  some 
type  of  muck,  but  in  commercial  production  many  other  types  of 
soil  have  been  used  and  the  deficiencies  in  richness  and  moisture 
have  been  made  up  by  fertilization  and  irrigation.  The  soil  factor 
undoubtedly  has  been  very  important  in  determining  the  areas  in 
which  commercial  production  has  been  centered  within  the  limits  of 
the  favorable  temperature  belts,  but  the  fact  that  the  temperature  of 
the  growing  season  (table  2)  has  been  the  principal  factor  in  deter- 
mining the  belts  is  evident,  when  one  considers  the  large  areas  of 
favorable  soil  types  between  Michigan  and  New  York  on  the  north, 
and  central  Florida  on  the  south.  The  monthly  mean  temperature 
curves  of  the  major  celery-producing  areas  are  shown  in  figure  2, 
with  the  limiting  temperatures  of  celery  production  indicated  by 
shading.  Figure  3  in  the  same  way  shows  the  monthly  mean  tem- 
perature of  the  eastern  part  of  the  Cotton  Belt,  as  contrasted  with 
the  Michigan-New  York  and  the  Florida  celery  areas.    In  the  entire 
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eastern  part  of  the  cotton-producing  area  the  summers  are  too  hot, 
the  winters  too  cold,  and  the  spring  and  fall  seasons  with  favorable 
temperatures  far  too  short  to  produce  a  crop  of  celery.  In  the  Cali- 
fornia area  the  temperature  belts  practically  parallel  the  coast  and 
the  temperatures  of  the  Imperial  Valley,  or  the  warmer  parts  of  the 
interior  valleys,  resemble  those  of  the  Cotton  Belt. 
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Figure  2. — The  celery  belt.  Monthly  mean  temperature  curves  of  the  principal  celery- 
growing  areas  in  the  United  States  in  comparison  with  the  limiting  temperatures 
of  celery  production.  Optimum  conditions  for  celery  growing  are  represented  by  the 
median  part  of  the  shaded  belt,  favorable  conditions  by  the  parts  slightly  farther 
from  the  center,  and  limiting  conditions  by  the  parts  nearer  the  margins  of  the  belt. 


Table  2. — Monthly  mean  temperatures  of  favorable  and  unfavorable  areas  for 

celery  production 


Temperature 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Summer  celery  area 

Central  California- 

°F. 
18.0 
45.8 
53.4 
60.2 
44.5 

°F. 
24.0 
50.0 
56.0 
61.5 
45.0 

°F. 
34.5 
53.8 
57.0 
67.4 
53.5 

°F. 
45.0 
58.5 
60.0 
71.1 
62.5 

°F. 
56.5 
63.5 
61.4 
76.7 
71.7 

°F. 
68.5 
70.0 
66.0 
80.4 
77.5 

°F. 
71.5 
73.0 
69.3 
82.0 
81.0 

°F. 
69.0 
72.2 
70.3 
82.2 
80.0 

°F. 
62.5 
69.0 
68.0 
79.6 
75.0 

°F. 
51.0 
61.5 
64.0 
74.0 
63.5 

°F. 

39.0 
53.0 
58.8 
66.6 
53.7 

°F. 
28.5 
46.0 
54.5 
60.4 
45.0 

Southern  California 

Central  Florida 

Cotton  Belt 
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It  is  also  being  recognized  that  the  areas  of  major  production  of 
food  plants  lie  close  to  their  colder  limits  of  adaptation.  This 
involves  factors  of  grade  of  the  product,  keeping  quality,  and  free- 
dom from  insect  pests  and  diseases. 

THE   CELERY   CROP   IN    THE    FIELD 

Celery  is  a  crop  which  involves  much  hand  labor  in  planting 
and  in  harvesting.     For  the  most  economical  use  of  that  labor  the 


AUG.  SEPT.  OCT.  NOV.  DEC.   JAN.  FEB.  MAR.  APR.  MAY  JUNE  JULY  AUG-  SEPT  OCT  NOV.  DEO 

Figure  3. — The  Cotton  Belt.  Monthly  mean  temperature  curves  of  the  summer  and 
winter  celery-producing  areas,  contrasted  with  the  mean  monthly  temperatures  of  the 
cotton-producing  area. 

planting  and  harvesting  should  extend  over  as  long  periods  as  pos- 
sible. In  some  sections  the  planting  is  continued  right  up  to  har- 
vesting time  and  in  others  a  second  crop  may  follow  the  harvesting 
of  the  first.  These  different  plantings  are  subject  to  very  different 
climatic  conditions.  Information  as  to  dates  of  beginning  and 
ending  of  planting  and  harvesting  are  fairly  easy  to  obtain,  but  to 
determine  the  relative  amount  of  the  crop  in  a  field  at  any  given 
time  has  proved  to  be  very  difficult.  The  monthly  car-lot  move- 
ment (tables  3  and  4,  and  fig.  4)   from  a  given  area  is  the  only 
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accurate  record  available.  By  moving  these  dates  back  for  a  period 
of  approximately  4  months  (more  or  less,  depending  on  the  tem- 
perature) and  correlating  them  with  the  known  dates  of  beginning 
and  ending  of  operation,  it  has  been  possible  to  plot  curves  indicat- 
ing the  relative  volume  of  the  crop  in  the  field  at  any  given  period, 
as  shown  in  figure  5.  The  temperature  curves  indicate  the  monthly 
mean  temperature  of  the  area.  The  celery  crop  has  been  plotted 
on  the  60°  F.  line  in  each  case,  as  indicating  the  more  favorable 
temperature  for  the  production  of  a  high-grade  product.  Higher 
temperatures  when  the  plants  are  young  increase  the  rapidity  of 
growth  and  lower  temperatures  at  maturity  improve  the  quality  of 
the  celery. 

Table  3. — Car-lot  shipments  of  celery  by  months  for  the  4  seasons  from  June 

1922  to  May  1926 


Shipments 

Area  and  season 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Total 

New  York: 

1922-23 

3 

1 

10 

28 

53 
36 
87 
118 

406 
202 
310 
565 

1,208 
1,172 
1,258 
1,202 

742 
1,020 
1,203 
1,047 

672 

990 

1,257 

941 

161 
314 
396 
584 

2 
5 
7 
7 

1 

1 

1 

3,248 

1923-24 

3,741 

1924-25 

4,529 

1925-26 

4,492 

11 

74 

371 

1,210 

1.003 

965 

364 

5 

1 

4,004 

Michigan: 
1922-23 

51 
36 
9 
39 

152 

152 
166 
285 

188 
173 
238 
335 

178 
185 
211 
468 

606 
517 
428 
661 

328 
313 
172 
263 

109 
95 
72 

139 

14 
15 
36 
32 

1,626 

1923-24  _ 

1,486 

1924-25     . 

1,332 

1925-26     

2 

2,224 

34 

189 

234 

261 

553 

269 

104 

24 

1 

1,667 

California: 

1922-23     

59 
85 
72 
124 

888 

905 

860 

1,317 

1,468 
1,532 
1,362 
1,638 

1,157 

1,108 

963 

1,459 

516 
422 
386 
506 

229 
519 
360 
361 

7 
49 
24 

72 

"""68 

66 

190 

4,324 

1923-24 

4,688 
4,210 

1924-25 

84 
202 

55 

77 

6 
4 

2 
3 

1925-26 

5,953 

Average 

72 

33 

3 

1 

85 

993 

1,500 

1,172 

458 

367 

38 

1,743 
1,397 
1,885 
1,728 

81 

396 

599 

1,303 

465 

4,801 

Florida: 

1922-23.. - 

15 
42 
33 
53 

646 

1,332 

538 

181 

1,370 
1,812 
1,786 
1,000 

2,226 
2,017 
2,408 
1,866 

6,396 
7,199 

1923-24.   

1924-25 

7,953 
5,293 

1925-26-. 

Average 

36 

674 

1,492 

2,129 

1,688 

691 

6,710 

All  other  States,  aver- 
age for  4  seasons 

6 

36 

55 

114 

317 

229 

192 

69 

1 

0 

1,019 

Table  4. — Average  car-lot  shipments  of  celery  by  months  from  3  areas  from 

June  1922  to  May  1926 


Area 

Shipments 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Total 

Total  summer-celery 
area 

40 
73 
36 

236 
33 

363 
3 

746 

1 

2,080 
86 

1,501 
1,003 

1,261 
1,515 

457 

1,184 

674 

7 

462 

1,492 

1 

371 

2,129 

6  692 

California 

38 

1,688 

82 
691 

4,851 
6,710 

Florida--'. 

Total 

149 

269 

366 

747 

2,166 

2,504 

2,776 

2,315 

1,961 

2,501 

1,726 

773 

18,253 
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Figure  4. — Average  car-lot  shipments  of  celery  from  the  principal  areas  of  commercial 
production  during  4  years   (June  1922  to  May  1926,  inclusive). 
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Figure  5. — The  celery-growing  season  in  the  different  areas  of  commercial  production 
A,  Florida;  B,  California;   C,  Michigan-New  York. 
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The  celery  season  in  Michigan  is  so  short  that  the  earlier  seed 
beds  are  in  heated  greenhouses;  a  little  later  hotbeds  are  utilized, 
but  the  seed  for  the  greater  part  of  the  fall  crop  is  planted  in  May 
in  the  open.  At  the  time  of  killing  frosts  there  is  still  a  large  acreage 
in  the  field.  This  late  celery  is  either  protected  by  banking  or  placed 
in  storage. 

The  temperature  of  the  central  California  area  3  ranges  from  an 
approach  to  the  maximum  limit  in  July  and  August  to  the  minimum 
limit  in  December  and  January  (fig.  5).  Therefore,  the  great  bulk 
of  the  crop  is  produced  in  the  favorable  fall  period,  maturing  in 
time  to  be  shipped  in  December  and  January.  The  temperatures  of 
southern  California,  in  a  very  limited  belt,  are  favorable  throughout 
the  year.  The  time  of  production  is  determined  largely  by  moisture 
supply  and  favorable  markets.  This  area  is  producing  a  small 
amount  through  a  long  period,  but  is  increasing  its  winter  planting 
and  spring  marketing. 

The  Florida  celery  crop  is  largely  concentrated  in  areas  approach- 
ing the  colder  limit  of  possible  production  (fig.  5).  Summer  tem- 
peratures in  all  areas  are  unfavorable  (table  5).  The  seed  beds  for 
the  early  crop  are  shaded  and  sprinkled,  as  well  as  subirrigated. 
Planting  begins  in  September,  but  the  early  plantings  frequently  do 
not  mature  until  later  than  those  planted  in  the  more  favorable 
temperatures  of  October.  While  the  normal  winter  temperatures 
fall  but  little  below  a  mean  of  60°  F.,  the  wide  fluctuations  of  the 
winter  period,  as  shown  in  figures  6,  7,  and  8,  occasionally  approach 
the  minimum. 

Table  5. — Mean  monthly  temperatures  at  Florida  stations,  and  mean  monthly 
maximum  and  minimum  at  Orlando 


Station  and  year 

Temperature 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Northern    Florida 
mean  (1925) 

Orlando  mean  (1920)... 

Sanford mean  (1925) ... 

Miami  mean  (1925) 

Orlando  mean  maxi- 
mum (1920) 

o  F 

54.0 
60.5 
59.0 
66.5 

71.3 

49.7 

°  F. 

55.2 
61.5 
61.3 
67.1 

72.5 

50.5 

OJI 

64.0 
67.5+ 
64.4 
70.2 

79.6 

55.5 

o  p 

68.5 

70.9+ 

69.3 

72.8 

82.8 
59.1 

o  p 

76.7 
76.6+ 
75.2 
76.4 

88.0 

65.3 

o  p 
80.4 
80.3 
79.0 
80.0 

90.4 

70.2 

op 

82.0 
82.1 
81.0 
81.0 

91.8 

72.4 

op 

83.2 
82.2 
81.0 
81.4 

91.8 

72.6 

0p 

78.0 
79.5+ 
78.9 
80.1 

88.4 

70.7 

o  p 

70.5 
74.1+ 
74.0 
77.0 

83.1 

65.2 

•jr. 

62.0 
66.6 
65.6 
71.8 

77.0 

56.2 

o  p 

55.0 
60.4 
59.8 
68.0 

71  1 

Orlando  mean  mini- 
mum (1920) 

49.8 

T 

HE  SA 

NFOR 

D  CEL 

ERY  i 

tREA 

A  small  amount  of  celery  is  grown  in  widely  scattered  localities 
in  Florida,  but  the  commercial  development,  so  far,  has  been  confined 
largely  to  two  areas.  The  larger  area  (fig.  9),  with  Sanford  as  a 
central  shipping  point,  utilizes  the  broad  expanse  of  muck  and  low 
pineland  bordering  on  Lake  Monroe  and  Lake  Jessup,  a  little  north 
and  east  of  the  center  of  the  State.     The  smaller  area  is  located 


3  The  Government  celery  reports  divide  the  celery-producing  areas  of  California  into 
the  northern  (the  delta),  the  central  (the  Los  Angeles  area),  and  the  southern  (San 
Diego  and  south).  The  authors  have  followed  the  usual  geographical  nomenclature 
and  speak  of  the  delta  area  west  of  Stockton  as  central  California ;  and,  as  the  Los 
Angeles  and  San  Diego  areas  have  similar  climatic  conditions,  they  have  heen  considered 
together  as  southern  California. 

87076°— 35 2 
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on  somewhat  wetter  and  heavier  soils  south  and  west  of  the  center 
of  the  State,  in  a  drainage  district  south  of  Manatee  and  east  of 
Sarasota. 

There  is  a  variation  of  about  15°  between  the  winter  temperatures 
of  the  southern  and  northern  p>arts  of  Florida  (table  5).  In  figure 
10  this  variation  is  shown,  with  the  temperature  of  the  Sanford 
celery  area  (Orlando  or  central  Florida),  representing  almost  a 
mean  between  the  other  two  and  even  more  closely  the  mean  of 
Florida  temperatures.  As  will  be  seen,  the  minimum  temperatures 
in  northern  Florida  represent  a  considerable  frost  hazard  in  the 


Hammock 
(open)  Pine  woods 


Figure  9. — Map  of  the  Sanford,  Fla.,  celery-producing  area.  Location  of  Weather  Bureau 
instruments  :  A,  Location  of  the  experiment  farm  ;  B,  field  not  benefited  by  the  temper- 
ing effects  of  Lake  Monroe  ;  C,  central  portion  of  the  heavily  infested  area, 

winter  season,  while  those  of  the  southern  coastal  section,  as  repre- 
sented by  Miami,  approach  so  closely  to  the  maximum  as  to  endanger 
the  quality  of  the  crop.  The  Manatee-Sarasota  celery  area,  although 
situated  at  the  edge  of  the  southern  section,  has  winter  temperatures 
approximating  those  of  the  Sanford  area;  in  fact,  both  of  these 
areas  are  probably  relatively  near  the  colder  limits  of  adaptation  and 
therefore  should  be  favorable  for  both  quantity  and  quality  in  celery 
production. 

SOURCE    OF    THE    WEATHER    RECORDS 

All  weather  records  prior  to  August  1925  have  been  compiled 
from  the  published  Weather  Bureau  records  taken  at  a  weather 
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station  4  in  Sanf ord.  Temperature  and  humidity  records  from  that 
time  on  were  obtained  from  a  recording  hygrothermograph  in  a 
standard  Weather  Bureau  instrument  shelter  located  on  the  experi- 
ment farm  in  the  center  of  the  second  largest  celery-producing  area 
at  Sanf  ord  (fig.  9).  This  instrument  was  checked  by  standard  maxi- 
mum and  minimum  thermometers  and  a  sling  psychrometer. 
Although  the  rainfall  was  recorded  at  this  station,  an  average  of 
that  recorded  by  the  Weather  Bureau  stations  at  Sanford  and 
Orlando  has  been  used  instead,  as  representing  a  better  average  for 
the  entire  celery-growing  area. 

CROP    SEASONS 

The  crop  season  of  1925-26  was  ushered  in  by  an  exceptionally 
hot  and  dry  fall  (fig.  6).  September  was  hotter  by  1°  than  any  pre- 
ceding September  in  the  Weather  Bureau's  35-year  record,  and  the 
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Figure  10. — Monthly  mean  temperature  curves  for  northern,  central,  and  southern 

Florida. 


minimum  of  precipitation  had  been  equaled  only  once  in  the  same 
period.  The  scant  precipitation  came  in  a  few  destructive  storms, 
rather  than  in  showers  that  would  have  been  of  more  value.  The 
temperature  of  the  winter  season  was  below  normal,  beginning  with 
a  slight  departure  in  December  and  increasing  to  nearly  4°  below 
normal  in  March  and  April.  This  gave  a  very  long  cold  season, 
characterized  by  sudden  fluctuations  both  above  and  below  the 
normal,  with  temperatures  down  to  freezing  or  below  during  each 
of  the  5  months  from  November  to  March,  inclusive.  The  first 
normal  temperatures  of  the  season  occurred  in  May  and  June. 

The  crop  season  of  1926-27  (fig.  7)  likewise  started  out  with  tem- 
peratures above  the  normal  in  August  and  September  but  not  so 
high  as  in  the  previous  year.     October,  which  should  usher  in  the 


4  This  station  was  maintained  by  A.  C.  Foster,  of  the  Bureau  of  Plant  Industry.,  until 
June  1927,  when  it  was  taken  over  by  these  investigations. 
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transition,  period,  including  the  most  favorable  temperatures,  was 
ideal,  in  sharp  contrast  to  the  wide  extremes  of  the  same  period  of 
the  previous  year.  November  was  decidedly  below  normal  until 
after  the  20th.  From  that  time  on  the  winter  season  was  from  5° 
to  7°  above  normal,  with  the  exception  of  two  extremely  cold  periods, 
one  during  the  first  half  of  January  and  the  other  early  in  March. 
The  January  cold  snap  carried  temperatures  far  below  freezing, 
destroying  the  celery  in  certain  exceptionally  low  spots  and  even 
more  seriously  injuring  the  citrus  orchards.  The  March  drop  in 
temperature  did  not  injure  the  celery  as  much  as  did  the  hot 
weather  that  followed,  but  it  was  disastrous  to  the  early  trucking 
interests.  From  March  until  the  following  September  the  tempera- 
tures ran  from  1°  to  2°  above  normal.  As  a  whole,  the  winter  was 
one  of  the  three  warmest  in  the  30  years  of  celery  growing,  with  pre- 
cipitation below  normal  from  October  to  the  end  of  May.  The 
moisture  was  in  the  form  of  three  heavy  showers  that  injured 
rather  than  helped  the  crop. 

The  third  season  (1927-28)  was  very  variable,  with  alternating 
warm,  cold,  wet,  and  dry  periods  (fig.  8).  The  mean  for  the  3 
winter  months  was  the  same  as  for  the  first  season  but  the  spring 
period  was  much  warmer,  therefore  the  celery  season  as  a  whole 
was  only  a  little  below  normal.  The  celery  ieaf  tier  approached 
injurious  numbers  several  times,  and  some  dusting  was  done,  but 
without  treatment  the  damage  would  have  been  negligible. 

The  differences  in  the  three  seasons  gave  an  exceptional  opportu- 
nity to  observe  the  relative  importance  of  the  several  factors  under 
the  varying  conditions  and  to  check  the  response  of  the  tier  and  its 
parasites  to  the  various  temperatures  in  the  field,  as  compared  with 
their  response  to  controlled  temperatures  in  the  laboratory.  The 
second  winter,  one  of  the  three  warmest  in  the  30  years  of  celery 
production,  was  sufficiently  warm  throughout  for  both  tier  and 
parasites  to  be  active.  The  first  and  third  winters,  although  not  so 
cold  by  several  degrees  as  many  that  have  been  recorded,  were  cold 
enough  to  retard  the  activities  of  the  tier  sufficiently  to  prevent 
commercial  damage  and  to  suspend  entirely  the  activities  of  the 
two  most  important  parasites.  Further  reductions  in  temperature 
would  not  have  given  data  of  economic  importance  unless  the  tem- 
perature had  fallen  so  low  as  actually  to  destroy  some  stage  of  the 
tier  or  parasites,  and  it  is  doubtful  whether  such  temperatures  ever 
occur.  If  this  is  true,  then  the  temperature  and  moisture  ranges 
of  the  three  seasons  have  given  every  important  variation  ordinarily 
encountered.  These  variations  have  included  temperature  extremes 
from  22°  to  97°  F.  during  the  celery -growing  season. 

In  the  following  paragraphs  the  factors  affecting  celery  produc- 
tion and  tier  injury  have  been  brought  together  and  presented  in 
their  relation  to  the  problem  as  a  whole. 

HUMIDITY 

The  humidity  of  the  subtropical  region  is  relatively  high  and  is 
probably  slightly  accentuated  in  irrigated  districts.  The  hygro- 
graph  records  show  that  on  the  average  humidities  are  practically  at 
the  saturation  point  from  10  to  14  hours  out  of  the  24  and  occasion- 
ally fall  below  50  percent  for  a  2-hour  to  4-hour  period.     In  times 
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of  extreme  drought  the  length  of  the  saturated  period  may  be 
shortened  to  8  to  10  hours  and  the  extreme  minimum  of  humidity 
may  occasionally  fall  below  30  percent. 

PRECIPITATION 

Although  the  average,  by  10-day  periods,  of  the  rainfall  reported 
by  the  official  Weather  Bureau  stations  at  Sanford  and  Orlando  has 
been  recorded  (table  6  and  figs.  6,  7,  and  8),  this  cannot  be  inter- 
preted as  representing  a  large  part  of  the  total  moisture  supply  of 
the  crop  or  the  relative  distribution  for  any  given  field  in  the  dis- 
trict. Therefore,  it  has  not  been  found  feasible  to  make  any  use  of 
this  information,  except  as  represented  by  periods  of  excessive  rain- 
fall or  long  drought. 

-Precipitation  in  the  Sanford,  Fla.,  celery  area  by  10-day  periods, 
August  1925  to  September  1928,  inclusive 


Table  6. 


Month 


1925 
August 

September.. 

October 

November.. 


December..  . 

1926 

January 


February. . 

March 

April 

May 

June 

July 

August 

September. 
October — 
November. 


December.  _. 

1927 

January 


February. 


Sanford     Orlando 


Inches 
2.89 
1.44 
4.39 
1.94 
2.09 
.37 
.14 

!02 
.27 

1.67 
.02 

5.74 
.73 
.92 

1.98 

.70 

1.42 

.80 

.42 

.30 

.00 

.36 

4.00 

3.90 

.20 

.00 

.90 

.00 

2.69 

3.30 

2.26 

4.72 

1.47 

1.76 

7.36 

2.70 

1.50 

3.40 

.60 

3.60 

1.00 

1.10 

.10 

.01 


.05 
.06 
.05 
.12 
2.74 
.05 


Inches 

3.64 

1.15 

5.00 

1.17 

.94 

.44 

1.20 

.62 

.10 

.24 

1.37 

.13 

5.65 

.68 

1.48 

1.15 

.59 

2.08 

.74 

.35 

.72 

.14 

.36 

4.55 

4.24 

.43 

.00 

.06 

.00 

.46 

2.30 

3.12 

5.84 

2.13 

3.72 

3.32 

.78 

.62 

3.59 

1.93 

4.05 

1.06 

.40 

.07 

.53 

.48 

3.18 

.00 

.05 

.29 

.12 

.02 
.07 
.02 
.02 
1.53 
.20 


Average 


Inches 

3.27 

1.30 

4.70 

1.56 

1.52 

.41 

.67 

1.16 

.06 

.26 

1.52 

.08 

5.70 

.71 

1.20 

1.57 

.65 

1.75 

.77 

.39 

.51 

.07 

.36 

4.28 

4.07 

.32 

.00 

.48 

.00 

1.58 

2.80 

2.69 

5.28 

1.80 

2.74 

5.34 

1.74 

1.06 

3.50 

1.27 

3.83 

1.03 

.75 

.09 

.27 


.04 
.07 
.04 
.07 
2.14 
.13 


Month 


1927 


March. 
April... 


May. 


June 

July 

August 

September. 

October 

November. 


December..  . 

1928 

January 


February. 
March 


April 

May 

June 

July 

August 

September. 


Sanford     Orlando     Average 


Inches 
0.20 

.05 
2.40 

.30 


2.34 

.74 

4.96 

1.78 

.48 

1.20 

3.04 

2.19 

.16 

1.57 

2.13 

1.42 

.00 

.12 

.76 

.00 

.54 

.73 

.00 

.24 

.04 

.38 

.00 

.66 

.52 

.00 

3.34 

.64 

.58 

3.23 

2.87 

.21 

.01 

4.99 

1.21 

2.10 

3.83 

2.72 

3.73 

1.98 

2.74 

1.72 

.40 

2.12 

6.38 

5.05 


Inches 

0.31 

.02 

1.79 

.13 

.30 

.19 

.00 

.41 

.05 

1.78 

.70 

1.36 

1.40 

1.76 

5.33 

.06 

2.39 

2.96 

2.15 

1.43 

.57 

1.32 

2.57 

.00 

.10 

.63 

.01 

.93 

.35 

.01 

.25 

.00 

.49 

.00 

.56 

.35 

.00 

2.58 

1.35 

.32 

3.54 

5.11 

1.22 

.11 

2.22 

.48 

.54 

3.04 

3.47 

2.57 

1.52 


Inches 

0.26 

.04 

2.10 

.22 

.27 

.14 

.37 

.31 

.05 

2.43 

2.80 

1.85 

1.07 

3.36 

3.56 

.27 

1.80 

3.00 

2.17 

.80 

1.07 

1.73 

2.00 

.00 

.11 

.70 

.01 

.74 

.54 

.01 

.25 

.02 

.44 

.00 

.61 

.44 

.00 

2.96 

1.00 

.45 

3.39 

3.99 

.72 

.06 

3.61 

.85 

1.32 

3.44 

3.10 

3.15 

1.75 


FACTORS    IN    CONTROL    OF    THE    CELERY    LEAF    TIER 


17 


The  amount  and  distribution  of  precipitation  are  very  important 
factors  in  crop  or  insect  development  in  many  regions,  but  for  the 
Sanford  area  they  are  probably  relatively  unimportant,  except  as 
they  are  correlated  with  temperature  or  reach  extremes  of  flood  or 
drought.  In  Florida  generally  pecipitation  is  abundant,  with  an 
annual  mean  of  52  inches,  but  it  is  principally  in  the  form  of  local 
showers;  therefore,  one  field  may  have  an  excess  of  moisture  in  a 
given  period  and  another  field  half  a  mile  away  may  receive  none. 
The  variations  have  little  effect  on  the  production  of  the  celery  crop, 
as  the  growers  depend  upon  irrigation  and  drainage  to  maintain  a 
constant  supply  of  moisture  in  the  soil. 
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Figure  11. — Mean  monthly  maximum,  mean  monthly  minimum,  and  mean  temperatures 

at  Orlando,  Fla. 


TEMPERATURE 


Of  the  three  climatic  factors  that  affect  celery  and  the  celery  tier, 
temperature  is  undoubtedly  the  most  important,  as  minimum  temper- 
atures range  far  below  the  limits  of  tier  activity,  while  maximum 
temperatures  are  higher  than  those  in  the  region  to  which  celery  is 
normally  adapted. 

The-  weather  records  of  the  Orlando  station  are  much  longer  and 
more  satisfactory  than  those  of  Sanford,  and,  as  they  differ  very 
little  from  the  Florida  mean  or  from  the  Sanford  temperatures,  they 
have  been  plotted  to  show  normal  variations  from  the  mean.  In 
figure  11  the  mean  monthly  maxima,  the  mean  monthly  minima,  and 
the  resultant  mean  for  Orlando  are  given,  with  a  dotted  line  showing 
the  variation  in  the  Sanford  mean.  (In  the  study  of  temperatures 
under  Florida  conditions  it  has  been  found  necessary  to  show  a 

87076°— 35 3 
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complete  winter  season  followed  by  a  complete  summer  season  in 
order  to  get  a  proper  perspective  of  the  two  extremes  as  compared 
with  regions  in  which  only  summer  temperatures  are  of  importance.) 
The  difference  between  the  mean  monthly  maxima  and  the  mean 
monthly  minima  is  almost  exactly  20°  throughout  the  year.  There  is 
a  great  difference  in  the  relative  fluctuation  from  day  to  day  in  the 
different  seasons.  In  warm  weather  the  daily  fluctuation  is  usually 
about  one-fourth  of  the  difference  between  the  maxima  and  minima, 
so  the  three  records  are  distinct  and  almost  parallel.  In  the  winter 
season,  on  the  other  hand,  and  especially  during  the  periodic  drops 
in  temperature,  this  daily  fluctuation  is  often  more  than  double  the 
monthly  range,  and  the  resulting  lines  are  almost  perpendicular  and 
are  constantly  crossing  the  mean. 

Figures  6,  7,  and  8  indicate  that  the  relative  amplitude  of  daily 
fluctuation  is  a  function  of  the  temperature  itself,  rather  than  of  the 
season.  Whenever  the  mean  temperature  for  a  10-day  period  falls 
below  65°  F.  the  daily  fluctuation  increases.  However,  in  February 
1927,  when  mean  temperatures  were  well  above  65°,  the  type  of  the 
daily  fluctuation  approached  that  of  the  summer.  This  increase  in 
range  of  temperature  in  the  winter  may  be  due  to  the  southern 
trend  of  the  transcontinental  storm  tracks  during  that  season.  In 
that  case  the  February  temperatures  and  fluctuations  would  be  ex- 
plained either  by  a  lack  of  storms  or  by  an  unusual  northern  trend 
of  storm  paths. 

WHAT    A    GIVEN     WEATHER    BUREAU    TEMPERATURE    MEANS 

In  this  bulletin  all  discussion  of  temperature  with  reference  to 
field  conditions  is  based  upon  the  temperatures  recorded  by  standard 
Weather  Bureau  instruments  in  a  Weather  Bureau  shelter  4  feet 
above  the  ground.  It  must  be  remembered  that  these  temperatures 
are  only  relative  and  do  not  express  the  actual  temperature  under 
which  any  plant  or  insect  is  existing  at  that  time.  By  using  the 
standard  Weather  Bureau  temperature  records,  however,  it  is  pos- 
sible to  make  comparisons  with  similar  temperatures  in  all  other 
regions  and  the  same  relative  relationships  would  undoubtedly  hold. 

In  the  winter  season  it  is  not  the  mean  temperatures  so  much  as  the 
extreme  minima  that  control  the  distribution  of  truck  crops;  on  the 
other  hand,  these  extremes  do  not  affect  the  insects,  except  for  a 
temporary  cessation  of  activity,  as  much  as  do  the  means,  the  latter 
determining  the  limitation  of  activity  or  the  rate  of  development. 

In  the  summer,  however,  it  is  probable  that  the  reverse  is  true,  the 
extreme  maxima  of  temperature  being  in  many  instances  the  limit- 
ing factor  in  both  plant  and  insect  development.  During  the  three 
hottest  months  the  maximum  temperatures  of  the  air  layer  above 
the  celery  fields  would  reach  97°  F.  or  above  every  day,  were  it  not 
for  the  winds  and  for  the  fact  that  the  sky  ordinarily  becomes  par- 
tially cloudy  before  the  hottest  period  of  the  day  is  reached.  In 
order  to  determine  just  what  these  maximum  temperatures  actually 
meant,  a  series  of  observations  were  made  on  bright  sunshiny  days  in 
the  hottest  period.  The  air  temperature  taken  with  a  thermometer 
at  4  feet  above  the  ground  ranged  from  99°  to  100°  F.,  and  when 
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Figure   12. — Relative   temperatures   in    full   summer    sunshine   of   different   locations   at 

Sanford,  Fla. 
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the  thermometer  was  shaded  it  ranged  from  97°  to  99°,  the  average 
being  above  98°,  as  represented  by  the  cross  line  in  figure  12.  Ther- 
mometers in  standard  Weather  Bureau  shelters  would  record  about 
1°  below  this,  owing  to  the  lag  of  heating  the  wooden  box.  The 
temperatures  taken  in  the  middle  of  a  row  of  celery  averaged  96° ; 
those  of  an  irrigated  lawn  ranged  from  92°  to  95° ;  but  the  air  in  the 
deep  shade  of  the  swamps  ranged  from  86°  to  88°,  the  reduction 
from  air  temperatures  being  largely  due,  no  doubt,  to  the  higher 
rates  of  evaporation. 

In  the  celery  fields  where  the  ground  was  fairly  damp  from  sub- 
irrigation  the  temperature  of  the  surface  soil  registered  111°  F.  and 
that  of  the  darker  sands  113°,  while  in  the  short  Bermuda  grass 
cover  on  the  dry  sands  of  the  uncultivated  areas  the  temperatures 
ranged  from  118°  to  124°.  In  bare  areas  of  dry  sand  in  similar  lo- 
cations the  temperatures  ranged  from  128°  to  134°,  but  in  sandy 
areas  that  were  relatively  bare  and  very  dry  on  account  of  slight 
elevation  or  lack  of  rainfall  the  surface  temperatures  ranged  from 
138°  to  144°.  The  highest  temperatures,  141°  to  145°,  were  found 
on  the  asphalt  pavements. 

As  120°  F.  is  usually  considered  the  upper  limit  of  survival  of 
insect  life,  it  can  readily  be  seen  that  insects  that  thrive  in  the  sum- 
mer period  must  find  locations  either  in  shaded  places  or  on  vegeta- 
tion considerably  above  the  ground  line.  For  some  insects  there  is 
also  the  possibility  of  burrowing  beneath  the  surface  of  the  ground 
far  enough  to  escape  the  higher  temperatures.  Soil  temperatures 
decrease  rapidly  from  the  surface  down  to  the  depth  of  a  few  inches, 
where  they  become  relatively  stable  at  the  mean  temperature  of  the 
period,  which,  in  the  summer  season,  would  be  practically  82°.  The 
mean  monthly  maxima  during  this  period  run  close  to  92°,  as  shown 
by  figure  11,  and  the  mean  monthly  minima  around  72°,  giving  mean 
monthly  temperatures  slightly  above  82°  for  the  period.  There  are 
groups  of  insects  whose  life  habits  are  such  as  to  enable  them  to  con- 
tinue their  activity  and  still  avoid  these  temperatures,  but  by  far  the 
larger  number  of  insects  have  solved  the  problem  by  developing 
generations  in  the  fall  and  spring  and  passing  the  summer  season  in 
a  quiescent  stage. 

TEMPERATURE  IN  RELATION   TO  THE  DEGREE  OF  INFESTATION 

A  temperature  of  50°  F.  is  usually  considered  the  minimum  for 
insect  activity,  while  65°  is  still  below  the  optimum  for  many  species. 
Figures  6,  7,  and  8  show  that  the  normal  Florida  temperatures  dur- 
ing the  months  of  December,  January,  and  February  are  unfavorable 
for  rapid  development  of  insects.  As  celery  production  is  limited 
to  the  winter  months,  the  temperatures  of  the  crop  seasons  from 
1922-23  to  1927-28  are  compared  with  the  normal  temperature  of  the 
Sanford  area  in  table  7  and  figure  13. 
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Table  7. — Mean  monthly  temperatures  at  Sanford,  Fla.,  for  the  5  seasons 

studied x 


Year 

Temperature 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1922 

°F. 

°F. 

°F. 

°F. 

°F. 

°F. 

°F. 

°F. 
81.  i 
83.0 
83.2 
82.4 
83.8 
83.2 

79.2 
80.4 
80.7 
83.0 
81.4 
79.5 

°F. 
76.7 
73.0 
71.8 
76.8 
74.8 
74.7 

°F. 
69.4 
63.8 
66.0 
66.6 
64.2 
67.8 

°F. 
65.0 

1923 

1924 

62.6 
61.7 
65.0 
58.3 
59.1 

64.0 
58.9 
64.6 
58.3 
66.9 

70.2 
61.9 
66.8 
62.4 
65.2 

73.8 
71.4 
70.8 
67.1 
72.5 

75.2 
77.0 
74.0 
74.9 

77.7 

80.0 
82.8 
80.8 
79.8 
82.9 

82.2 
82.4 
81.8 
82.0 
82.7 

66.4 
65.2 

1925 

59.0 

1926 

1927 

64.2 

Normal  mean 

59.0 

61.3 

64.4 

69.3 

75.2 

79.0 

81.0 

81.0 

78.9 

74.0 

65.6 

59.8 

1  The  data  for  August  1922  to  July  1925  are  from  the  annual  reports  of  the  Weather  Bureau;  those  for 
August  1925  to  November  1927  are  from  records  made  at  the  Government  farm. 

In  the  celery  seasons  of  1922-23,  1924-25,  and  1926-27  the  infesta- 
tion by  the  tier  was  severe;  in  1923-24  it  was  less  severe;  and  in 
1925-26  and  1927-28  no  commercial  injury  occurred.     The  summer 
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Figure  13. — Monthly  mean  temperatures  of  seasons  in  which  varying  degrees  of  injury 
from  the  celery  leaf  tier  were  recorded. 

temperatures  during  these  seasons  were  constantly  above  normal 
and  the  curves  very  much  alike,  so  there  appeared  to  be  no  dis- 
cernible influence  of  summer  temperature  on  the  celery  leaf  tier. 
A  further  study  of  the  curves  shows  clearly  that  the  widest  fluctua- 
tions from  the  mean  occurred  entirely  in  the  period  from  December 
to  March,  inclusive ;  that  in  the  3  years  in  which  the  temperatures 
were  constantly  above  normal  during  this  period  the  injury  was 
severe ;  and  that  in  the  season  of  1923-24,  in  which  the  temperature 
for  the  first  2  months  was  extremely  high  but  during  the  last  2 
months  somewhat  lower  than  normal,  only  moderate  injury  oc- 
curred. In  sharp  contrast,  in  1925-26,  when  the  temperature 
throughout  the  entire  period  was  below  normal,  no  injury  occurred ; 
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and  in  1927-28,  when  a  very  cold  January  was  followed  by  alternat- 
ing warm  and  cold  periods,  at  no  time  was  the  tier  present  in  suffi- 
cient numbers  to  be  injurious. 

In  order  to  test  the  correctness  of  this  interpretation  the  mean 
temperature  of  Florida  for  the  3  winter  months  (December,  Janu- 
ary, and  February)  of  each  season  was  plotted  (fig.  14),  beginning 
with  the  first  records  of  the  Weather  Bureau  (1891)  and  continuing 
to  1928.  The  resultant  curves  show  a  series  of  fluctuating  but  rap- 
idly descending  temperatures,  ending  in  a  winter  temperature  al- 
most 5°  below  normal  in  the  season  of  1901-2.  For  the  next  25 
years  (as  shown  by  the  dotted  line)  the  winter  temperatures,  al- 
though still  fluctuating  widely,  rose  from  an  average  of  57°   for 
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the  5  years  following  1900  to  an  average  of  62°  for  the  5  years 
following  1920,  a  change  of  5°  in  the  25  years.  This  exceptional 
series  of  successive  warm  winters  no  doubt  accounts  for  the  serious 
outbreak  of  the  celery  leaf  tier  and  probably  for  the  outbreaks 
of  other  pests  that  appeared  at  the  same  time. 

On  careful  inquiry  among  the  growers  it  was  found  that  in  two 
previous  seasons  worms  were  sufficiently  numerous  in  the  celery  to 
be  seen  when  it  was  put  through  a  washer.  The  worms  falling  out 
of  the  bunches  gathered  in  piles  below  the  conveyor  belt.  These  two 
seasons  (1913-14  and  1916-17)  corresponded  to  the  two  occurrences 
of  a  relatively  warm  winter  following  a  previous  warm  one,  as 
shown  in  figure  14.  Two  relatively  warm  winter  seasons  preceded 
the  outbreak  of  1922-23.    These  facts  suggest  that,  after  a  series  of 
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cold  winters  in  which  the  insect  had  presumably  been  decreasing, 
two  warm  winters  in  succession  are  necessary  before  it  can  again 
increase  to  injurious  numbers,  after  which  there  will  be  serious 
damage  in  each  successive  warm  winter  season. 

A  single  season  (1925-26)  in  which  the  temperature  dropped  1° 
below  the  mean  apparently  did  not  permanently  reduce  the  num- 
ber of  the  leaf  tiers,  which  were  exceedingly  numerous  the  next 
year.  The  winters  of  1914^15  and  1917-18,  following  the  two  slight 
increases,  were  only  slightly  colder  than  1925-26  but  they  were 
apparently  effective  in  suppressing  the  pest.  There  are  probably 
other  factors  involved  in  this  result,  but  with  the  information  avail- 
able it  seems  certain  that  a  winter  temperature  of  2°  or  more  below 
normal  will  terminate  an  outbreak.  The  striking  reversal  in  the 
trend  of  winter  temperatures,  as  shown  in  figure  14,  suggests  that 
these  alternating  cycles  of  cold  and  warm  winters  may  be  a  normal 
condition.  A  study  of  a  much  longer  period  seemed  to  confirm 
this  and  suggested  the  possibility  of  interpreting  the  factors  that 
control  these  cycles. 

LOCAL    DISTRIBUTION    OF    INJURY 

The  Sanford  celery  area  (fig.  9)  is  roughly  divided  by  the  town 
of  Sanford  into  a  large  east-side  and  a  smaller  west-side  area,  with 
still  smaller  outlying  areas  at  Oviedo  and  on  the  southwestern  shore 
of  Lake  Jessup.  The  area  in  which  the  injury  has  been  heaviest  is 
a  strip  only  a  mile  or  two  wide,  lying  along  an  almost  direct  north- 
west-southeast line  extending  across  the  widest  part  of  Lake  Monroe 
toward  Lake  Jessup.  Even  in  this  section  the  outlying  and  relatively 
isolated  fields  have  usually  escaped  injury,  as  compared  with  the 
solidly  planted  section.  West  of  Sanford  the  injury  has  been  con- 
fined to  the  solidly  planted  area  and  has  decreased  in  severity  to  the 
westward  until  the  isolated  fields  and  even  the  solid  block  at  Lake 
Monroe  station  escaped  injury.  The  small  areas  at  Wagner  and 
Oviedo  have  never  been  damaged,  even  in  the  worst  years.  It  was 
early  observed  that  in  any  area  the  frost  damage  was  almost  in- 
versely proportional  to  damage  by  the  leaf  tier.  This  is  attributed  to 
the  fact  that  the  cold  northwest  winds  that  bring  the  low  tempera- 
tures are  modified  in  their  passage  across  Lake  Monroe. 

Observations  in  successive  seasons  have  indicated  that  there  is  a 
difference  in  relative  temperatures  during  cold  periods  between  the 
areas  east  and  west  of  Sanford.  Standard  Weather  Bureau  instru- 
ments were  installed  in  the  central  portion  of  the  heavily  infested 
eastern  area  (fig.  9,  C)  and  in  a  field  on  the  west  side,  beyond  the 
area  in  which  serious  damage  had  ever  occurred.  This  field  (fig.  9,  B) 
was  too  far  to  one  side  to  be  benefited  by  the  tempering  effects  of 
Lake  Monroe  during  periods  of  northwest  winds.  Temperatures 
from  these  stations  and  from  the  experiment  farm  (fig.  9,  J.),  located 
in  the  area  of  light  infestation  on  the  west  side,  are  ffiven  in  table 
8.  The  tempering  effect  of  Lake  Monroe  in  the  winter  season  is 
evident  in  the  almost  constantly  higher  minimum  temperatures  of 
station  C,  as  compared  with  station  B  (fig.15). 
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Table  8. — Maximum  and  minimum  temperatures  in  celery  areas  on  the  west 
side  (station,  B)  and  the  east  side  (station  C)  of  Sanford,  Fla.,  by  10-day 
periods,  season  of  1927-28 


Period 


Maximum 

Minimum 

Station  B 

Station  C 

Station  B 

Station  C 

°  F. 

o  p 

°  F. 

°  F. 

85.7 

87.9 

57.4 

59.4 

81.9 

83.1 

53.9 

55.3 

79.6 

79.0 

56.1 

58.0 

78.7 

76.4 

52.1 

53.2 

73.7 

72.9 

50.5 

52.5 

74.6 

73.6 

48.0 

50.5 

65.0 

64.5 

43.2 

45.4 

63.9 

63.7 

39.7 

41.9 

75.6 

76.8 

48.1 

49.3 

■     65.9 

66.3 

41.8 

43.5 

77.2 

77.5 

51.9 

52.5 

73.6 

73.3 

49.3 

50.3 

74.8 

73.0 

51.4 

51.9 

79.5 

80.0 

50.9 

51.4 

79.3 

79.7 

53.9 

54.0 

83.1 

81.3 

55.0 

54.8 

78.2 

77.7 

56.2 

56.7 

76.0 

76.4 

58.2 

58.9 

78.5 

55.9 
55.4 

57.2 

78.2 

56.5 

83.6 

63.3 
64.8 

62.4 

85.1 

65.1 

Oct.  22-31. 
Nov.  1-10. 
Nov.  11-20 
Nov.  21-30 
Dec.  1-10- 
Dec.  11-20. 
Dec.  21-31. 
Jan. 1-10.. 
Jan. 11-20. 
Jan.  21-31. 
Feb.  1-10.. 
Feb.  11-20. 
Feb.  21-29. 
Mar.  1-10. 
Mar.  11-20 
Mar.  21-31 
Apr.  1-10- 
Apr.  11-20. 
Apr.  21-30. 
May  1-10_. 
May  11-20. 
May  21-31. 


There  are  no  temperature  records  available  for  the  Oviedo  section. 
The  celery  there  is  planted  on  very  low,  heavy  muck  soils,  and  the 
fields  are  relatively  small  and  isolated  in  heavily  timbered  sections. 
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Figure  15. — The  average  maxima  and  minima  of  the  west  side  (station  B)   and  the  east 
side  (station  C)  of  the  Sanford,  Fla.,  celery-producing  area,  plotted  by  10-day  periods. 

Frost  damage  is  often  very  spotted  but  averages  more  severe  in  this 
section,  and  celery  can  be  grown  later  than  in  the  Sanford  area, 
indicating  lower  temperatures. 

THE  CELERY  LEAF  TIER 


DEVELOPMENT    UNDER   DIFFERENT    TEMPERATURES 

In  order  to  test  the  temperature  reactions  of  the  celery  leaf  tier 
under  different  conditions,   a   series   of   rearing  experiments   were 
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carried  on,  the  lower  temperatures  being  in  a  refrigerator,  the  median 
temperatures  in  the  insectary,  and  the  higher  ones  in  an  electric 
oven.  The  results  of  these  experiments  are  briefly  summarized  here. 
Eggs  kept  at  a  temperature  of  approximately  48°  F.  were  apparently 
alive  at  the  end  of  30  days  (fig.  16)  but  later  began  to  turn  black, 
and  by  the  fortieth  day  all  the  embryos  were  dead.  At  49°,  or 
slightly  above,  eggs  hatched  in  32  days,  the  larvae  lived  but  grew  very 
slowly  if  at  all  at  first,  and  were  scarcely  two-thirds  grown  at  the 
end  of  2  months,  when  the  experiment  closed.  At  temperatures  of 
approximately  51°  eggs  required  an  average  of  30  days  to  hatch, 
larvae  matured  in  77  days,  the  pupal  period  required  52  days,  and 
the  moths  lived  an  average  of  12  days,  a  total  life-history  period  of 
171  days.  These  moths,  however,  laid  no  eggs.  Allowing  2  days 
before  egg  laying  and  4  days  to  reach  the  maximum  production, 
provided  favorable  temperatures  occurred,  the  average  complete  life 
cycle  from  egg  to  egg  at  this  temperature  would  have  been  165  days. 

At  56°  F.  the  moths  crawled  about  on  the  hand  but  did  not  lay 
eggs.  When  the  temperature  reached  58°  they  began  to  lay.  The 
eggs  hatched  in  Sy2  days,  the  larval  period  required  29  days,  and  the 
pupal  period  17*4  days.  Allowing  2  days  for  preoviposition  and  3 
days  to  the  middle  of  egg  laving,  the  complete  life  cycle  required 
60  days. 

At  approximately  68°  F.  the  eggs  hatched  in  6  or  7  days,  the 
larvae  required  20  days  to  mature,  the  pupae  required  11  days,  and 
the  moths  lived  12  days.  Allowing  2  days  for  preoviposition  and  3 
days  to  the  maximum  laying  period,  the  average  time  required  for  a 
generation  was  about  43  days. 

At  78°  F.  the  eggs  hatched  in  4  days,  the  larval  period  required 
14  days,  the  pupal  period  8  days,  and  the  moth  lived  11  days  but 
laid  only  a  small  number  of  eggs.  Allowing  2  days  for  preovi- 
position and  2  days  to  the  middle  of  the  egg-laying  period,  the 
average  period  for  the  generation  was  30  days. 

At  91°  F.  the  life-history  period  still  required  30  days,  and  the 
moths  did  not  lay  any  eggs,  either  at  that  temperature  or  when 
placed  in  the  insectary. 

At  97°  F.  the  eggs  turned  black  and  the  embryos  died  on  the 
fourth  or  fifth  day.  Young  larvae  were  introduced  and  they  shriv- 
eled and  died  within  a  few  days.  Pupae  held  at  this  temperature 
produced  adults  in  the  same  time  as  those  held  at  91°,  but  these 
moths  also  failed  to  lay  eggs.  Under  field  conditions  the  moths 
hatching  at  the  higher  temperatures  would  have  disappeared,  to 
return  in  the  fall. 

NUMBER   OF  GENERATIONS   IN   THE  FIELD 

The  celery  leaf  tier,  as  will  be  shown  later,  does  not  appear  until 
the  mean  temperature  falls  to  77°  F.  or  below.  At  this  tempera- 
ture the  life  cycle  requires  1  month,  or  slightly  more,  but  the  tem- 
perature is  falling  rapidly  at  that  time.  Through  the  winter  period 
(December  to  February)  the  normal  temperature  is  below  60°  and 
the  life  cycle  takes  2  months  or  longer.  If  the  winter  is  abnormally 
cold,  with  temperatures  around  55°,  the  life  cycle  requires  more  than 
3  months.  Normal  temperatures  in  California  fall  below  55°  and 
occasionally   approach   50°.     At  these  temperatures  the   life   cycle 

870768— 35 4 
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requires  6  months.  As  the  temperature  increases  in  the  spring  the 
cycle  is  shortened  until,  about  the  time  the  moths  disappear,  it 
reaches  its  minimum  of  1  month.  The  celery  season  in  Florida 
is  one  of  rapidly  changing  and  widely  fluctuating  temperatures; 
therefore  any  generation  will  be  subjected  to  wide  extremes  and  its 
life  cycle  will  vary  accordingly. 

The  Florida  season  of  1925-26,  as  has  been  explained,  was  ex- 
ceedingly hot  and  dry.  The  first  moths  were  observed  in  the  field 
the  middle  of  November  after  a  rain  and  an  extreme  drop  in  tem- 
perature (fig.  6).  They  no  doubt  continued  to  appear  for  some 
time.  The  worms  of  this  generation  matured  after  the  middle  of 
January  (fig.  IT).  The  next  generation,  under  the  low  tempera- 
tures prevailing  during  February  and  March,  did  not  mature  until 
toward  the  end  of  the  latter  month,  and  there  was  but  a  single 
generation  after  that  time,  the  larvae  beginning  to  disappear  before 
the  middle  of  May  and  becoming  quite  scarce  before  the  end  of 
the  month. 

In  1926  a  rain  and  drop  in  temperature  (fig.  7)  began  to  bring 
the  moths  out  on  October  10.  They  continued  to  appear  for  some 
time.  The  earlier  start  and  warm  season  gave  opportunity  for  rapid 
development  and  they  were  disappearing  in  December  (fig.  17). 
The  next  generation  extended  through  January,  and  the  third,  start- 
ing the  last  of  January,  extended  over  the  middle  of  March.  The 
fourth  and  last  generation  was  brought  to  an  abrupt  termination 
by  extremely  hot  weather  early  in  May,  which  not  only  destroyed 
the  celery  but  hastened  the  disappearance  of  the  worms,  even  before 
the  celery  was  removed. 

In  the  season  of  1927-28  there  was  rain  and  a  drop  in  temperature 
to  just  below  77°  F.  on  September  9  and  10,  with  a  quick  reversal 
to  high  temperatures  (fig.  8).  On  September  15  the  first  male  tier 
moth  came  to  a  trap  light  in  a  swampy  woods  along  the  side  of  the 
celery  fields.  On  September  16  and  17  several  more  males  came  to 
the  light.  On  September  18  the  first  few  females  were  found  in 
the  celery  beds.  On  September  23  another  rain  and  a  temporary 
drop  below  77°  brought  out  a  few  more.  This  small  infestation  was 
confined  to  the  older  seed  beds,  as  there  was  no  celery  in  the  field  big 
enough  to  shelter  the  moths.  They  gradually  decreased  in  number, 
were  becoming  rare  by  October  10,  and  had  entirely  disappeared  by 
October  13.  The  egg  parasites  and  predators  had  by  this  time  elim- 
inated the  progeny  and  only  one  worm  was  found.  On  October  18 
a  storm  with  a  drop  in  temperature  to  15°  below  normal  occurred, 
and  immediately  following  this  the  tier  appeared  in  large  numbers, 
the  males  by  the  second  day  and  the  females  in  numbers  by  the 
fourth  day.  They  continued  to  appear  for  some  time.  The  first 
progeny  were  nearly  eliminated  by  parasites,  but  a  brood  of  worms 
appeared  in  November  (fig.  17),  a  second  generation  in  December 
and  January,  a  third  in  February  and  March,  and  a  fourth  in  April 
and  early  in  May;  a  small  partial  brood  started  late  in  May  but 
disappeared  with  the  late  celery  harvested  in  June  and  did  not  com- 
plete its  cycle.  None  of  these  three  seasons  could  be  considered 
normal;  the  first  was  almost  exactly  1°  below  normal  in  the  winter 
period ;  the  second  was  slightly  more  than  3°  above  normal ;  and  the 
third  was  almost  as  cold  as  the  first  during  the  winter  season  but 
much  warmer  later  in  the  spring.     From  an  inspection  of  these 
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Figure  17. — The  seasonal  history  of  the  celery  leaf  tier  in  the  Sanford,  Fla.,  area.  The 
broken  line  shows  the  normal,  the  black  line  the  seasonal  mean  temperature,  and  the 
breadth  and  length  of  the  arrows  show  the  size  and  duration,  respectively,  of  the 
broods  of  the  tier. 
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records  it  may  be  inferred  that  in  a  season  of  normal  temperatures, 
with  a  normal  rainfall  and  drop  of  temperature  early  in  October, 
there  would  be  four  generations  ending  late  in  May  or  early  in  June. 

With  a  variation  of  several  weeks  in  the  time  of  appearance  of 
the  moths  in  the  fall  and  a  normal  variation  in  the  length  of  differ- 
ent stages,  added  to  the  length  of  the  oviposition  period,  it  would  be 
expected  that  in  the  second  generation,  or  at  least  in  the  third,  there 
would  be  so  great  an  overlapping  and  confusion  that  the  generations 
could  not  be  distinguished  in  the  field.  Instead,  there  has  been  a 
remarkably  clear-cut  and  definite  demarcation  of  broods  in  any  field 
under  observation.  The  time  of  appearance  and  disappearance  in 
different  fields  has  varied  to  a  much  greater  extent,  but  even  here 
there  has  been  little  difficulty  in  determining  the  generation  to  which 
they  should  be  assigned. 

As  a  field  of  maturing  celery  is  harvested  the  moths  are  driven  out 
and  drift  with  the  wind  to  the  nearest  celery  large  enough  to  shelter 
them.  The  infestation  in  a  field  by  later  generations  will  therefore 
depend  on  its  proximity  to  older  fields,  and  on  the  direction  of  the 
wind  currents  at  the  time  the  older  fields  are  harvested.  If  fields 
adjacent  to  a  given  field  are  harvested  at  different  times  there  may 
be  two  distinct  infestations  of  worms  of  different  ages  in  this  field, 
but  the  later  ones  will  rarely  mature  before  the  celery  is  harvested 
and  will  disappear  at  that  time,  whereas  the  earlier  ones  may  change 
to  moths  and  in  time  infest  some  other  field. 

LIMITING  TEMPERATURES 

From  the  temperature  experiments  (fig.  16)  it  was  determined 
that  a  mean  temperature  of  58°  or  59°  F.  reduced  the  rate  of 
development  of  the  celery  leaf  tier  to  the  point  where  it  would  not 
complete  a  life  cycle  on  the  celery  crop  under  normal  conditions  of 
infestation,  whereas  at  63°  its  development  was  rapid  enough  to 
provide  for  a  continuous  infestation.  It  was  found  to  increase  its 
rapidity  of  development  up  to  75°,  but  the  highest  temperature  it 
could  withstand  and  still  reproduce  was  not  determined.  The  study 
of  winter  temperatures  shows  that  a  mean  temperature  of  59°  for 
the  3  months  was  just  below  the  limit  of  commercial  injury,  and  that 
the  two  seasons  whose  means  were  above  63°  were  seasons  of  serious 
infestation.  Deductions  based  on  the  time  of  its  appearance  in  the 
fall  and  its  disappearance  in  the  spring  indicate  that  a  mean  tem- 
perature of  77°  is  the  upper  limit  of  tier  activity  under  the  con- 
ditions of  humidity  prevailing  in  this  area.  With  these  limits  as  a 
basis  it  is  possible  to  define  a  leaf -tier  belt  (fig.  18)  in  the  same  way 
that  the  celery-growing  belt  was  established.  A  study  of  the  monthly 
mean  temperature  curves  of  the  four  celery -growing  areas  (Florida, 
southern  California,  central  California,  and  Michigan-New  York) 
with  reference  to  this  leaf -tier  belt  is  very  instructive. 

In  the  Michigan-New  York  area  there  is  only  a  4-month  season 
above  the  minimum  temperatures  of  injurious  activity  and  less  than 
3  months  with  favorable  temperatures  between  65°  and  70°  F.  The 
temperatures  for  a  brief  summer  period  are  extremely  favorable  to 
the  development  of  the  celery  leaf  tier  but  the  number  of  genera- 
tions is  limited;  therefore  it  rarely,  if  ever,  attains  injurious  num- 
bers before  the  fall  period,  when  the  temperature  retards  the  activity 
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of  the  worms.  This  brood  of  worms  may  remain  on  the  celery, 
growing  very  slowly  and  doing  little  injury.  Michigan  celery  stalks 
shipped  to  Florida  have  been  found  carrying  as  many  as  6  or  8 
worms  each,  but  showing  little  injury  at  the  time  of  arrival.  With 
the  normal  increase  of  activity  under  the  Florida  temperatures  these 
same  worms  will  render  the  celery  unsightly  in  a  few  days. 

Injury  has  never  been  reported  from  the  central  California  area, 
and  a  glance  at  figure  18  will  indicate  the  reason.     With  the  peak 
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Figure  18. — The  celery  leaf-tier  belt.  Monthly  mean  temperature  curves  of  the  principal 
celery-producing  areas  in  comparison  with  the  limiting  temperatures  of  the  celery  leaf 
tier.  Optimum  conditions'  for  the  development  of  the  leaf  tier  are  represented  by  the 
median  part  of  the  shaded  belt,  favorable  conditions  by  the  parts  slightly  farther  from 
the  center,  and  limiting  conditions  by  the  parts  nearer  the  margins  of  the  belt. 

of  their  shipments  being  made  in  December  (fig.  4)  and  the  tem- 
perature passing  65°  F.  on  October  1  and  57°  on  November  1  there 
is  little  opportunity  for  the  development  of  this  insect. 

The  southern  California  area  has  had  destructive  outbreaks  in 
limited  sections.  As  pointed  out  by  Campbell  (<?,  p.  82),  this  damage 
has  occurred  where  celery  has  been  grown  adjacent  to  sugar  beets. 
The  leaf  tier  develops  on  the  sugar  beet  during  the  favorable  sum- 
mer temperatures  but  does  not  reach  injurious  numbers.    The  har- 
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vesting  of  the  beets  forces  the  moths  over  to  the  young  celery  adjoin- 
ing, where  they  become  extremely  injurious  in  September  and 
October ;  but  with  the  limiting  temperatures  of  November  the  rate  of 
development  is  reduced  so  that  the  insect  is  not  injurious.  The 
solution  of  the  problem  in  this  area  has  been  largely  the  abandon- 
ment of  the  practice  of  growing  celery  adjacent  to  beet  fields. 

In  Florida  the  peak  of  shipment  is  reached  in  March,  and  it  will 
be  observed  that  the  mean  temperature  of  the  three  preceding  months 
in  a  normal  season  is  between  59°  and  60°  F.,  or  at  the  minimum 
of  injurious  activity  for  the  tier.  In  a  normal  season  with  3  months 
of  inhibiting  winter  temperatures  and  4  months  at  the  other  extreme 
and  equally  inhibiting  in  the  summer,  the  short  period  of  favorable 
temperatures  in  the  fall  and  spring  is  not  sufficient  for  the  production 
of  injurious  numbers. 

FOOD  PLANTS 

The  food  habits  of  the  leaf  tier  are  puzzling  and  somewhat  diffi- 
cult to  explain.  In  the  Sanford  area  the  tier  appears  to  be  almost 
exclusively  a  pest  of  celery.  It  has  only  once  or  twice  been  observed 
in  injurious  numbers  on  any  other  plant,  except  as  it  migrated  from 
harvested  celery.  In  the  laboratory  the  moths  lay  eggs  and  the 
little  worms  feed  on  the  leaves  of  beggarticks,  Bidens  leucantha 
(L.)  Willd.,  as  readily  as  on  celery — in  fact  the  worms  starting  on 
this  plant  seem  reluctant  to  leave  the  wilting  Bidens  for  fresh  celery. 
This  same  Bidens  grows  on  the  ditch  banks  throughout  the  celery- 
growing  area  and  the  moths  visit  the  flowers  for  the  nectar,  but 
it  is  only  occasionally  that  a  larva  is  taken  from  this  plant.  At  the 
times  of  highest  concentration  of  infestation  the  moths  flying  in 
front  of  the  spraying  or  dusting  outfits  sometimes  appear  in  swarms 
that  almost  hide  the  team  from  view.  At  such  times  a  few  larvae 
will  be  found  on  other  plants  in  the  field  besides  the  celery — most 
commonly  on  plantain  (Plantago)  and  wild  lettuce  (Lactuca).  At 
the  time  of  the  first  appearance  of  the  moths  in  the  fall,  before  the 
celery  was  large  enough  to  afford  shelter,  worms  were  found  on 
rapidly  growing  plants  of  marsh  marigold  (C  alt  ha  pdlustris  L.) 
and  on  crownbeard  (Verbesina  virginica  L.).  These  plants  were  in 
extremely  rich  and  fertile  areas  and  were  growing  luxuriantly.  The 
weeds  in  the  celery  field  were  growing  rapidly  as  a  result  of  sub- 
irrigation  and  the  application  of  fertilizer  to  the  celery.  Only  a  few 
worms  have  been  taken  from  table  beets.  The  reason  the  Bidens  is 
not  infested  in  the  field  may  be  that  its  narrow  leaves  and  open  type 
of  head  do  not  afford  shelter  for  the  moths.  All  the  other  host  plants 
have  broad  leaves  and  afford  shelter. 

Weigel  {13)  records  a  long  list  of  food  plants  in  the  greenhouse, 
the  greater  number  belonging  to  the  Compositae,  with  chrysanthe- 
mum by  far  the  most  important.  From  a  study  of  this  list  in  con- 
nection with  the  observations  in  the  field,  it  is  evident  that  the  deter- 
mining factor  is  the  forcing  of  the  plants,  luxuriance  of  vegetation 
apparently  being  more  important  than  variety  of  the  plant.  It  is 
not  probable  that  many  of  these  plants,  if  growing  wild,  especially 
under  unfavorable  conditions,  would  be  in  the  least  attractive  to  the 
leaf  tier. 
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THE   TIER  AS   A    GREENHOUSE   PEST 

Only  in  the  region  between  the  Michigan-New  York  celery  area 
and  the  Cotton  Belt  does  the  leaf  tier  become  a  serious  greenhouse 
pest.  This  is,  of  course,  the  greenhouse  belt  as  well.  The  temper- 
ature curves  bounding  this  region  are  presented  in  figure  3.  Con- 
sidering these  curves  in  connection  with  the  57°  to  77°  F.  limita- 
tion of  celery  leaf  tier  activity,  it  will  be  noted  that  this  belt  falls 
in  a  region  where  the  outdoor  summer  temperatures  are  largely  fav- 
orable for  leaf  tier  development  but  where  the  winter  temperatures 
are  far  too  low. 

The  celery  leaf  tier  apparently  spends  the  winter  period  on  chrys- 
anthemum and  other  forced  plantings  in  the  greenhouses;  then, 
when  the  temperatures  rise  above  the  limits  of  tolerance,  it  flies  to 
the  fields  to  pass  the  summer  on  the  growing  truck  crops,  coming 
back  to  the  greenhouse  in  the  fall.  In  the  warmer  part  of  the  Cot- 
ton Belt  many  of  these  insects  would  no  doubt  be  exposed  to  fatal 
temperatures  in  the  greenhouse  in  the  summer  and  even  in  the  open 
would  find  temperatures  inimical  to  multiplication. 

TIME  OF  APPEARANCE  IN  THE  FALL 

The  normal  curve  of  temperature  in  Florida  passes  77°  F.  about 
October  10.  Beginning  early  in  September,  careful  observations 
were  made  on  the  time  of  appearance  of  the  first  moths  in  the 
celery  beds  and  on  the  proportionate  increase  in  numbers  up  to 
the  time  when  the  progeny  of  the  first  moths  appeared.  In  the 
season  of  1925-26  the  first  moths  were  found  on  November  20  and 
only  a  relatively  small  number  appeared  at  any  time  previous  to 
the  maturing  of  their  progeny.  The  few  moths  that  appeared  in 
November  were  found  immediately  after  a  rain  that  was  followed  by 
a  sharp  drop  in  temperature.  The  latter  part  of  the  previous 
September  and  October  had  been  extraordinarily  hot  and  dry — 
in  fact,  the  preceding  summer  had  been  abnormally  warm.  There 
was  a  heavy  rain  on  October  10,  followed  by  a  sharp  drop  in  tem- 
perature but  with  an  immediate  reaction  to  an  extremely  high  point, 
followed  by  another  drop  and  an  immediate  recovery.  A  few 
moths  may  have  appeared  at  this  time;  but,  as  the  work  was  just 
being  organized,  they  were  not  observed.  Careful  checking  of  the 
seed  beds  a  little  later  disclosed  none. 

In  the  season  of  1926-27  October  temperatures  were  practically 
normal.  A  rain  and  a  sharp  drop  in  temperature  on  October  8 
to  10  resulted  in  the  appearance  of  a  very  large  number  of  moths 
on  October  12,  and  moths  continued  to  increase  in  numbers,  espe- 
cially after  another  drop  in  temperature  later  in  the  month.  It 
was  estimated  that  there  were  100  times  as  many  moths  in  the  field 
in  November  as  during  the  same  month  the  previous  year. 

In  the  season  of  1927-28  monthly  temperatures  in  September 
and  October  were  almost  normal.  A  rain,  followed  by  a  drop  in 
temperature  that  carried  the  mean  just  below  77°  F.,  occurred  on 
September  9.  Moths  began  to  appear  in  small  numbers  by  Sep- 
tember 12,  became  increasingly  abundant  in  the  next  2  or  3  weeks, 
then  began  to  disappear,  and  by  October  13  a  careful  search  failed 
to  reveal  a  moth  anywhere  in  the   celery  area.     On   October   14 
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there  was  a  sharp  break  in  temperature  followed  by  rain  and  an 
extreme  drop,  the  mean  temperature  falling  25°  in  a  few  days.  A 
few  moths  appeared  on  October  15,  practically  all  being  males,  and 
by  the  17th  many  more  moths  were  out,  all  fresh,  in  equal  numbers 
of  males  and  females.  Temperatures  went  back  to  normal,  which 
by  that  time  were  favorable,  and  the  moths  continued  to  increase 
in  numbers  for  some  time. 

It  has  been  impossible  in  these  observations  to  differentiate  be- 
tween temperature  and  moisture  because  at  this  time  of  year  tem- 
perature drops  almost  always  followed  storms.  Osborn  and  the 
senior  author  (£,  p.  187)  have  recorded  similar  reactions  in  the 
shovel-nosed  leaf  hopper  (Dory cephalitis  platyrhynchuis  Osb.), 
where  humidity  of  the  atmosphere  appeared  to  be  the  only  possible 
explanation,  as  the  insects  themselves  were  in  a  shelter  and  the 
reaction  took  place  before  the  storm  struck.  The  celery  leaf  tier 
no  doubt  passes  the  summer  in  places  of  concealment,  where  the 
precipitation  does  not  affect  it  directly.  Therefore  it  is  probable 
that  the  determining  factor  in  the  time  of  its  appearance  is  the 
return  of  temperatures  within  favorable  limits,  although  the  humid- 
ity factor  may  be  necessary  to  make  the  temperature  operative.  If 
this  is  true  it  may  explain  the  nonappearance  of  the  moths  in  the 
extremely  hot  and  dry  September  and  October  of  1925,  even  though 
for  two  brief  periods  the  temperatures  were  extremely  favorable. 

The  hurricane  of  July  28,  1926,  was  accompanied  by  a  drop  in 
temperature  that  carried  the  mean  to  74°  F.  for  a  2-day  period.  No 
moths  were  observed  after  this  storm.  However,  the  celery  was 
just  coming  up  and  the  beds  were  badly  washed  out  and  might  not 
have  been  attractive  to  the  moths  at  that  time.  The  hurricane  of 
August  8  and  9,  1928,  carried  the  mean  temperature  down  to  almost 
75°  for  a  2-day  period,  but  diligent  search  following  this  period 
did  not  disclose  a  tier.  After  observing  the  effect  of  these  two 
hurricanes  one  may  be  fairly  certain  that  such  out-of -season  drops 
in  temperature  do  not  supply  all  the  factors  necessary  for  the  appear- 
ance of  the  moths. 

EFFECT  OF  RAINS  ON  THE  NUMBERS  OF  THE  TIER 

The  suggestion  has  been  made  that  heavy  rains  serve  to  keep  the 
tier  under  control.  There  are  two  reasons  why  this  might  be  as- 
sumed: (1)  The  tiers,  in  feeding  above  the  heart  of  the  celery,  leave 
in  their  abandoned  webs  a  mass  of  excrement  or  frass,  which  often 
remains  after  most  of  the  worms  have  ceased  feeding  and  have  spun 
up  to  pupate.  A  heavy  rain  at  this  time  will  wash  most  of  this  frass 
away,  thereby  improving  the  appearance  of  the  celery.  (2)  Even 
if  the  worms  are  still  feeding,  the  rain  washes  away  the  old  frass 
and  the  cold  weather  that  ordinarily  follows  a  rain  retards  the  feed- 
ing ;  therefore  the  combination  of  rain  and  cold  improves  the  appear- 
ance of  the  celery. 

In  the  temperature  chambers  it  has  been  demonstrated  that  tem- 
perature is  a  controlling  factor  in  the  activity  of  the  leaf  tier.  On 
the  other  hand,  insects  in  the  laboratory  did  not  appear  to  be  at  all 
affected  by  driving  storms  that  occasionally  flooded  the  cages.  In 
order  to  test  this  matter  further  a  careful  study  was  made  of  the 
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direct  effects  of  storms  in  the  fields,  and  there  did  not  seem  to  be 
any  correlation  between  precipitation  and  the  activity  of  the  tier, 
although  there  was  always  a  high  correlation  between  temperature 
and  activity.  In  the  season  of  1925-26,  in  which  no  commercial  in- 
jury occurred,  there  were  three  periods  during  the  celery  season  in 
which  the  precipitation  was  far  below  normal  (fig.  6)  but  the  tier 
did  not  increase  in  numbers  during  these  periods.  During  the  ex- 
tremely dry  season  of  1926-27,  three  heavy  storms  occurred — one 
in  November,  one  in  February,  and  one  in  March  (fig.  7.)  The  No- 
vember and  March  storms  preceded  extreme  drops  in  temperature, 
but  the  February  storm  occurred  during  an  excessively  hot  period 
and  the  temperature  did  not  drop  below  normal.  Careful  counts 
were  made  after  each  of  these  storms  in  fields  that  had  been  under 
observation  previously  so  that  the  relative  infestation  was  known. 
In  no  instance  was  it  possible  to  detect  any  difference  in  the  relative 
numbers  of  any  stage  of  the  insect  after  the  storms.  On  the  other 
hand,  during  the  first  half  of  January  1927  there  were  two  periods 
of  extremely  low  temperature,  and  again  the  first  of  March  was  a 
third  period  of  almost  equally  low  means  in  which  no  precipitation 
occurred.  In  each  of  these  three  periods  the  activity  of  the  tier 
was  retarded  to  a  much  greater  degree  than  it  was  in  the  three 
periods  of  heavy  precipitation  but  less  severe  temperatures.  On 
the  other  hand,  the  80-mile  wind  of  the  July  hurricane,  together 
with  the  8-inch  precipitation  that  accompanied  it,  did  destroy  most 
of  the  amaranth  leaf  tiers  in  the  field  at  that  time.  This  was  because 
the  rain  and  wind  beat  the  vegetation  down  against  the  ground,  in 
exposed  places  stripping  most  of  the  leaves  from  the  plants.  In 
a  number  of  the  exposed  situations  not  more  than  3  to  5  percent  of 
the  larvae  or  moths  survived.  In  certain  sheltered  places,  where  the 
force  of  the  wind  was  broken  by  buildings  or  timber  and  the  vegeta- 
tion was  not  beaten  into  the  ground,  little  damage  was  done  and 
both  moths  and  larvae  were  found  in  abundance,  notwithstanding 
the  8-inch  rainfall. 

HOW  THE  TIER  PASSES  THE  SUMMER 

In  a  normal  year  the  temperature  passes  77°  F.  at  the  end  of  May 
and  there  is  less  fluctuation  of  the  extremes;  in  fact,  a  transition 
between  the  fluctuating  temperatures  of  the  celery  season  and  the 
constant  ones  of  the  summer  occurs.  In  the  season  of  1925-26,  in 
which  May  temperatures  were  near  normal,  the  celery  leaf  tier 
began  to  decrease  in  numbers  about  the  time  the  mean  of  75°  was 
reached,  and  practically  disappeared  before  the  last  of  the  celery 
was  harvested  the  first  of  June.  It  was  expected  that  at  this  time 
the  leaf  tier  would  transfer  from  the  celery  to  the  vegetation  along 
the  border  of  fields,  or  possibly  to  the  cooler  swamps.  A  careful 
search  during  the  summer  season  that  year  and  in  successive  years 
did  not  result  in  the  discovery  of  a  single  moth  or  larva  anywhere 
until  the  return  of  the  moths  to  the  celery  fields  in  the  fall. 

As  all  of  the  moths  that  returned  to  the  field  were  extremely  fresh 
and  were  laying  eggs  at  a  rapid  rate,  it  was  apparent  that  they  had 
not  come  in  from  other  areas.  The  moths  appeared  in  the  celery 
fields  in  numbers  closely  proportionate  to  the  extent  of  infestation 
of  the  previous  year,  suggesting  that  the  insect  passed  the  summer  in 
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or  close  to  the  fields.  As  the  fields  in  the  two  major  areas  were 
separated  only  by  ditch  banks,  there  did  not  seem  to  be  opportunity 
for  survival,  except  in  the  fields  themselves.  Plans  were  made  to 
cage  a  large  number  of  worms  at  the  close  of  the  next  season  to 
determine  whether  the  moths  would  appear  the  next  fall  inside  the 
cages,  and  also  to  make  investigations  in  other  places  to  ascertain 
whether  the  insects  were  passing  the  summer  in  the  soil.  The  ex- 
ceptionally warm  season  that  followed  resulted  in  the  disappearance 
of  the  moths  in  April  instead  of  May,  and  at  the  time  it  was  planned 
to  fill  the  cages  disappearance  and  parasitization  had  reduced  the 
numbers  practically  to  the  vanishing  point.  It  had  been  previously 
observed  that  many  celery  stalks  that  were  discarded  in  the  field  were 
mined  by  the  worms,  and  it  was  thought  that  either  the  worms  or 
the  pupae  would  be  plowed  under  in  these  stalks  and  would  remain 
in  the  field  throughout  the  summer.  However,  no  larvae  or  pupae 
were  found  in  the  soil  later  in  the  season. 

In  the  meantime  the  study  of  soil  temperatures  and  the  observa- 
tions on  other  insects  suggested  that  most  of  the  aestivating  insects 
in  this  region  sought  dry  and  sheltered  hiding  places  rather  than 
burrow  into  a  soil  that  was  likely  to  be  heated  to  a  fatal  temperature 
at  the  surface  and  frequently  saturated  below.  It  was  also  noticed 
that  the  large  two-striped  walkingstick  (Anisomorpha  buprestoides 
Stoll)  of  the  saw  palmetto  (Serenoa)  was  congregating  and  disap- 
peared very  soon  after  the  celery  leaf  tier  disappeared.  In  the  sum- 
mer a  woodpile  was  moved  and  hundreds  of  these  walkingsticks  were 
found  lying  at  full  length  between  the  logs.  When  disturbed  they 
crawled  about,  but  immediately  returned  to  their  hiding  places  and 
disappeared.  The  day  after  the  celery  leaf  tier  appeared  in  the  fall, 
the  first  active  walkingstick  was  seen,  and  in  a  few  days  they  were 
again  back  in  their  old  haunts.  Apparently  the  temperature  rela- 
tions that  limited  the  activity  of  the  tier  were  equally  potent  in 
controlling  the  activity  of  the  walkingstick. 

In  the  breeding  experiments  it  had  been  found  that  the  leaf -tier 
moths  began  to  lay  after  the  second  day  and  that  their  heaviest  egg 
deposition  came  between  the  third  and  fifth  days.  From  the  fresh- 
ness and  the  heavy  egg-laying  proclivities  of  the  moths  found  in  the 
fields  during  the  fall  periods  of  the  first  and  second  years  it  was 
believed  that  the  insects  must  have  passed  the  summer  as  larvae  or 
pupae  and  have  just  issued  at  the  time  of  their  appearance,  therefore 
search  was  continued  for  larvae  or  pupae.  Not  until  after  the  appear- 
ance of  the  moths  in  the  fall  of  1927  did  it  occur  to  the  authors  that 
a  possible  interpretation  of  the  fact  that  the  moths  raised  at  the 
higher  temperatures  did  not  lay  eggs,  and  on  examination  did  not 
appear  to  have  eggs  to  lay,  was  that  these  moths  were  going  to  pass 
the  summer  in  a  dormant  condition,  probably  not  developing  eggs 
until  they  came  out  of  aestivation  at  the  proper  time  in  the  fall. 

If  the  celery  leaf  tier  aestivates  in  the  adult  stage,  the  moths  may 
fly  some  distance — many  miles  if  necessary — to  find  a  satisfactory 
hiding  place.  If  dryness  and  equable  temperatures  are  the  chief 
considerations,  it  is  likely  that  such  a  position  might  be  found  under 
the  drooping  leaves  of  the  fall  cabbage  palmettos  (Sapal)  that  grow 
by  the  hundreds  of  thousands  in  the  surrounding  swamps  (fig.  19). 
Opportunities  for  concealment  could  also  be  found  in  the  haystacks, 
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sheds,  and  similar  places  around  the  fields,  or  even  under  the  ragged 
bark  of  the  larger  trees  in  the  swamps. 

In  the  season  of  1925-26  no  commercial  damage  occurred  but  local 
infestation  appeared  in  a  number  of  places.  In  one  place  the  celery 
just  adjoining  a  farmhouse  was  badly  infested,  the  infestation  extend- 
ing out  only  a  few  rods  and  rapidly  decreasing  in  intensity  as  the 
distance  increased.  The  farmhouse  had  a  bay  window  with  an 
extremely  heavy  overhanging  vine  that  would  have  afforded  a  very 
cool  and  dry  shelter  for  the  moths  from  the  previous  season.  In 
another  place  the  corner  of  the  field  next  to  a  number  of  haystacks 
and  an  open  shed  was  almost  destroyed,  but  a  little  farther  away  the 
injury  was  slight,  and  at  the  other  side  of  the  field  hardly  per- 
ceptible. The  first  two  moths  found  that  fall  were  taken  from  the 
edge  of  a  field  under  the  shade  of  a  cabbage  palmetto.    The  next  five 


Figure   19. — Cabbage   palmettos    (Sabal)    in   a   hammock   bordering   the   celery-producing 

area. 

were  found  alongside  a  rambling  shed  near  the  margin  of  a  field. 
Hours  of  search  in  the  remainder  of  these  two  fields  did  not  reveal 
another  moth.  Moths  have  been  seen  in  the  early  twilight,  coming 
from  the  direction  of  a  swamp  and  drifting  steadily  along  a  few 
feet  above  the  freshly  planted  celery.  No  moths  could  be  found  in 
the  field  itself,  but  the  celery  bed  that  afforded  shelter  was  heavily 
infested. 

These  data  suggest  that  moths  maturing  in  the  increasing  tempera- 
tures of  the  spring  season  are  especially  adapted  to  aestivation  and 
that  egg  development  does  not  take  place  until  the  next  October, 
when  temperatures  are  favorable.  Aestivation  of  other  insects  under 
similar  conditions  is  well  known.  The  Colorado  potato  beetle 
(Leptinotarsa  decemlineata  Say)  is  a  good  example.  The  common 
June  beetles  {Phyllophaga  spp.)   finish  feeding  in  the  spring,  re- 
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main  dormant  over  the  summer  and  winter,  and  emerge  the  next 
spring.  Webster  and  Parks  (12)  show  a  partial  aestivation  of  the 
serpentine  leaf  miner  (Agromyza  pusilla  Meig.)  in  the  Salt  Lake 
Valley  and  quote  Wildermuth  as  recording  a  complete  aestivation 
of  this  species  through  the  heat  of  the  summer  in  Arizona.  Marsh 
(7)  states  that  the  diamondback  moth  (Plutella  ?naculipennis  Curt.) 
is  active  throughout  the  year  in  the  South,  but  in  his  long  list  of 
occurrences  there  are  no  records  for  extreme  southern  points  in  July 
and  August.  The  present  writers  have  found  the  diamondback  moth 
swarming  on  cabbages  in  the  winter,  but  its  injury  lessens  in  the 
spring,  and  it  has  not  been  found  later  in  the  summer.  Boll  (2) 
found  the  alfalfa  caterpillar,  (0 olios)  Eurymus  eury theme  Bdv., 
active  in  Texas  from  November  to  the  last  of  June,  indicating  that 
it  aestivates  there  from  July  to  November.  Coad  (4)  states  that  the 
thurberia  weevil  (Anthonornus  grandis  thurheriae  Pierce)  hibernates 
in  the  cotton  bolls  and  may  remain  there  in  a  dry  season  until  the 
rains  of  July  or  August,  thus  prolonging  the  hibernation  into 
aestivation. 

ALTERNATE  HOSTS 

TEMPERATURE  RELATIONS   OF  SPECIES   OF  AMARANTH 

The  earlier  harvested  celery  fields  are  usually  planted  to  corn,  but 
the  later  ones  lie  idle  from  late  in  May  to  September  or  October. 
The  soil  is  rich  with  the  residual  fertilizer  from  the  celery  crop,  and 
this,  with  the  abundant  rains  of  the  summer,  soon  causes  a  luxuriant 
crop  of  weeds  to  cover  the  abandoned  fields.  Among  these  weeds 
the  dominant  species  are  a  number  of  the  subtropical  "  five-finger  " 
grasses  and  two  species  of  amaranth,  Amaranthus  retroflexus  L.,  or 
pigweed,  a  species  of  almost  world-wide  distribution,  with  broad 
leaves  and  enlarged  heads,  and  A.  spinosus  L.,  commonly  called  the 
"  careless  weed  "  or  "  thorny  amaranth  ",  because  of  its  heavy  arma- 
ment of  very  irritating  spines.  The  latter  is  more  tropical  in  its 
limitations  than  A.  retroflexus.  As  will  be  shown  later,  these  two 
plants  are  important  links  in  the  natural  control  of  the  celery  tier. 
In  a  normal  season  A.  retroflexus  first  appears  in  the  sheltered  spots 
around  the  celery  fields  the  last  of  April,  but  only  a  small  number 
appear  in  open  fields  until  early  in  May.  These  are  followed  in  a 
week  or  two  by  A.  spinosus.  The  amaranth  plants  attain  luxuriant 
growth  by  the  time  the  amaranth  leaf  tier  appears  in  June.  As  the 
later  celery  fields  are  abandoned  and  corn  cultivation  ceases,  a  con- 
tinuous succession  of  young  amaranth  plants  affords  succulent  foliage 
for  the  amaranth  leaf  tiers.  The  amaranth  foliage  is  very  tender, 
the  first  frosts  destroy  the  upper  leaves,  and  most  of  the  plants  are 
killed  early.  A  few  plants  in  sheltered  locations  survive  the  winter, 
but  the  foliage  of  these  is  much  reduced  and  thickened  and  appar- 
ently is  not  palatable.  The  water  hemp  (Acnida),  a  still  more 
succulent  plant  and  adapted  to  wetter  soils  and  cooler  temperatures, 
often  starts  earlier  in  the  spring,  reaching  a  height  of  10  or  15  feet 
in  a  few  months.  This  plant  grows  in  the  rich  muck  soils  along 
the  edges  of  lakes  and  marshes  and  is  often  spoken  of  as  a  "  careless 
weed."  Late  plants  of  this  species  and  table  beets  are  often  food 
plants  of  the  last  of  the  amaranth  tiers  late  in  the  fall  and  early 
in  the  winter, 
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COMPARISON  OF  CELERY  AND  AMARANTH  SEASONS 

Celery  and  amaranth  represent  almost  the  two  extremes  in 
plant  adaptation  to  Florida  temperatures.  The  celery  plant  for  its 
normal  growth  is  strictly  limited  to  the  winter  season,  or  the  period 
when  the  mean  temperatures  are  below  74°  F.  (fig.  20).  This  sea- 
son may  be  extended  in  favorable  years  by  planting  the  celery  before 
the  temperatures  become  favorable,  and  the  ripening  crop  can  often 
be  carried  for  a  few  weeks  beyond  this  limit  in  the  spring;  but  the 
favorable  and  safe  season  for  celery  production  is  from  about  Oc- 
tober 10  to  May  15.  On  the  other  hand,  the  amaranths  flourish 
in  the  extreme  heat  of  the  summer.  It  is  probable  that  their  tem- 
perature limitations  extend  upward  beyond  that  indicated  in  figure 
20,  but  there  is  no  method  of  determining  this,  as  they  have  with- 
stood all  high  temperatures  that  have  occurred  in  Florida.  Their 
minimum  limitations  are,  however,  very  definitely  marked.  They 
do  not  appear  in  the  spring  until  May  and  in  the  fall  their  growth 
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Figure  20. — Growing   seasons   of   celery  and  amaranth   in   Florida. 

is  limited  and  their  leaves  are  dwarfed,  even  when  there  is  no  frost. 
In  order  to  make  the  growing  season  for  amaranth  strictly  com- 
parable with  that  for  celery,  the  time  when  transplanted  amaranth 
plants  would  thrive,  rather  than  the  time  of  normal  germination, 
should  probably  be  considered.  This  would  very  likely  make  fhe 
amaranth  season  begin  in  April. 

LIMITING  TEMPERATURES  FOR  AMARANTH  LEAF  TIERS 

In  the  Sanford  celery  area  four  species  of  leaf  tier  are  practically 
dependent  upon  amaranths  for  survival,  although  frequently  they 
seriously  injure  table  beets  raised  in  the  fall.  These  tiers  are  (1) 
the  garden  webworm  (Loxostege  siinilalis  Guen.),  (2)  the  spotted 
beet  webworm  (Hynienia  perspectalis  Hbn.),  (3)  the  Hawaiian  beet 
webworm  (H.  fascialis  Cram.),  and  (4)  the  southern  beet  webworm 
(Pachyzancla  bipunetalis  Fab.).  These  tiers  as  a  group  are  strictly 
limited  to  the  summer  season.     They  never  appear  until  early  in 
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June,  become  increasingly  abundant  during  the  hottest  periods  of 
summer,  and  disappear  with  the  colder  weather;  or  the  last  indi- 
viduals may  remain  until  the  frosts  of  December  kill  their  food 
plants.  Different  species  apparently  have  different  temperature  re- 
actions. L.  similalis  appears  first  and  disappears  before  the  hot 
weather.  H.  perspectalis  is  the  next  to  appear  and  strips  the  leaves 
from  large  areas,  becoming  exceedingly  abundant  in  July.  It  pre- 
fers the  thicker  and  more  luxuriant  growths  and  its  first  stripping 
is  always  beneath  the  heavier  foliage  where  it  will  not  be  seen. 
H.  fascialis  and  P.  bipunctalis  appear  at  the  same  time,  usually  late 
in  June,  and  increase  in  numbers  until  August,  when  they  defoliate 
the  later  growths  of  amaranth.  They  prefer  the  more  open  growths 
and  are  especially  abundant  on  isolated  plants.  Later  in  the  fall 
there  is  usually  another  less  severe  outbreak  of  H.  perspectalis  and 
this  is  followed  by  H.  fascitis  and  P.  bipunctaZis^  which  continue 
until  frost  eliminates  their  food  plants. 
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^£3  AMARANTH  LEAF  TIER  BELT 
NORMAL  TEMPERATURE   CURVE 


AUG.  SEPT.  OCT.  NOV.    DEC.  JAN.    FEB.  MAR.  APR.  MAY  JUNE  JULY  AUG.  SEPT.  OCT.  NOV.  DEC. 
Figure  21. — Seasons  of  the  celery  leaf  tier  and  the  amaranth  leaf  tiers  in  Florida. 


The  eggs  and  larvae  of  these  tiers  are  the  summer  hosts  for  the 
parasites  and  predators  of  the  celery  leaf  tier  and  are  an  important 
factor  in  the  natural  control  of  the  latter  species,  as  will  be  shown 
in  detail  later. 


SEASONAL   RELATIONS    OF   CELERY   AND    AMARANTH    LEAF    TIERS 

Under  Florida  conditions,  the  celery  leaf  tier  has  been  shown  to 
be  strictly  limited  to  the  cooler  months,  whereas  the  amaranth  tiers 
are  as  strictly  limited  to  the  summer  period  (fig.  21).  This  alterna- 
tion of  seasons  is  of  importance  in  maintaining  a  constant  supply  of 
hosts  for  the  parasites,  and  the  overlapping  of  distribution  in  the 
fall  is  undoubtedly  a  major  factor  in  the  natural  control  of  the  celery 
leaf  tier,  as  the  rapid  decrease  in  the  numbers  of  the  amaranth  tier 
forces  an  immediate  shift  of  the  parasites  to  the  relatively  scarce, 
and  at  that  time  locally  distributed,  celery  leaf  tiers. 
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NATURE'S  CHECKS  TO  MULTIPLICATION 

INSECT   PARASITES   OF   THE   CELERY   LEAF   TIER 

There  are  three  parasites  of  the  celery  leaf  tier  in  Florida  that 
are  factors  in  its  control.  Extended  study  is  being  made  of  their  life 
histories,  distribution,  and  biological  relations,  and  especially  of  the 
possibility  of  artificial  increase  and  dissemination.  Only  the  broader 
biological  applications  and  the  importance  of  this  factor  in  the  nat- 
ural control  of  the  celery  tier  will  be  discussed  in  this  bulletin. 

LARVAL  PARASITES 

Two  hymenopterous  parasites  that  attack  the  larvae  of  the  celery 
tier  have  been  found.  They  have  not  appeared  in  sufficient  numbers 
in  the  Sanford  area  to  be  more  than  a  minor  factor  in  control,  but 
in  certain  critical  periods  they  can  be  counted  on  as  an  aid  in  reduc- 
ing the  numbers  of  the  tier. 

The  ichneumonid  Casinaria  infesta  Cress.,  the  more  important  of 
the  two,  attacks  the  larvae  of  many  species  of  Lepidoptera.  It  is 
apparently  adapted  to  even  lower  temperatures  than  is  the  celery 
leaf  tier,  appearing  later  in  the  season  and  disappearing  early.  As 
the  celery  leaf  tier  and  the  celery  looper  (Autographa  falcifera  Kby.) 
are  practically  the  only  larvae  available  during  the  major  portion 
of  the  celery  season,  the  activities  of  0.  infesta  are  confined  to  these 
species,  sometimes  parasitizing  4  or  5  percent. 

The  braconid  Apanteles  marginiventris  Cress.,  the  other  larval 
parasite,  is  much  smaller  than  Casinaria  infesta  and  is  equally  di- 
versified in  its  host  relationships.  It  disappears  during  the  normal 
winter  season  and  appears  again  in  the  spring,  attaining  its  maxi- 
mum abundance  in  April  and  May,  in  the  latter  part  of  the  period 
of  normal  abundance  of  the  celery  leaf  tier.  This  parasite  continues 
throughout  the  summer  in  lessened  numbers  on  the  amaranth  leaf 
tiers  and  is  a  constant  but  minor  cause  of  reduction  in  numbers  of 
the  celery  leaf  tier.  Parasitization  by  this  species  under  the  most 
favorable  conditions  has  rarely  exceeded  4  percent. 

EGG   PARASITES 

Next  to  temperature  the  most  important  factor  in  the  natural  con- 
trol of  the  celery  leaf  tier  is  the  chalcidoid  egg  parasite  Tricho- 
gramma  ndnutum  Riley.  This  species  is  widely  distributed  and 
attacks  the  eggs  of  many  lepidopterous  insects.  It  is  active  only  in 
warm  weather  and  in  this  region  appears  to  be  closely  associated  with 
the  different  species  of  amaranth  leaf  tiers.  With  the  introduction 
of  celery  culture  into  Florida  this  insect  found  a  new  and  valuable 
addition  to  its  food  resources.  The  eggs  of  the  amaranth  tiers  are 
abundant  on  the  few  remaining  leaves  of  the  plants  in  the  fall  and 
the  egg  parasite  increases  rapidly  in  numbers.  As  many  as  160  para- 
sites have  been  reared  from  100  tier  eggs  at  the  time  the  amaranth 
leaf  tiers  were  disappearing  for  the  winter  and  the  celery  leaf  tier 
was  just  appearing.  These  parasites  immediately  transfer  to  the 
new  host  and  may  be  counted  upon  to  destroy  from  70  to  90  percent 
of  the  eggs  of  the  first  celery  leaf  tier  moths  to  appear,  thus  limiting 
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the  increase  of  this  insect  during  the  period  of  optimum  temperatures 
in  the  fall. 

C.  O.  Bare  informs  the  writers  that  in  his  controlled-temperature 
experiments  T.  mirmbwm  did  not  lay  eggs  until  the  temperature 
reached  62°  F.  This  agrees  with  the  occurrence  of  the  insect  in  the 
field.  In  a  normal  season  the  parasite  practically  disappears  in  De- 
cember and  does  not  appear  again  until  April.  On  the  other  hand, 
during  excessively  warm  winters  of  the  years  of  heavy  infestation 
by  the  celery  leaf  tier,  when  the  mean  temperatures  range  from  60° 
to  65°,  T.  minutum  continues  its  activity,  although  in  lessened 
numbers. 

Under  normal  conditions  T.  minutum  gradually  multiplies  .from 
the  time  of  its  appearance  in  April  until  it  becomes  an  important 
factor  in  control  at  about  the  time  the  celery  leaf  tier  is  disappearing 
in  May  and  early  in  June.  In  1926-27  the  extraordinary  tempera- 
tures of  February  permitted  a  rapid  multiplication  of  this  species, 
and  by  April  it  had  become  a  major  factor  in  reducing  the  numbers 
of  the  celery  leaf  tier.  The  temperatures  were  about  2  months  ahead 
of  normal,  and  the  activity  of  the  egg  parasite  and  the  disappearance 
of  the  celery  leaf  tier  were  in  the  same  ratio.  At  about  the  time 
the  celery  leaf  tier  disappears  the  egg  parasites  transfer  to  the  eggs 
of  Loxostege  similalis,  the  first  of  the  amaranth  leaf  tiers  to  appear 
in  the  spring,  and  by  the  time  the  other  tiers  become  abundant  egg 
parasitization  frequently  runs  to  90  percent  or  higher.  The  succes- 
sion of  different  amaranth  leaf  tiers,  however,  carries  the  egg  para- 
site through  the  summer  season,  and  it  is  widely  distributed  and 
abundant  in  the  fields  when  the  fall  drop  in  temperature  brings  out 
the  celery  leaf  tier. 

BIRDS  AS  A  CONTROL  FACTOR 

In  a  normal  season  birds  are  the  third  most  important  factor  in 
the  control  of  the  celery  leaf  tier,  and  for  about  5  or  6  weeks  in  the 
spring  they  constitute  the  major  control.  During  this  critical  period 
the  rising  temperatures  no  longer  inhibit  the  growth  of  the  tier,  but 
are  not  yet  high  enough  to  be  favorable  to  the  egg  parasite.  F.  M. 
Uhler  was  detailed  by  the  Bureau  of  Biological  Survey  of  the 
United  States  Department  of  Agriculture  to  investigate  the  relation- 
ship of  birds  to  the  celery  leaf  tier,  and  spent  the  latter  half  of 
February  and  the  first  part  of  March  1927  in  the  field.  The  tem- 
peratures during  this  period  were  from  5°  to  7°  above  normal,  and 
one  of  the  most  serious  outbreaks  of  the  leaf  tier  ever  recorded 
occurred,  making  this  an  opportune  time  for  Mr.  Uhler's  study. 
However,  as  this  was  one  of  the  most  abnormal  winter  seasons  in 
Florida  in  many  years,  it  did  not  give  a  true  picture  of  the  normal 
conditions. 

In  the  spring  of  1928  Mr.  Uhler  spent  a  much  longer  period  in  the 
celery  fields.  The  mean  temperature  of  this  season  was  below  normal 
and  the  tier  was  practically  controlled  by  natural  factors.  The  rel- 
ative numbers  of  the  different  species  of  birds  and  the  time  they 
spent  in  the  celery  fields  were  quite  different  from  those  of  the  pre- 
vious year,  but  their  importance  in  the  critical  spring  period  was 
again  demonstrated. 


42       TECHNICAL   BULLETIN    46  3,    U.    S.    DEPT.    OF    AGRICULTURE 

The  migratory  birds  remaining  in  Florida  in  the  fall,  or  those 
passing  through  Florida  on  their  way  farther  south,  have  traversed 
regions  of  abundant  food  and  are  therefore  well  nourished.  They 
arrive  in  Florida  at  a  time  when  there  is  an  abundance  of  insect 
life  of  all  kinds  in  the  woods  and  swamps  and  when  the  celery  has 
just  been  planted  and  few  pests  have  been  established  in  the  fields. 
These  birds  rarely  visit  the  fields  and  are  of  little  economic  im- 
portance. But  when  the  returning  migrants  reach  this  section  of 
Florida  in  the  spring,  they  have  just  completed  a  long  ocean  flight 
and  arrive  hungry  and  more  or  less  exhausted  at  a  time  when  insect 
life  in  the  swamps  is  dormant;  when  even  in  the  drier  and  more 
sunny  sections  of  the  open  woods  the  vegetation  is  scarcely  starting 
to  grow,  and  insect  life  is  at  a  minimum.  The  birds  that  make 
Florida  their  winter  home  have  already  reduced  the  edible  insects 
in  the  woods  to  a  minimum.  On  the  other  hand,  the  fields  are 
crowded  with  celery  in  which  the  celery  looper  and  the  celery  leaf 
tier  are  rapidly  increasing  in  numbers.  The  celery  plant  and  its 
two  insect  pests  are  adapted  to  the  moderate  summer  temperatures  of 
the  extreme  northern  section  of  the  United  States  and  therefore  find 
in  this  early  spring  season  temperatures  favorable  to  their  develop- 
ment at  a  time  when  the  native  insects  and  native  plants,  adapted 
to  much  warmer  temperatures,  are  still  more  or  less  dormant.  The 
birds  are  thus  forced  to  the  celery  fields  for  their  food  supply. 

The  yellow  palm  warbler  (Dendroica  palmarum  hypochrysea 
Kidgway),  one  of  the  most  important  of  the  20  or  more  species  of 
birds  that  Uhler  lists  as  visitors  of  the  celery  fields,  appears  early  in 
the  spring  and  for  a  month  and  a  half  is  found  throughout  the  sec- 
tion. It  feeds  on  the  larvae  and  adults  of  the  celery  looper  and  the 
celery  leaf  tier  and  may  be  seen  at  any  time  resting  on  the  tops  of  the 
celery  stalks  or  running  along  under  the  shelter  of  the  rows,  picking 
up  worms,  pupae,  and  moths.  When  food  is  scarce  rows  of  these 
birds  are  often  seen  perched  on  the  empty  crates  just  back  of  the 
harvesters  and  when  a  moth  is  shaken  out  of  the  celery  there  is  a 
dash  and  a  snap,  then  the  bird  is  back  on  its  perch  again. 

The  tree  swallow  (Iridoprocne  bicolor  Vieillot)  is  the  second  most 
important  bird  enemy  of  the  leaf  tier  under  normal  conditions  and 
during  the  serious  infestation  of  1928  it  was  probably  the  most  im- 
portant. These  birds  fly  over  the  marshes  in  immense  flocks,  gather- 
ing the  myriads  of  gnats,  but  when  any  spraying  or  dusting  ma- 
chine appeared  in  the  celery  fields  and  disturbed  the  moths,  numbers 
of  these  swallows  encircled  the  machine,  picking  up  nearly  every 
moth  that  was  dislodged.  After  the  introduction  of  pyrethrum  for 
control,  the  importance  of  the  swallow  was  materially  increased. 
Dusting  with  pyrethrum,  under  favorable  conditions,  was  highly 
effective  in  killing  the  larvae  of  the  tier,  but  it  killed  only  a  small 
percentage  of  the  moths,  large  numbers  flying  up  to  escape  its  fumes 
and  darting  back  into  the  celery  at  some  little  distance,  only  to  ap- 
pear again  and  repeat  the  performance  until  they  escaped  from  the 
dusted  area.  With  the  appearance  of  the  pyrethrum  duster  in  the 
fields  the  swallows  came  in  even  greater  numbers  and  hung  over  the 
fields  for  hours,  skimming  just  above  the  celery  and  snapping  up  the 
moths  as  they  appeared.  By  dusting  at  a  time  in  the  day  when  the 
swallows  were  in  the  fields  it  was  possible  to  eliminate  practically  all 
the  moths,  as  well  as  the  larvae.    The  swallows  remained  for  some 
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time  after  the  last  of  the  warblers  and  pipits  had  gone,  but  their 
numbers  continually  decreased. 

The  pipits  (Anthus  spp.)  range  the  fields,  picking  up  the  worms 
that  have  been  shaken  out  of  the  celery  and  often  foraging  in  the 
growing  crop. 

In  the  smaller  celery  fields,  more  or  less  surrounded  by  woods, 
birds  were  usually  sufficiently  abundant  to  hold  the  pests  (the  celery 
looper  and  the  leaf  tier)  in  check.  On  the  other  hand,  in  the  more 
concentrated  areas  where  few  shrubs  remain  that  could  afford  shelter 
for  the  birds,  the  numbers  were  smaller  and  the  pests  gained  head- 
way. 

The  grackles  (Quiscalus  spp.),  the  red-winged  blackbird  (Agelaius 
phoeniceus  L.),  and  the  eastern  cowbird  (Molothrus  aier  ater 
Boddaert)  visited  the  fields  in  large  flocks  and  contributed  materially 
to  the  reduction  in  the  number  of  leaf  tier  larvae.  Late  in  the 
season,  after  most  of  the  other  migratory  birds  had  left  for  the  north, 
the  resident  birds,  such  as  the  eastern  mocking  bird  (Mimus 
polyglottos  polyglottos  L.),  the  meadowlark  (Sturnella  magna  L.), 
and  the  remaining  grackles  were  constantly  searching  the  few  un- 
harvested  fields  for  larvae  to  feed  to  their  nestlings.  A  continuous 
succession  of  these  birds  could  be  seen  flying  from  their  nesting  places 
directly  to  the  fields  and  returning  with  green  worms  hanging  from 
their  bills.  Their  flight  was  always  an  air  line  for  the  nest.  At  this 
time  large  flocks  of  returning  bobolinks,  or  rice  birds  (Dolichonyx 
oryzivorus  L.),  were  cleaning  up  the  last  of  the  worms  before  con- 
tinuing their  migration  northward. 

DISEASES  AFFECTING   THE   LARVAE 

A  bacterial  disease  frequently  attacks  the  celery  looper  in  the 
spring  and  completely  destroys  that  pest.  The  disease  sometimes 
spreads  to  the  celery  leaf  tier ;  however,  as  it  is  apparently  effective 
only  under  rather  exceptional  conditions  of  temperature  and 
moisture  not  yet  well  understood,  and  as  the  tier  does  not  appear  in 
considerable  numbers  until  after  the  favorable  conditions  for  the 
development  of  the  disease  have  passed,  its  control  of  the  leaf  tier 
is  only  rarely  effective.  Attempts  to  grow  and  distribute  this  disease 
have  not  proved  successful. 

A  fungus  disease  has  also  been  noted  attacking  both  the  looper  and 
the  tier  in  the  field,  but  it  is  of  even  less  importance  than  the 
bacterial  disease. 

PREDACIOUS   INSECTS   AND   SPIDERS 

Predatory  insects  and  spiders  abound  in  subtropical  climates,  but 
most  of  the  species  found  in  Florida  are  adapted  to  activity  in  the 
summer  and  are  relatively  quiescent  during  the  winter.  Certain 
paper  wasps  (Polistes  canadensis  var.  annularis  L.)  and  digger 
wasps  (Fossores)  are  very  active  on  the  amaranth  leaf  tiers  and  on 
the  southern  army  worm  (Prodenia  eridania  Cram.)  in  the  sum- 
mer season,  but  their  activity  ceases  at  about  the  temperatures  favor- 
able to  the  celery  leaf  tier,  therefore  they  are  a  minor  factor  in  the 
direct  control  of  this  pest  and  are  injurious  insofar  as  they  reduce 
the  numbers  of  the  other  pests  that  support  the  parasites  of  the  leaf 
tier  over  summer.    Species  of  stink  bugs  (Stiretrus  anchorage-  Fab. 
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and  Alcaeorrhynchus  gramdis  Dall.)  feed  actively  on  amaranth  leaf 
tiers  and  armyworms  in  the  summer  outbreaks,  but,  although  they 
occasionally  appear  in  the  celery  fields,  their  work  is  of  relatively 
little  importance.  Certain  spiders  are  found  in  the  celery  fields  and 
are  active  most  of  the  season.  They  undoubtedly  are  a  factor  in  the 
reduction  in  the  number  of  moths  and  worms,  and  in  the  early  fall, 
when  the  egg  parasites  have  reduced  the  number  of  larvae  to  a 
minimum,  they  may  be  of  considerable  importance.  The  number  of 
tier  larvae  reaching  maturity  from  the  first-brood  eggs  is  exceedingly 
small. 

The  predators  all  together  are  probably  injurious,  as  their  reduc- 
tion of  the  number  of  summer  hosts  of  the  parasites  of  the  celery 
leaf  tier  overbalances  their  effectiveness  on  the  tier  itself. 

THE  BALANCE  OF  NATURE 

The  relative  importance  and  periods  of  activity  of  the  different 
factors  that  contribute  to  the  natural  control  of  the  celery  leaf  tier 
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Figure  22. — The  balance  of  nature.  The  relative  importance  and  period  of  activity  of 
the  various  factors  in  the  natural  control  of  the  celery  leaf  tier.  The  black  line 
represents  the  rate  of  increase  of  the  tier  in  a  normal  season  as  affected  by  various 
factors  shown  below  it.  The  broken  line  represents  the  variation  caused  by  an 
exceptionally  warm  winter. 


have  been  brought  together  in  graphic  form  in  figure  22.  Under 
favorable  conditions  the  female  tiers  lay  from  180  to  280  eggs,  or 
an  average  of  about  230,  making  it  possible  for  one  pair  of  celery 
leaf  tiers  to  produce  a  one  hundred  and  fifteen  fold  increase.  There 
are  about  four  generations  in  a  normal  season.  A  single  pair  of 
celery  moths  appearing  on  October  10  would,  therefore,  if  their 
descendants  all  survived,  produce  more  than  200,000,000  larvae  to 
attack  the  celery  crop  in  May — an  army  that  could  seriously  injure 
about  400  acres  of  celery.  Such  a  multiplication  is  represented  by 
100  percent  in  figure  22.  The  celery  leaf  tier,  appearing  in  a  normal 
season  at  the  first  marked  drop  in  temperature  after  October  10, 
encounters  the  controlling  factors  shown  in  the  lower  part  of  the 
diagram.  The  time  of  action  of  these  factors  is  indicated  by  their 
positions,  and  their  importance  is  indicated  by  their  relative  widths. 
Their  importance  in  a  normal  season  is  indicated  by  their  rank,  the 
more  important  being  placed  above. 
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It  will  be  noted  that  the  curve  of  increase  of  the  celery  leaf  tier, 
starting  at  100  percent  on  October  10,  rapidly  falls  to  a  very  low 
figure.  The  activity  of  the  egg  parasite  is  the  major  factor  in  this 
immediate  drop.  As  the  lower  temperatures  appear  the  value  of 
the  egg  parasite  decreases  and  the  multiplication  of  the  tier 
'increases  for  a  short  period.  The  retarding  effect  of  the  temperatures 
continually  increases  until  after  the  first  of  January,  and  reduces  the 
multiplication  of  the  tier  to  a  minimum  again.  Beginning  in  Febru- 
ary, after  the  temperature  has  become  more  favorable,  the  migra- 
tory birds  appear  and  in  March  they  become  the  important  control 
factor.  By  April  the  temperature  is  nearly  at  an  optimum  for  the 
celery  leaf  tier,  most  of  the  birds  have  departed,  the  parasites  have 
not  appeared,  and  the  tier  increases  rapidly  in  abundance.  About 
the  first  of  May  the  egg  parasites  again  appear  in  economic  num- 
bers and,  as  they  increase  with  about  the  same  rapidity  as  the  tier, 
the  latter  does  not  increase  further  in  rate  of  multiplication.  Before 
the  first  of  June  the  parasites  and  the  unfavorable  high  temperatures 
cause  a  decline  in  the  tier  population,  which  terminates  abruptly 
with  the  disappearance  of  the  pest  into  summer  quarters. 

The  broken  line  beginning  in  December  (fig.  22)  indicates  the 
relative  activity  of  the  tier  under  the  favorable  conditions  of  an 
extremely  warm  winter.  When  the  low  temperatures  of  December 
have  reduced  the  egg  parasites  to  a  minimum  and  January  tempera- 
tures have  been  favorable  for  the  tier,  the  latter  gains  in  numbers 
and  continues  to  increase  throughout  the  rest  of  the  season.  Under 
such  conditions  the  number  of  moths  and  worms  in  the  fields  in 
March  is  so  great  that  the  migratory  birds  take  all  they  want  and  still 
leave  an  abundance  to  reproduce  and  continue  the  injury,  and  a 
destructive  outbreak  develops.  If  the  temperatures  continue  above 
normal  the  egg  parasites  will  increase  in  numbers  and  reduce  the 
infestation  before  the  end  of  the  season,  but  if  temperatures  drop 
back  relatively  close  to  normal  again  the  egg  parasites  will  be 
retarded  and  the  injury  will  continue  to  increase  unless  control 
measures  are  employed. 

ECONOMIC  FACTORS 

CONCENTRATION  OF  INFESTATION 

For  the  first  4  months,  or  until  the  first  of  February,  the  distri- 
bution of  the  celery  tier  in  the  fields  is  roughly  proportionate  to  the 
age  of  the  celery.  About  this  time,  however,  the  harvesting  of  the 
older  celery  proceeds  more  rapidly  than  the  planting  of  the  new,  and 
the  area  in  celery,  which  has  been  constantly  increasing  up  to  this 
time,  begins  to  diminish  and  is  steadily  reduced  until  the  close  of  the 
season  in  May  or  early  in  June.  As  a  field  of  celery  is  harvested, 
the  moths  are  constantly  forced  back  into  the  unharvested  portion, 
or  they  may  drift  with  the  wind  to  other  fields.  In  any  case,  at  the 
end  of  the  harvest  of  a  field  the  moths  are  forced  out  of  that  field 
into  the  adjoining  celery.  They  pass  over  the  younger  celery  and 
congregate  in  the  older,  to  be  forced  out  again  as  these  fields  are 
harvested.  As  this  process  continues  the  concentration  increases 
rapidly  (fig.  23)  until  what  might  have  been  a  relatively  minor 
infestation,  if  uniformly  distributed  over  an  area,  becomes  seriously 
injurious  where  the  concentration  is  highest. 
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With  moths  flying  at  all  times,  it  would  naturally  be  expected  that 
a  constant  succession  of  young  worms  would  be  found  in  the  field. 
Instead  the  worms  are  usually  practically  uniform  in  size,  the 
size  being  determined  by  the  time  of  harvesting  the  adjoining 
field.  If  the  moths  are  forced  into  the  field  more  than  6  weeks 
before  the  celery  is  harvested,  the  ensuing  generation  of  worms  will 
mature,  if  the  temperatures  are  favorable,  and  produce  moths  to 
infest  other  fields.  If,  on  the  other  hand,  the  infestation  occurs 
less  than  6  weeks  before  harvest,  in  the  February  and  March  period, 
most  of  the  worms  or  pupae  will  be  shaken  out  of  the  celery  in  hand- 
ling and  will  be  destroyed  by  the  birds,  and  the  remainder  will  be 
shipped.  Therefore  little,  if  any,  concentration  in  other  fields 
results.  Later  in  the  season,  in  April  and  May,  the  life  cycle  of 
the  tier  is  shorter,  and  by  this  time  practically  all  of  the  celery  has 
been  infested  by  concentration  and  by  the  normal  migration  from 
one  field  to  another. 

In  years  in  which  the  temperature  is  below  normal,  a  longer  time 
is  required  for  worms  to  mature  and  few  of  them  ever  reach  matur- 
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Figure  23. — Concentration  of  infestation  by  the  celery  leaf  tier  in  celery  fields  in  Florida. 
The  horizontal  lines  represent  successive  plantings  of  celery,  from  the  time  of  trans- 
planting, to  the  end  of  harvesting.  The  light  part  of  each  line  represents  small,  the 
central  part  medium-sized,  and  the  heavy  part  maturing  celery.  The  proportion  of 
each  line  at  the  right  of  the  curve  indicates  the  increasing  number  of  moths  migrating 
from  the  later  plantings  at  the  time  the  celery  is  harvested. 

ity  before  the  celery  is  harvested.  Under  such  conditions  concen- 
tration is  relatively  unimportant  and,  except  in  isolated  cases,  may 
be  neglected.  Figure  23  graphically  illustrates  the  concentration 
process  and  a  glance  down  any  given  date  line  will  show  approx- 
imately the  amount  of  celery  of  different  ages  in  the  fields  in  a 
normal  season. 

In  an  exceptionally  warm  season  concentration  of  infestation  is 
an  increasingly  important  factor  from  the  beginning  of  February 
until  near  the  end  of  the  season  (when  the  few  remaining  fields  are 
more  or  less  isolated)  and  special  precautions  should  be  taken  to 
prevent  the  concentration  or  to  protect  invaded  fields. 

SEASONAL  GROWTH  OF  THE  CELERY  PLANT 

When  the  celery  plant  is  taken  from  the  crowded  seed  bed  and 
transplanted  to  the  field  it  is  a  spindling  plant  4  inches  or  more  in 
height,  with  3  or  4  very  small  leaves.  These  plants  are  set  in  rows 
30  inches  apart  and  spaced  about  4  inches  in  a  row,  making  about 
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50,000  per  acre.  At  first  these  plants  usually  wilt  down  in  the  day- 
time but  in  a  few  days  they  straighten  up,  the  older  leaves  dying. 
At  this  time  a  field  offers  no  shelter  for  the  moth  of  the  celery  leaf 
tier  and  only  under  exceptional  conditions  is  such  celery  infested. 
The  development  of  the  young  celery  plant  is  rather  slow  at  first. 
It  scarcely  increases  in  height  for  some  time,  but  forms  a  semi- 
rosette  type  of  structure.  After  about  2  months  it  is  usually  large 
enough  to  afford  shelter  for  the  moths  and  begins  to  have  the 
celery  odor,  which  is  probably  a  factor  in  attracting  them.  In  a 
few  weeks  more  it  has  acquired  a  well-developed  root  system  and  is 
capable  of  utilizing  the  fertilizer  that  is  now  applied,  and  growth 
from  this  time  on  is  very  rapid.     The  length  of  time  it  is  left  in  the 


Figure  24. — End  view  of  a   row  of  celery,   showing  the  canopy  of  leaves  covering  the 
secondary  growth  around  the  heart. 

field  depends  upon  weather  conditions,  and  probably  even  more 
upon  market  price.  In  general,  about  4  months  is  required  for  the 
crop  to  reach  maturity. 

A  cross  section  of  a  fully  developed  celery  row  is  illustrated  in 
figure  24.  This  shows  the  perfect  canopy  of  leaves  over  the  top  and 
the  group  of  secondary  leaves  just  above  the  heart  of  the  celery. 
The  leaves  exposed  to  the  sunlight  become  deep  green  and  are  not 
attractive  to  the  worms  of  the  leaf  tier,  although  the  celery  looper 
feeds  on  them  from  preference.  Extensive  counts  have  shown  that 
the  eggs  of  the  celery  leaf  tier  may  be  deposited  on  the  under  side 
of  the  leaves,  anywhere  on  the  plant.  The  larger  proportion,  how- 
ever, are  deposited  on  the  secondary  leaves  under  the  cover.  The 
small  worms  hatching  from  the  eggs  on  the  outer  leaves  usually 
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migrate  within  a  few  days  to  the  more  tender  leaves  in  the  cluster 
about  the  heart. 

The  almost  complete  canopy  over  the  celery  row  (fig.  24)  makes 
the  thorough  application  of  any  liquid  spray  a  very  difficult  mat- 
ter. The  celery  stalks  are  very  brittle  and  any  attempt  to  draw 
them  over  will  result  in  breakage,  and  without  displacing  the  cover 
a  proper  distribution  of  spray  material  on  the  secondary  leaves  is 
very  difficult.  On  account  of  the  peculiar  nature  of  this  canopy  it 
is  probable  that  dusting  will  be  more  successful  than  spraying  in  the 
control  of  many  celery  pests. 

THE  PERCENTAGE  OF  ORIGINAL  LEAVES  OF  THE  CELERY  PLANT  USED  AS  FOOD 

In  order  to  determine  at  what  time  in  the  growth  of  the  celery 
plant  the  application  of  remedies  that  would  leave  poisonous  residues 
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Figure  25. — Rate  of  development  and  death  of  successive  leaves  on  a  celery  plant,  and 
the  number  of  leaves  on  the  plant  when  in  the  crate  and  when  prepared  for  the  table. 
The  first  15  leaves  died  before  the  plant  was  taken  up,  and  15  more  were  removed 
before  it  was  placed  in  the  crate. 

on  the  plant  must  be  discontinued,  a  careful  and  detailed  study  was 
made  of  the  ultimate  fate  of  each  leaf  that  developed  on  the  average 
celery  plant  from  the  time  of  transplanting  to  early  maturity.  The 
results  are  shown  in  figure  25,  from  which  it  is  seen  that  the  outside 
leaves  are  continually  dropping  off  as  new  ones  push  up  from  within. 
Only  3  of  the  leaves  produced  in  the  first  month  survived  after  the 
second  month,  and  only  7  produced  in  the  second  month  survived 
after  the  third  as  functional  leaves  on  the  plant,  and  all  of  these  and 
8  more  were  stripped  off  in  preparing  this  celery  for  the  crate.  This 
celery  was  harvested  at  the  end  of  the  first  10  days  of  the  fourth 
month — really  before  it  was  ready  for  market.  It  would  have  been 
much  larger  in  size  and  of  much  better  quality  had  it  been  allowed  to 
stand  the  normal  period  of  4  months,  but  even  with  this  extremely 
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early  harvest  not  a  single  leaf  that  was  aboveground  on  the  plant  at 
the  end  of  the  second  month  appeared  in  the  crate;  in  fact  only 
those  leaves  that  had  developed  within  30  days  were  found  in  the 
crate,  and  it  is  probable  that  this  would  have  been  true  had  the  celery 
been  allowed  to  grow  20  days  longer.  In  preparing  the  celery  for 
the  table  a  still  further  elimination  of  the  outer  leaves  is  made; 
therefore  celery  as  served  appears  to  be  made  up  almost  entirely  of 
leaves  that  developed  in  the  last  20-day  period  of  normal  growth. 

From  this  study  it  is  evident  that  any  arsenical  applied  to  the  cel- 
ery during  the  first  or  second  month  of  growth  will  not  be  carried 
over  into  the  harvested  crop.  Although  of  little  importance  in  the 
control  of  the  leaf  tier,  as  that  insect  attacks  the  plants  during  the 
last  2  months  of  growth,  this  fact  is  of  vast  importance  in  pointing 
the  way  to  a  safe  and  satisfactory  control  of  the  cutworms  and  the 
southern  armyworm,  which  attack  early  celery  in  the  fall. 

APPLICATION   OF  ARSENICALS 

The  standard  remedy  for  the  control  of  leaf-feeding  caterpillars 
has  long  been  the  application  of  some  arsenical  compound,  either  in 
the  form  of  spray  or  dust.  When  the  worms  first  appeared  in  serious 
numbers  in  the  fields  at  Sanford,  applications  of  arsenicals  were 
tried.  The  spray  outfits  in  use  in  the  fields  were  of  the  gear-driven 
type,  excellently  adapted  for  the  application  of  bordeaux  mixture 
or  other  fungicides,  but  lacking  in  power  to  drive  an  arsenical  in 
through  the  leaf  canopy  of  the  nearly  mature  celery  to  the  secondary 
leaves,  where  the  worms  were  feeding.  Growers  who  succeeded  in 
reaching  the  celery  hearts,  either  by  increasing  the  power  of  the 
sprayer  or  by  dropping  the  nozzles  below  the  leaf  canopy,  were  suc- 
cessful in  control;  but  they  found  arsenical  residues  remaining  on 
the  celery  at  harvest  time.  In  many  instances  these  residues  reduced 
the  salability  of  the  crop  even  more  than  damage  by  worms  would 
have  done.  It  was  found  later  that  the  excess  of  arsenic  could  be 
removed  by  especially  designed  washing  equipment. 

In  most  of  this  work  calcium  arsenate  was  the  arsenical  used.  A 
few  growers  mixed  paris  green  with  bran  to  form  a  poisoned  bait 
which  they  scattered  in  the  rows,  but  this  tended  to  gather  in  the 
base  of  the  stalks  and,  as  the  bran  swelled  in  the  washers,  it  was  very 
difficult  to  remove.  Others  attempted  to  use  paris  green  and  molasses 
in  a  liquid  spray,  but  in  several  instances  this  caused  burning. 

Some  carefully  conducted  laboratory  tests  were  made  of  the  rela- 
tive killing  efficiency  of  calcium  arsenate  and  paris  green,  and  it  was 
found  that  even  where  leaves  were  thoroughly  dusted  with  calcium 
arsenate  and  larvae  of  the  tier  were  compelled  to  feed  upon  them,  it 
took  a  long  time  to  kill  them,  whereas  worms  on  leaves  similarly 
treated  with  paris  green  died  very  quickly.  For  example,  if  worms 
feeding  on  leaves  dusted  with  calcium  arsenate  were  removed  at  the 
end  of  4  days  to  foliage  that  had  not  been  poisoned  the  worms  all 
survived  and  matured,  but  those  in  the  paris  green  experiment  soon 
ceased  feeding,  began  to  die  at  the  end  of  the  second  day,  and  by  the 
fourth  day  most  of  them  were  dead — even  those  removed  to  fresh 
nonpoisoned  foliage  soon  died.  This  may  in  part  explain  why  such 
excessive  quantities  of  calcium  arsenate  were  required  to  bring  about 
a  control  of  the  pest. 
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USE   OF    LIGHT   TRAPS    TO    COLLECT    MOTHS 

R.  H.  Muirhead,  who  had  experimented  with  light  traps  during 
previous  outbreaks,  stated  that  he  had  caught  a  large  number  of 
moths  of  the  celery  leaf  tier.  F.  H.  Lathrop  was  detailed  by  the 
Bureau  of  Entomology  to  make  a  study  of  the  value  of  light  traps 
during  the  winter  season  of  1925-26.  Dr.  Lathrop  tested  the  relative 
value  of  different  colored  lights,  but  unfortunately  there  were  few 
moths  during  the  period  of  the  test.  When  the  moths  began  to  be 
abundant  in  the  spring  of  1927  the  writers  induced  Mr.  Muirhead  to 
start  his  trap  lights  again.  Each  light  consisted  of  a  72-watt  electric 
light  suspended  over  a  washtub  placed  about  4  feet  from  the  ground. 
The  tub  was  filled  with  water  to  within  a  few  inches  of  the  top,  with 
a  film  of  kerosene  on  the  surface;  then  the  light  was  lowered  to 
within  about  2  inches  of  the  level  of  the  water.  Two  trap  lights  were 
similarly  placed  in  a  3-acre  field  of  celery  and  the  current  was  turned 
on  at  dusk  and  shut  off  in  the  morning.  At  first  the  two  lights  were 
of  the  same  height.  In  order  to  test  the  value  of  different  heights  one 
light  was  lowered  to  within  about  2  feet  of  the  ground.  From  that 
time  on  the  higher  light  always  caught  the  larger  number  of  moths. 
The  moths  apparently  flew  directly  to  the  light  and  most  of  them,  in 
attempting  to  pass  under  it,  struck  the  kerosene  film  at  once. 

These  two  trap  lights  were  operated  on  the  favorable  evenings 
over  a  50-day  period,  from  February  20  to  April  10,  when  the  celery 
was  harvested.  Not  counting  a  few  cold  windy  nights  on  which 
the  lights  were  maintained  in  order  to  determine  their  value  under 
such  circumstances,  there  were  23  favorable  nights  during  the  period ; 
and  49,600  celery  tier  moths  were  collected,  or  an  average  of  a  few 
more  than  1,000  per  night  for  each  light.  The  maximum  catch  for 
one  night  was  4,500.  A  number  of  the  major  catches  were  sorted 
as  to  males  and  females.  In  one  of  the  largest  catches  there  were 
twice  as  many  females  as  males;  in  some  of  the  other  catches  60 
percent  were  females.  The  number  of  eggs  in  the  females  varied 
at  different  periods.  At  the  end  of  a  brood  the  majority  of  the 
females  contained  relatively  few  eggs;  on  the  average,  20  percent 
appeared  to  have  a  full  supply  of  eggs,  70  percent  had  one-half 
supply  or  more,  and  only  10  percent  had  laid  all  their  eggs.  The 
moths  had  apparently  developed  in  this  field  at. a  rate  ranging  from 
25,000  to  50,000  per  acre ;  therefore,  the  total  catch  represented  about 
one-half  of  the  population.  This  result  does  not  compare  favorably 
with  the  effectiveness  of  pyrethrum  dusting  combined  with  the  activ- 
ity of  swallows  in  eliminating  the  moths,  but  it  might  be  found 
profitable  in  areas  where  boarded  celery  was  becoming  heavily  in- 
fested from  concentration. 

CONTROL  WITH  PYRETHRUM  DUST 

Pyrethrum  had  been  recommended  by  the  Bureau  of  Entomology 
and  was  in  use  by  a  few  of  the  celery  growers  prior  to  the  season 
of  1925-26,  but  the  post-war  price  of  this  material  practically  pro- 
hibited its  use.  By  the  time  of  the  outbreak  in  the  spring  of  1927 
the  price  had  been  reduced  to  about  32  cents  a  pound  for  the  better 
grades.     Careful  tests  were  made  of  the  killing  efficiency  of  dif- 
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ferent  quantities  of  the  dust  and  of  different  times  and  methods 
of  application.  It  was  found  that  from  40  to  50  pounds  per  acre 
was  required  for  satisfactory  control  of  the  worms.  The  ordinary 
horse-drawn  dusters  are  capable  of  distributing  only  about  20  to 
25  pounds  to  the  acre  in  1  application;  therefore,  the  application 
to  an  area  was  repeated  within  30  minutes  or  an  hour.  One  double 
application,  costing  about  $16  per  acre  for  material,  if  applied 
under  favorable  conditions,  would  practically  eliminate  the  worms 
for  the  time.  The  pyrethrum  had  no  appreciable  effect  on  the  eggs 
or  on  the  pupae,  and  its  effect  on  the  moths  depended  upon  a  num- 
ber of  variable  factors  and  was  hard  to  estimate.  In  most  cases  a 
small  percentage  of  the  moths  were  actually  killed.  Others  were 
found  on  the  ground  or  in  the  crotches  of  the  plant,  unable  to  fly, 
but  these  usually  recovered  later.  About  the  time  of  this  experiment 
it  was  discovered  that  if  the  dusting  was  done  at  a  time  when  the 
swallows  were  in  the  field,  the  moths  flying  up  to  escape  the  py- 
rethrum fumes  would  be  snapped  up  by  the  swallows;  by  keeping 
this  factor  in  mind  and  timing  the  dusting,  80  or  90  percent  of  the 
moths  Could  be  eliminated  within  the  day  or  two  in  which  the  dust 
appeared  to  remain  sufficiently  concentrated  to  be  repellant  to  them. 
The  most  effective  of  these  treatments  left  eggs  in  the  field  and  often 
left  pupae  that  would  soon  appear  as  moths;  therefore,  a  second 
application  within  10  days  or  2  weeks  was  necessary  in  order  to 
reduce  the  numbers  permanently.  In  the  latter  part  of  the  bad 
seasons  the  continual  concentration  of  moths,  owing  to  the  decreasing 
acreage  of  celery,  caused  continuous  reinfestation,  and  repeated 
applications  of  pyrethrum  were  necessary. 

RELATIVE  AMOUNT  OF  FOOD  CONSUMED   BY  LARVAE  AT  DIFFERENT   STAGES  OF 

GROWTH 

A  careful  study  was  made  of  the  total  amount  of  food  necessary 
for  the  development  of  the  average  tier  from  the  egg  to  the  pupal 
stage.  This  amount  appeared  to  be  relatively  constant,  regardless 
of  whether  the  worm  grew  rapidly  under  favorable  temperatures  or 
more  slowly  during  the  winter  period.  The  striking  thing  was  the 
relatively  small  amount  of  food  consumed  in  the  beginning  and 
the  proportionately  large  amount  consumed  in  the  last  few  days  of 
growth.  Figure  26  illustrates  this  graphically,  showing  that  during 
the  first  week  the  total  amount  consumed  was  insignificant;  the 
second  week  it  was  barely  noticeable ;  during  the  third  week  the  worm 
began  to  develop  an  appetite ;  and  in  the  5  days  of  the  fourth  week  it- 
consumed  more  food  than  it  had  done  in  all  of  its  previous  feeding. 
The  total  amount  of  celery  leaf  consumed  by  a  worm  was  about  2*4 
square  inches.  About  1  square  inch  of  this  was  eaten  in  the  first  3 
weeks  and  the  remainder  in  the  last  5  days.  A  rapidly  growing 
celery  plant  would  not  be  materially  affected  by  the  loss  of  an  inch 
of  leaf  surface  in  a  3-week  period,  but  when  the  larger  worms  con- 
centrate in  the  small  group  of  leaves  above  the  heart  and  destroy 
the  leaves  at  the  rate  of  1  square  inch  per  worm  every  4  days,  web- 
bing and  filling  the  remainder  with  an  unsightly  mass  of  frass,  the 
situation  becomes  alarming,  for  the  result  of  such  feeding  is 
disastrous. 
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WHY  A  VARIATION  OF  1°  OR  2°  FROM  NORMAL  MEAN  TEMPERATURE  MAKES  THE 
DIFFERENCE  BETWEEN  NO  INJURY  AND  A  SERIOUS  OUTBREAK  OF  THE  CELERY 
LEAF  TIER  IN  FLORIDA 

To  anyone  accustomed  to  working  with  insects  during  the  summer 
season  in  the  northern  latitudes  the  statement  that  a  variation  of  1° 
or  2°  in  mean  temperature  will  make  all  the  difference  between  a 
serious  outbreak  and  no  commercial  injury  sounds  incredible,  and 
would  be  with  respect  to  insects  under  northern  conditions.  In 
northern  latitudes  insects  are  working  at  temperatures  fairly  near 
optimum  throughout  a  very  large  portion  of  the  summer  season.  A 
variation  of  1°,  2°,  or  even  4°  or  5°  would  make  no  appreciable 
difference  in  their  development  under  these  conditions.  But  if  these 
insects  should  be  transferred  to  the  winter  season  in  Florida,  they 
would  be  normally  working  very  close  to  the  minimum  limit  of  their 
adaptation,  and  a  permanent  lowering  of  the  temperature  by  2° 
would  usually  result  in  their  elimination ;  the  raising  of  the  tempera- 
ture 2°  would,  on  the  other  hand,  tremendously  increase  the  rapidity 
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Figure  26. — The  relative  feeding  capacity  of  a  celery  leaf  tier  worm  at  different  ages. 

of  their  development.  Even  so,  such  a  statement  would  not  be  made 
with  respect  to  the  celery  leaf  tier  if  the  truth  of  it  had  not  been 
tested  time  and  again  and  in  very  different  ways.  A  difference  of  2° 
in  the  normal  mean  winter  temperature  has  invariably  made  the 
difference  between  an  outbreak  and  no  commercial  injury.  A  similar 
difference  in  the  mean  temperature  of  different  sections  of  the  same 
area  has  meant  the  same  in  the  sections  affected.  A  mean  tempera- 
ture, especially  in  winter,  is  computed  from  widely  fluctuating 
maxima  and  minima,  which  in  themselves  vary  greatly  from  week 
to  week,  as  successive  northers  sweep  across  the  continent ;  they  also 
vary  from  year  to  year.  Yet  the  fact  remains  that  a  given  mean 
temperature  has  produced  a  given  result,  whether  the  mean  is  ob- 
tained from  a  constant-temperature  apparatus  or  is  computed  from 
a  40-degree  range  of  variation. 

There  are,  however,  certain  factors  that  contribute  materially 
to  the  extreme  sensitiveness  of  the  celery  leaf  tier  to  temperature. 
First,  there  is  the  remarkable  lengthening  of  the  life  period  of  the 
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celer}^  leaf  tier  as  soon  as  the  temperature  drops  appreciably  below 
60°  F.  (fig.  16).  A  drop  of  20°  from  a  temperature  near  80°  or 
90°  does  not  make  half  so  much  difference  in  the  length  of  the  life 
cycle  as  does  a  change  of  2°  near  55°.  On  the  other  hand,  a  change 
of  2°  or  even  5°  near  55°  makes  comparatively  little  difference  in 
the  rapidity  of  growth  of  the  celery  plant.  It  has  been  noted  that 
at  the  normal  mean  winter  temperature  of  the  celery  areas  the 
tier  requires  almost  exactly  2  months  to  mature  and  that  the  moths 
rarely  deposit  eggs  in  the  celery  before  it  is  half  grown.  Therefore 
the  race  between  the  celery  and  the  tier  as  to  which  will  mature 
first  is  almost  even,  with  all  the  advantage  to  the  celery  as  the  tem- 
perature falls  even  1°  or  2°.  If  the  tier  matures  before  the  celery 
is  harvested,  the  moths  will  be  able  to  fly  to  other  fields  and  con- 
tinue the  infestation.  If,  on  the  other  hand,  they  fail  of  maturity 
by  even  2  or  3  days  they  will  be  shipped  with  the  celery  or  shaken 
out  in  the  field  to  be  destroyed  by  the  birds  or  plowed  under  with 
the  leaves,  and  relatively  few  of  them  will  survive  to  mature  and 
reproduce.  This  almost  hair-trigger  balance  between  the  rates  of 
maturity  of  the  celery  and  of  the  tier  is  the  chief  factor  in  pro- 
ducing this  remarkable  difference  in  the  effect  of  slight  variations 
in  mean  temperature. 

The  second  and  almost  equally  important  factor  is  illustrated 
in  figure  26.  As  the  celery  approaches  maturity  it  may  carry  as 
many  as  40  or  50  small  worms  to  a  plant  without  showing  appre- 
ciable signs  of  injury.  On  celery  harvested  any  time  within  2  weeks 
of  their  appearance,  the  injury  will  be  scarcely  noticeable.  On 
the  other  hand,  celery  boarded  for  bleaching  in  the  middle  of  the 
third  week  after  these  worms  appear  and  left  the  normal  10-day 
period  might  be  entirely  destroyed  by  these  ravenous  worms  in 
their  last  few  days  of  feeding.  If  the  celery  is  harvested  in  the 
first  2  weeks,  there  will  be  no  suggestion  of  an  outbreak;  but  if 
harvested  in  the  fourth  week,  with  exactly  the  same  number  of 
worms  of  the  same  generation,  the  infestation  would  be  serious. 
Whether  or  not  the  worms  reach  this  final  feeding  stage  depends 
entirely  on  the  variation  in  temperature,  and  a  difference  of  2° 
is  amply  sufficient  to  make  a  difference  of  10  days  in  their  maturity. 

This  remarkable  influence  of  so  slight  a  temperature  change  can- 
not, therefore,  be  translated  into  general  terms  or  made  applicable 
to  any  other  insect  or  condition.  It  is  the  result  of  a  peculiar  com- 
bination of  factors  strictly  limited,  so  far  as  now  known,  to  the 
growing  of  winter  celery  under  Florida  conditions. 

SUMMARY  AND  CONCLUSIONS 

The  sudden  and  unprecedented  increase  in  the  numbers  of  the 
celery  leaf  tier  in  the  Sanford,  Fla.,  celery-producing  area  in  1923  and 
1925  indicated  that  there  had  been  a  radical  departure  from  the 
normal  in  one  or  more  of  the  factors  entering  into  the  balance  main- 
tained by  nature. 

In  a  3-year  study  of  the  problem  the  authors  worked  out  an 
extremely  complicated  biological  complex  involving  2  host  plants  for 
leaf  tiers,  3  parasites,  several  birds,  2  diseases,  and  a  number  of 
predators,  all  intimately  associated  in  an  unstable  balance  largely 
influenced  by  temperature  factors.    The  detailed  results  of  a  number 
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of  these  studies  have  been  prepared  for  separate  publication,  and 
only  their  broader  biological  aspects  are  included  in  this  bulletin. 

The  three  most  important  factors,  arranged  in  order  of  importance, 
were: 

(1)  Temperature.  A  fluctuation  of  1°  or  2°  from  the  normal  mean 
temperature  of  the  3  winter  months  (December,  January,  and  Feb- 
ruary) was  found  to  make  the  difference  between  serious  infestation 
and  no  commercial  injury.  This  almost  hair-trigger  reaction  was  the 
result  of  a  number  of  interacting  factors,  the  most  important  being 
the  time  required  to  mature  a  celery  crop  as  compared  with  the  time 
required  to  mature  a  brood  of  worms. 

(2)  The  egg  parasite  Trichogramma  minutum.  This  insect  multi- 
plied in  the  rising  temperatures  of  the  spring  and  materially  reduced 
the  numbers  of  the  leaf  tiers.  After  the  celery  tier  disappeared,  it 
parasitized  the  eggs  of  the  amaranth  tiers  and,  increasing  in  num- 
bers during  the  late  summer,  was  able  to  practically  annihilate  the 
eggs  of  the  first  brood  of  celery  tiers  to  appear  in  the  fall. 

(3)  The  migratory  birds  wintering  in  the  region,  or  on  their  way 
north  in  the  spring,  cleaned  the  worms  and  pupae  of  the  celery  leaf 
tier  and  celery  looper  from  the  isolated  fields  and  those  adjacent  to 
woods  or  other  favorable  shelters.  In  the  solidly  planted  areas  where 
there  were  no  shelters  the  birds  were  less  numerous  and  did  not  hold 
the  worms  in  check.  The  swallows  encircled  the  machines  that  were 
distributing  pyrethrum  dust  and  skimmed  over  the  dusted  fields, 
capturing  80  or  90  percent  of  the  moths  as  they  flew  up  to  avoid  the 
fumes. 

The  factors  entering  into  the  natural  balance  were  able  to  reduce 
the  numbers  of  the  celery  tier  to  a  minimum  in  normal  seasons,  but 
when  one  warm  winter  season  followed  another  the  tier  was  able  to 
increase  to  injurious  numbers.  When  there  were  three  warm  winter 
seasons  in  succession  the  damage  was  extremely  severe.  A  study  of 
winter  temperatures  indicated  that  such  a  combination  would  very 
rarely  occur. 

The  proper  use  of  pyrethrum  dusts,  with  the  applications  so  timed 
as  to  utilize  the  activities  of  the  swallows  in  catching  the  moths, 
controlled  even  the  worst  outbreaks. 
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INTRODUCTION 

Asparagus  (Asparagus  officinalis  L.)  is  a  plant  native  to  the  Old 
World,  and  its  young  shoots  have  been  used  as  food  since  ancient  times. 
In  temperate  climates  its  production  is  confined  to  a  few  weeks  in  the 
spring.  In  order  to  extend  the  period  of  its  use,  various  methods  of 
preservation,  including  canning,  drying,  and  holding  in  storage  at  low 
temperatures,  have  been  employed.  In  order  that  these  methods  of 
preservation  may  be  most  effectively  applied,  it  is  necessary  to  have 
adequate  understanding  of  the  physical  and  chemical  characteristics 
of  the  developing  shoots  and  of  the  physiological  behavior  of  the  plant 
both  before  and  after  the  harvest  season.  Within  recent  years  a  con- 
siderable amount  of  work  directed  toward  this  end  has  been  carried 
out. 

REVIEW  OF  LITERATURE 

The  table  quality  and  market  value  of  asparagus  are  influenced  by 
a  large  number  of  factors,  which  include  cultural  practices,  fertilizer 
treatment,  the  nature  of  the  soil,  seasonal  conditions,  the  stage  of 
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development  at  harvesting,  and  the  methods  of  handling  and  storage 
employed  after  harvesting.  Cultural  practices,  methods  of  harvesting, 
and  marketing  have  been  rather  fully  discussed  by  Jones  and  Kobbins 
(7),1  Thompson  {18),  and  others  (14, 15,17).  Determinations  of  proxi- 
mate composition  and  food  value  made  by  various  authors  have  been 
compiled  by  Chatfield  and  Adams  (4).  These  writers  give  the  average 
composition  as  moisture  93.0  percent,  protein  2.2  percent,  fat  0.2  per- 
cent, ash  0.67  percent,  fiber  0.7  percent,  and  sugar  1.34  percent,  with 
a  calorific  value  of  26.2  calories  per  100  g  of  fresh  material.  Morse 
(8,  9,  10)  has  studied  the  composition  of  the  shoots  at  different  stages 
of  maturity,  the  effect  of  fertilizer  treatment  upon  composition,  and 
the  differences  in  composition  of  successive  cuttings  during  the  season. 
He  shows  that  sugars  increase  during  the  harvest  season  while  nitrogen 
and  lignin  decrease.  The  old  shoots  are  higher  in  dry  matter  and 
fiber  but  lower  in  protein  and  fat  than  the  young  shoots. 

Bisson,  Jones,  and  Robbins  (2)  have  studied  some  of  the  factors 
influencing  the  quality  of  the  fresh  material  after  it  is  harvested.  They 
found  that  as  the  shoots  increase  in  length  crude  fiber  increases  and 
sugars  decrease,  all  the  changes  occurring  more  rapidly  at  higher  tem- 
peratures. 

Many  other  writers  (3,  5,  16,  17)  have  reported  upon  one  phase  or 
another  of  the  production  or  utilization  of  asparagus,  but  it  seems 
unnecessary  to  review  this  literature,  most  of  which  has  been  cited 
by  Working  (17).  One  fact  apparent  from  the  analytical  data  reported 
by  the  various  workers  is  that  there  are  considerable  variations  in  the 
composition  of  asparagus,  attributable  in  part  to  differences  in  cultural 
treatment,  seasonal  conditions,  and  other  uncontrolled  factors,  but  also 
in  part  to  differences  in  the  age  of  the  young  shoots  at  the  time  of 
sampling  and  in  the  amounts  of  the  basal  portion  included  in  the 
samples.  No  extensive  study  of  the  differences  in  chemical  composi- 
tion along  the  length  of  the  shoot  seems  to  have  been  made. 

PURPOSE  OF  THE  WORK 

Since  it  is  the  young  growing  shoots  that  are  used  as  food,  and  since 
the  shoots  may  be  harvested  after  they  have  grown  for  varying 
periods  of  time,  it  seems  important  to  know  the  composition  of  the 
different  portions  of  the  length  of  the  shoot  at  various  stages  of  its 
growth.  In  preparing  the  material  for  table  use  or  for  canning,  the 
basal  portions  of  the  shoots  are  cut  away,  and  little  is  known  as  to  the 
composition  and  potential  food  value  of  this  material.  It  would  also 
be  advantageous  to  know  the  extent  of  the  changes  in  chemical  com- 
position and  in  quality  of  the  product  as  the  season  advances.  The 
main  purpose  of  this  work  was  to  secure  information  in  regard  to 
differences  in  composition  and  palatability  of  the  material  at  different 
points  along  the  growing  shoot.  A  secondary  purpose  was  to  study 
the  changes  that  occur  in  the  composition  and  table  quality  of  the 
young  shoots  as  the  harvesting  season  advances.  As  an  aid  to  the 
understanding  of  the  changes  occurring  in  the  growing  shoots,  studies 
were  also  made  of  the  changes  in  composition  of  the  roots  during  the 
cutting  season.  In  order  to  determine  the  relationships  of  composi- 
tion of  the  shoots  to  their  suitability  for  table  use  and  canning,  cook- 
ing and  canning  tests  were  made  upon  the  young  shoots  at  short  inter- 

i  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  23. 
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vals  throughout  the  cutting  season.  Shoots  of  varying  heights  were 
also  collected  and  divided  into  a  series  of  segments  from  base  to  tip, 
and  cooking  and  canning  tests  and  chemical  analyses  were  made  upon 
the  separate  segments. 

METHODS  OF  SAMPLING  AND  ANALYSIS 

The  material  employed  in  the  study  was  grown  at  the  Arlington 
Experiment  Farm  of  the  United  States  Department  of  Agriculture, 
at  Kosslyn,  Va.,  near  Washington,  D.C.,  during  the  season  of  1928. 
The  bed  from  which  the  samples  were  taken  had  been  planted  in  1919, 
so  that  it  was  8  years  old  at  the  time  the  work  was  done.  The  soil 
Js  a  deep  sandy  loam,  and  the  plants  were  vigorous  and  healthy. 

The  samples  for  the  chemical  analyses  were  uniformly  collected 
between  9  and  10  a.m.,  after  dew,  if  present,  had  been  evaporated. 
This  early  sampling  permitted  completion  during  the  day  of  the  work 
necessary  in  the  preservation  of  the  samples  for  analysis  and  in  making 
the  cooking  and  canning  tests  upon  other  portions  of  the  material. 

The  sampling  period  extended  from  April  20  to  June  14.  During 
this  time  six  sets  of  samples  of  young  shoots  were  taken.  For  each 
set,  20  to  30  shoots  were  selected  for  uniformity  of  size  and  height  in 
the  field.  Each  was  cut  at  a  point  slightly  more  than  1  inch  below  the 
surface  of  the  soil  and  3  to  4  inches  above  the  crown.  In  the  labora- 
tory the  bases  of  the  shoots  were  cut  off  squarely  at  a  point  1  inch 
below  the  surface  of  the  soil.  The  shoots  were  then  cut  into  seg- 
ments, depending  in  number  and  length  upon  the  length  of  the  lot  of 
shoots.  In  the  first  set  of  samples  the  shoots  were  4  inches  long  and 
were  divided  into  four  1-inch  segments;  the  second  set  was  of  shoots 
8  inches  long,  which  were  divided  into  eight  1-inch  segments;  the 
shoots  of  the  third  set  were  18  inches  long  and  were  divided  into  nine 
2-inch  segments;  those  of  the  fourth  set  were  36  inches  long  and  were 
divided  into  nine  4-inch  segments;  the  fifth  and  sixth  sets  were  of 
shoots  72  inches  in  height,  which  were  divided  into  nine  8-inch  seg- 
ments. At  intervals  of  about  10  days  throughout  the  cutting  season, 
samples  of  entire  young  shoots  4  inches  long  were  taken,  and  samples 
of  roots  were  taken  at  the  beginning,  middle,  and  end  of  the  season. 

In  preparing  the  samples  for  analysis,  the  lot  of  segments  or  of 
entire  shoots  was  finely  ground,  duplicate  100-g  samples  were  weighed 
out,  95-percent  alcohol  in  quantity  sufficient  to  give  a  final  concentra- 
tion of  75  to  80  percent  was  added,  the  material  was  heated  to  boiling, 
and  the  container  was  sealed  and  stored  until  the  analyses  were  begun. 

The  nitrogen  determinations  were  made  upon  separate  samples 
which  were  rapidly  dried  in  a  current  of  warm  air. 

The  extraction  of  the  material  preserved  in  alcohol  was  completed 
with  fresh  95-percent  alcohol  in  Soxhlet  extractors;  the  extracts  were 
combined  and  made  up  to  volume,  and  aliquot  portions  were  taken 
for  determination  of  soluble  solids,  sugars,  acidity,  total  astringency, 
and  amino  acid  content.  The  residue  after  extraction  was  weighed, 
and  duplicate  portions  were  taken  for  the  determination  of  acid-hydro- 
lyzable  polysaccharides. 

Sugars  were  determined  by  the  volumetric  permanganate  modifi- 
cation of  the  Munson- Walker  method  as  given  in  the  official  methods 
of  the  Association  of  Official  Agricultural  Chemists  (1). 
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Total  nitrogen  was  determined  by  the  Gunning-Arnold  method  as 
modified  to  include  nitrates. 

Acid-hydrolyzable  polysaccharides  were  determined  by  hydrolysis 
with  hydrochloric  acid  as  prescribed  in  the  official  methods. 

Total  astringency  was  determined  by  titration  with  N/20  potassium 
permanganate  agamst  indigo-carmine  as  indicator. 

Titratable  acidity  was  determined  by  titration  with  N/10  sodium 
hydroxide  against  phenolphthalein  as  mdicator. 

Nitrate  nitrogen  was  determined  by  the  ferrous-chloride  method 
for  meats  as  described  in  the  official  methods. 

Amino  acids  were  determined  in  the  alcoholic  extract  by  the  Van 
Slyke  method.  Since  losses  of  amino  acids  may  occur  in  material 
preserved  in  alcohol,  the  results  can  be  considered  as  comparative 
only. 

ANALYTICAL  RESULTS 

The  results  of  the  analyses  upon  the  series  of  samples  of  shoots  of 
various  lengths  after  division  into  segments  are  shown  in  table  1. 
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COMPOSITION   OF  THE   ASPARAGUS   SHOOT 


TOTAL  SOLIDS 

The  percentage  of  total  solids  present  in  the  young  shoots  varies 
continuously  in  amount  from  segment  to  segment  throughout  their 
entire  length.  In  figure  1  the  percentage  of  total  solids  per  segment  in 
shoots  of  various  lengths  has  been  plotted  against  the  height  of  the 
segment  from  the  base.  In  shoots  4  inches  long  the  total  solids  are 
highest  in  the  terminal  inch  and  decrease  progressively  toward  the 
base.  In  shoots  8  inches  long  total  solids  are  likewise  highest  in  the 
terminal  inch  and  decrease  progressively  to  a  point  4  inches  above  the 
base,  from  which  point  they  increase  progressively  toward  the  base, 
with  the  result  that  total  solids  are  lowest  in  the  middle  portion  of  the 
shoot.  In  the  18-inch  shoots  total  solids  are  lowest  at  a  point  10  inches 
above  the  base  and  increase  progressively  both  upward  and  downward. 
In  the  36-inch  shoots  total  solids  are  highest  in  the  basal  segments, 
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Figure  1.— Percentage  of  total  solids  in  segments  of  developing  asparagus  stalks  at  different  heights  above 
the  base:  A,  Stalks  4  inches  tall;  B,  stalks  8  inches  tall;  C,  stalks  18  inches  tall;  D,  stalks  36  incbes  tall; 
E  and  F,  stalks  72  inches  tall. 

decrease  progressively  for  24  inches,  then  rise  again  toward  the  tip, 
but  less  rapidly  and  to  a  lower  maximum  than  in  18-inch  shoots, 
possibly  because  of  the  greater  length  of  the  terminal  segments 
analyzed.  In  the  72-inch  shoots  the  total  solids  show  a  large  increase 
throughout  as  a  result  of  increases  in  insoluble  solids,  probably  largely 
in  cellulose  and  lignin,  due  to  development  and  thickening  of  the 
structural  elements.  There  is  still  a  tendency  for  total  solids  to  be 
lowest  at  a  point  intermediate  between  tip  and  base,  but  this  tendency 
is  much  less  marked  than  in  younger  shoots,  and  the  region  of  lowest 
solids  has  shifted  to  a  region  nearer  the  base.  The  total  solids  of  the 
tip  did  not  vary  greatly  in  shoots  of  different  lengths  up  to  36  inches, 
but  total  solids  of  the  basal  region  increased  rapidly  with  increasing 
height,  reaching  a  high  value  in  shoots  72  inches  high.  Consequently 
the  moisture  content,  which  is  merely  the  inverse  of  total  solids, 
varies  greatly  in  different  parts  even  of  the  edible  portion  of  the  grow- 
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ing  shoot.  These  variations  in  moisture  content  have  an  important 
influence  upon  the  quality  of  the  food  material  prepared  from  the 
stalks.    This  will  be  discussed  more  fully  in  a  later  section. 
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Figure  2.— Percentage  of  solids  soluble  in  alcohol  in  segments  of  developing  asparagus  stalks  at  different 
heights  above  the  base:  A,  Stalks  4  inches  tall;  B,  stalks  8  inches  tall;  C,  stalks  18  inches  tall;  D,  stalks  36 
inches  tall;  E  and  F,  stalks  72  inches  tall. 

The  alcohol-soluble  and  alcohol-insoluble  fractions  of  the  total 
solids  also  show  rather  striking  variations  in  amount  along  the  length 
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Figure  3.— Percentage  of  solids  insoluble  in  alcohol  in  segments  of  developing  asparagus  stalks  at  different 
heights  above  the  base:  A,  Stalks  4  inches  tall;  B,  stalks  8  inches  tall;  C,  stalks  18  inches  tall;  D,  stalks  36 
inches  tall;  E  and  F,  stalks  72  inches  tall. 


of  the  shoot,  as  is  shown  in  figures  2  and  3.  The  alcohol-soluble 
fraction  of  the  total  solids  is  highest  in  the  basal  segment  and  de- 
creases rather  regularly  toward  the  tip  in  shoots  up  to  and  including 
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36  inches  in  height.  In  shoots  72  inches  in  height  the  alcohol-soluble 
solids  are  fairly  constant  in  the  lower  half  of  the  shoot,  then  decrease 
somewhat,  rising  again  in  amount  toward  the  tip.  The  percentage  of 
insoluble  solids  is  highest  at  the  tip  and  falls  off  sharply  toward  the 
base  in  the  4-inch  and  8-inch  shoots,  whereas  in  the  18-inch  shoots 
insoluble  solids  decrease  from  the  tip  to  about  the  middle  of  the  shoot, 
then  increase  again  toward  the  base.  In  the  36-inch  shoots  the  per- 
centage of  insoluble  solids  is  highest  at  the  base  and  decreases  in 
successive  segments  to  a  minimum  at  24  inches,  then  rises  toward  the 
tip.  In  the  72-inch  shoots  the  insoluble  solids  are  practically  constant 
in  amount  from  the  base  to  the  midregion,  then  rise  considerably  to 
decline  again  in  the  terminal  segment.  In  the  longer  shoots  insoluble 
solids  make  up  the  greater  portion  of  the  total  solids  of  the  tips,  while 
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Figure  4.— Percentage  of  total  sugars  in  segments  of  developing  asparagus  stalks  at  different  heights  above 
the  base:  A,  Stalks  4  inches  tall;  B,  stalks  8  inches  tall;  C,  stalks  18  inches  tall;  D,  stalks  36  inches  tall; 
E  and  F,  stalks  72  inches  tall. 

soluble  solids  are  larger  in  amount  than  insoluble  solids  in  the  basal 
segments  of  the  4-inch  and  8-inch  shoots  and  smaller  in  amount  in  the 
bases  of  the  36-inch  and  72-inch  shoots. 


SUGARS 

The  percentage  of  total  sugars  in  all  cases  is  highest  in  the  basal 
segments  and  decreases  as  the  growing  tip  is  approached  (fig.  4). 
The  sugar  content  of  the  basal  segment  is  relatively  constant  regard- 
less of  the  height  of  the  shoot.  In  shoots  up  to  36  inches  in  height 
the  terminal  segments  are  almost  sugar-free.  With  practical  cessation 
of  increase  in  height,  as  in  the  72-inch  shoots,  sugars  become  much 
more  uniformly  distributed  throughout  the  length  of  the  shoot. 

Approximately  two-thirds  of  the  total  sugar  is  in  the  form  of  reduc- 
ing sugars.  Both  reducing  and  nonreducing  sugars  are  highest  in 
amount  in  the  basal  segments  and  decrease  rather  regularly  toward 
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the  tip  in  shoots  of  all  lengths.  The  concentration  gradient  of  sugars 
along  the  shoot  is  that  which  would  be  expected  if  the  sugars  were 
being  transported  from  the  roots  to  the  growing  tip.  It  may  be  noted 
that  sugars  make  up  more  than  50  percent  of  the  soluble  solids  in  the 
basal  segments  and  that  the  proportion  of  sugars  present  in  the  soluble 
solids  decreases  fairly  regularly  from  base  to  tip. 

ACID-HYDROLYZABLE  POLYSACCHARIDES 

The  percentage  of  acid-hydrolyzable  polysaccharides  is  relatively 
low  in  all  regions  of  the  shoot  at  all  stages  of  development.  In  shoots 
up  to  36  inches  in  height  the  percentage  is  highest  in  the  basal  seg- 
ments and  practically  constant  in  amount  in  the  upper  half  of  the 
shoot;  in  72-inch  shoots,  which  had  practically  ceased  to  elongate, 
there  is  a  large  increase  in  content  of  acid-hydrolyzable  polysac- 
charides at  all  levels  and  especially  in  the  upper  segments,  where  the 
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Figure  5.— Percentage  of  titratable  acidity  in  segments  of  developing  asparagus  stalks  at  different  heights 
above  the  base:  A,  Stalks  4  inches  tall;  B,  stalks  8  inches  tall;  C,  stalks  18  inches  tall;  D,  stalks  36  inches 
tall;  E  and  F,  stalks  72  inches  tall. 

amount  present  equals  or  exceeds  that  found  in  the  basal  segments. 
According  to  Tanret  (12),  starch  is  not  present  in  the  asparagus  plant, 
inulinlike  substances  occurring  instead. 


TITRATABLE  ACIDITY 

The  titratable  acidity  of  the  shoots  is  relatively  low  in  all  parts 
and  at  all  stages  of  development,  but  there  is  a  tendency  for  its 
amount  to  increase  with  increase  in  height  and  age.  In  the  4-inch  and 
8-inch  shoots  acidity  increases  fairly  regularly  from  base  to  tip; 
in  the  18-inch  and  36-inch  shoots  it  is  fairly  low  in  the  lower  half  and 
increases  progressively  toward  the  tip  in  the  upper  half;  in  the  72-inch 
stalks  acidity  is  higher  throughout,  with  a  tendency  to  increase  from 
the  base  toward  the  tip. 

In  figure  5  titratable  acidity  is  plotted  against  the  distance  of  the 
segment  above  the  base.  There  are  some  irregularities  in  the  curves, 
which  are  attributable,  at  least  partially,  to  the  difficulty  of  exactly 
determining  the  end  point  in  the  titration,  but  the  picture  presented 
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is  quite  clear.  So  long  as  growth  in  length  is  actively  continuing, 
the  tip  is  a  region  of  high  metabolic  activity  with  a  relatively  high 
content  of  titratable  acidity;  with  the  cessation  of  this  growth  in 
length  and  the  development  of  chlorophyll,  acidity  tends  to  become 
equalized  throughout  the  length  of  the  shoot. 


TOTAL  ASTRINGENCY 


The  astringent  substances,  collectively  designated  for  convenience 
as  tannins,  are  of  importance  in  the  present  connection  because  of  their 
influence  on  the  flavor  of  the  product  and  their  possible  relation  to  the 
bitterness  which  is  sometimes  complained  of  in  asparagus.  It  may 
be  seen  from  the  data  in  table  1  that  the  astringency  or  tannin  content 
of  asparagus  shoots,  as  compared  with  that  of  many  fruits  and  vege- 
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Figure  6.— Percentage  of  total  astringency  in  segments  of  developing  asparagus  stalks  at  different  heights 
above  the  base:  A,  Stalks  4  inches  tall;  B,  stalks  8  inches  tall;  C,  stalks  18  inches  tall;  D,  stalks  36  inches 
tall;  E  and  F,  stalks  72  inches  tall. 

tables,  is  medium  to  low  in  amount.  Figure  6  shows  in  detail  the  total 
astringency  content  of  the  various  regions  in  shoots  of  various  lengths. 
In  general,  the  basal  segments  have  the  lowest  total  astringency. 
In  young  shoots  the  total  astringency  rises  rapidly  as  the  tip  is 
approached;  in  older  shoots  total  astringency  remains  at  a  compara- 
tively low  level  from  the  base  throughout  most  of  the  length,  rising 
rather  rapidly  in  the  last  one-third  or  one-fourth  of  the  length  to  a 
maximum  at  the  tip.  The  astringency  of  the  shoots  36  inches  in 
length  is  somewhat  lower  than  that  of  either  younger  or  older  shoots  ; 
the  differences  are  not  great  and  may  be  due  to  chance  variation  in 
this  particular  set  of  samples.  The  shoots  of  maximum  length  are 
also  maximum  in  their  total  astringency.  Throughout  the  series  of 
samples  a  high  content  of  substances  that  reduce  potassium  per- 
manganate in  the  cold  is  present  in  the  apical  region  and  segments 
immediately  adjacent  thereto,  the  amounts  present  becoming  pro- 
gressively less  toward  the  basal  region  of  the  shoot- 
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TOTAL  NITROGEN 

The  percentage  of  total  nitrogen  in  all  cases  is  lowest  in  the  basal 
segments  and  does  not  differ  greatly  in  this  region  in  shoots  of  various 
heights,  and  the  terminal  segments  vary  but  little  in  stalks  up  to  18 
inches  in  height.  It  increases  rather  rapidly  with  increasing  height 
of  the  segment  above  the  base  and  especially  in  the  last  3  or  4  seg- 
ments. The  very  high  concentration  gradient  of  total  nitrogen  from 
base  to  tip  in  stalks  up  to  and  including  18  inches  in  height  is  especi- 
ally worthy  of  note  (fig.  7). 


NITRATE  NITROGEN 


Nitrates  are  absent  in  all  the  young  shoots,  but  are  present  in  small 
amounts  in  the  shoots  72  inches  in  length.  In  these  the  leafy  struc- 
tures were  developed,  and  it  appears  probable  that  protein  synthesis 
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Figure  7.— Percentage  of  total  nitrogen  in  segments  of  developing  asparagus  stalks  at  different  heights 
above  the  base:  A,  Stalks  4  inches  tall;  B,  stalks  8  inches  tall;  C,  stalks  18  inches  tall;  D,  stalks  36  inches 
tall;  E  and  F,  stalks  72  inches  tall. 

was  occurring  in  the  aerial  parts,  which  would  necessitate  an  upward 
transfer  of  nitrates.  Nightingale  and  Schermerhorn  (11)  found 
nitrates  present  in  young  shoots  grown  at  low  temperatures.  It 
appears  unlikely  that  low  temperatures  can  have  been  responsible 
for  the  occurrence  of  nitrates  in  the  72-inch  shoots,  as  the  samples 
were  taken  in  June. 

AMINO  NITROGEN 

As  already  pointed  out,  the  preservation  of  the  material  in  alcohol 
may  have  permitted  changes  in  amino-nitrogen  content  so  that  the 
figures  have  only  comparative  value.  They  appear  to  show  that 
amino  nitrogen  is  fairly  equally  distributed  throughout  the  length 
of  the  youngest  shoots,  with  a  tendency  to  become  higher  in  amount 
in  the  upper  regions  of  older,  full-grown  shoots.  The  figures  indicate 
a  tendency  to  a  slow  increase  in  amino-nitrogen  content  with  increase 
in  height,  which  becomes  more  pronounced  in  the  full-grown  72-inch 
shoots. 
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CONCENTRATION  GRADIENTS  IN  GROWING  SHOOTS 

Briefly  summarizing  the  foregoing  discussion,  the  concentration 
gradients  found  in  the  rapidly  elongating  shoots  are  those  that  would 
be  expected  in  any  plant  organ  developed  at  the  expense  of  food  ma- 
terial supplied  to  it  at  its  base,  transported  throughout  its  length,  and 
elaborated  in  an  apical  meristematic  region.  Alcohol-soluble  solids 
and  total  sugars  in  the  growing  shoot  are  always  maximum  in  the 
basal  segment  and  show  a  progressive  and  rather  rapid  decrease 
toward  the  tip.  Total  solids  and  alcohol-insoluble  solids  are  maximum 
in  the  terminal  segment  and  decrease  rather  regularly  toward  the  base 
in  the  growing  portion  of  the  shoot.  Total  nitrogen  shows  a  rather 
rapidly  rising  concentration  gradient  from  base  to  tip  in  the  growing 
shoots.  Titratable  acidity  and  total  astringency  are  maximum  in 
the  terminal  segments  at  all  stages.  With  the  completion  of  growth 
in  height  and  the  establishment  of  photosynthetic  activity  in  the  old 
shoots,  alcohol-soluble  solids  and  total  sugars  increase  in  the  upper 
portions  of  the  shoot  but  without  destroying  the  original  gradient, 
whereas  total  solids  increase  greatly  in  all  parts  of  the  shoot  but  most 
markedly  in  the  upper  half. 

CHANGES  IN  COMPOSITION  OF  YOUNG  SHOOTS  WITH  ADVANCE  OF  CUTTING  SEASON 

For  use  in  the  study  of  changes  in  the  composition  of  the  young 
shoots  with  advance  of  the  cutting  season,  a  series  of  six  samples, 
each  of  which  with  the  exception  of  the  first  was  made  up  of  shoots  4 
inches  in  length  cut  at  a  point  1  inch  below  the  surface  of  the  soil,  were 
taken  at  intervals  between  April  20  and  June  14.  The  shoots  of  the 
first  sample  were  cut  1  inch  below  the  surface  of  the  soil  but  wrere  only 
2  to  3  inches  in  length  and  therefore  not  comparable  with  the  others. 
In  all  cases  the  analytical  sample  consisted  of  duplicate  100-g  portions 
of  pulp  obtained  by  grinding  20  to  30  shoots  and  thoroughly  mixing 
the  ground  material  before  weighing  out  the  samples.  The  results 
of  the  analyses  are  presented  in  table  2. 


Table  2. — Changes  in 

composition  of  shoots  and  roots  of 
season  advances 

asparagus  as  the  cutting 

Part  of  plant  and  date  of 
sampling 

Length 

Soluble 
solids 

Insolu- 
ble solids 

Total 
solids 

Reduc- 
ing 
sugars 

Nonre- 
ducing 
sugars 

Total 
sugars 

Shoot: 

Apr.  20 

Inches 
3 
4 
4 
4 
4 
4 

Percent 
5.68 
5.60 
5.65 
5.00 
4.50 
4.62 

12.80 
12.90 
11.02 

Percent 
6.87 
4.22 
4.18 
3.96 
4.31 
4.16 

11.97 
9.35 
9.75 

Percent 
12.55 
9.82 
9.83 
8.96 
8.81 
8.78 

24.77 
22.25 
20.77 

Percent 
1.74 
2.67 
2.46 
2.29 
1.73 
1.34 

.05 
.05 
.08 

Percent 
1.07 
1.31 
1.37 
.69 
.45 
.78 

10.99 
9.22 
7.92 

Percent 
2.81 

Apr.  27 

3.98 

May  11 

3.83 

May  21 

2.98 

2.18 

June  14...           .    ',. 

2.12 

Roots: 

Apr.  20 

11.04 

May  21 

9.27 

8.00 
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Table  2. — Changes  in  composition  of  shoots  and  roots  of  asparagus  as  the  cutting; 
season  advances — Continued 


Part  of  plant  and  date  of 
sampling 


Shoot: 

Apr.  20. 

Apr.  27. 

May  11- 

May  21. 

June  1_. 

June  14. 
Roots: 

Apr.  20. 

May  21. 

June  14. 


Length 


Inches 


Acid-hy- 
drolyz- 

able  poly- 
saccha- 
rides 


Percent 
1.14 


2.56 
2.09 
2.00 


Titrat- 
able  acid- 
ity cal- 
culated 
as  citric 


Percent 
0.250 
.259 
.279 
.255 
.261 
.280 

.454 
.358 


Total 
astrin- 
gency 


Percent 
0.098 
092 
098 
Q81 
113 


Nitrate 
nitrogen 


Percent 
0.0Q 
.00 
.00 
.00 
.00 
.00 

.0021 
.0025 
.0006 


Ammo 

nitrogen 


Percent 
0.028 
.021 
.034 
.028 
.018 
.021 

.102 


Total 
nitrogen 


Percent 
0.92' 
.70 
.59* 
.61 
.56 
.53. 

.36- 
.32 


Examination  of  the  data  shows  that  although  the  differences  be- 
tween successive  samples  are  small,  the  differences  shown  by  certain 
constituents  move  very  consistently  in  one  direction.  Total  solids,, 
including  both  the  soluble  and  the  insoluble  fractions,  total  sugars, 
and  total  nitrogen  show  a  slight  but  significant  tendency  to  decrease- 
from  April  27  onward,  with  the  result  that  the  final  sample,  taken  on 
June  14,  is  very  definitely  lower  in  amounts  of  all  these  constituents 
than  the  comparable  sample  taken  on  April  27.  These  results  are  not 
in  agreement  with  those  of  Morse  (1 0) ,  who  found  that  sugar  increased 
while  total  solids  remained  practically  constant  throughout  the 
sampling  period  (May  17  to  June  14).  The  material  employed  by 
Morse  consisted  of  shoots  10  inches  in  height,  "cut  as  close  to  the* 
crown  as  possible",  and  the  analytical  samples  were  preserved  by 
breaking  into  short  pieces  and  drying  in  .an  oven  at  55°  to  60°  C. 
The  samples  consequently  contained  a  much  larger  proportion  of  the- 
basal  portions  of  the  shoots  than  was  present  in  the  material  used 
in  the  present  study.  When  it  is  recalled  that  sugar  is  always  maxi- 
mum and  total  nitrogen  minimum  in  amount  at  the  base  of  the  shoot, 
it  becomes  apparent  that  the  relative  amount  of  the  basal  portion 
included  in  the  sample  will  have  a  marked  effect  upon  its  composition. 
It  is  suggested  that  the  differences  in  methods  of  taking  and  preserving 
samples,  together  with  the  very  considerable  differences  in  length  of 
day,  mean  temperature  and  rainfall  between  Amherst,  Mass.,  and 
Washington,  D.C.,  at  the  season  during  which  the  samples  were  taken 
are  responsible  for  the  differences  between  the  results,  here  reported 
and  those  of  Morse. 


CHANGES  IN  COMPOSITION  OF  ROOTS  DURING  CUTTING  SEASON 

Only  three  sets  of  samples  were  taken  for  studies  of  changes  in  com- 
position of  the  roots  during  the  cutting  season,  the  first  on  April  20, 
the  second  on  May  21,  and  the  third  on  June  14.  The  analytical 
results  (table  2)  show  a  considerable  decrease  in  total  sugars,  with  less- 
marked  decreases  in  acid-hydrolyzable  polysaccharides  and  in  total 
solids,  including  both  soluble  and  insoluble  fractions,  and  progressive 
decreases  in  total  nitrogen  and  in  titratable  acidity.  By  reason  of  the- 
small  number  of  samples  and  the  consequent  possibility  of  chance 
variation,  the  results  cannot  be  considered  very  conclusive,  but  they 
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are  consistent  with  themselves,  and  the  nature  and  direction  of  the 
changes  are  in  essential  agreement  with  those  reported  by  Morse 

(8,  9). 

TESTS  UPON  CANNING  QUALITY  AND  PALATABILITY 

The  canning  tests  had  two  general  objectives,  one  the  determination 
of  the  relation  of  age  and  height  of  shoot  to  canning  quality,  the  other 
to  ascertain  the  effect  of  advance  of  the  cutting  season  upon  canning 
quality  of  shoots  at  a  like  degree  of  development. 

For  the  studies  upon  the  relation  of  quality  to  height  of  shoot,  a 
series  of  samples  of  shoots  4,  8,  18,  and  36  inches  in  height  were 
collected,  divided  into  segments  corresponding  in  length  to  those  into 
which  the  corresponding  samples  for  chemical  analysis  had  been 
divided,  and  the  various  lots  of  material  thus  obtained  were  used  in 
the  canning  tests.  The  shoots  were  uniformly  cut  at  a  distance  of 
1  inch  below  the  soil,  and  were  so  selected  as  to  be  directly  comparable 
with  those  employed  in  the  analyses.  In  addition  to  the  canning 
tests,  numerous  cooking  tests  were  made  directly  upon  the  fresh 
material  as  taken  from  the  field.  These  tests  served  as  checks  upon 
the  results  of  the  canning  tests  and  afforded  aid  in  determining  the 
relative  palatability  of  the  various  lots  of  material. 

In  shoots  4  inches  in  height,  which  were  divided  into  1-inch  segments 
for  canning  separately,  the  basal  segments  were  nearly  white  and  the 
tip  segments  slightly  green.  In  the  8-inch  shoots,  which  were  also 
divided  into  1-inch  segments,  the  tip  segment  and  the  two  next 
below  it  were  moderately  green,  the  basal  segment  nearly  white,  and 
the  intermediate  segments  faintly  green.  The  18-inch  shoots  were 
cut  into  2-inch  segments;  the  development  of  chlorophyll  was  some- 
what more  pronounced  than  in  the  8-inch  shoots.  The  36-inch  shoots 
were  cut  into  4-inch  segments;  the  upper  portions  of  these  shoots  were 
very  bright  green,  and  short  side  branches  were  beginning  to  develop 
in  some  of  them.  The  shoots  ranged  between  five-eighths  and  seven- 
eighths  of  an  inch  in  diameter  at  the  base/  decreasing  in  diameter 
toward  the  tip.  The  diameter  of  the  shoot  continues  to  increase  for 
some  time  after  it  appears  aboveground,  so  that  shoots  4  inches  in 
height  were  somewhat  smaller  at  the  base  than  those  of  greater  height. 

Before  any  treatment  was  given  the  material  a  number  of  repre- 
sentatives from  each  lot  were  tested  for  resistance  to  pressure  by  means 
of  the  pressure  tester  described  by  Culpepper  and  Magoon  (6) 
•equipped  with  a  blunt  plunger  0.027  inch  in  diameter. 

No.  2  tin  cans  were  rilled  with  the  segments,  which  were  then 
covered  with  2-percent  brine.  The  cans  were  exhausted  in  flowing 
steam  for  2  minutes,  sealed,  and  processed  at  10  pounds  steam  pressure 
for  30  minutes.  At  the  end  of  the  processing  period  they  were  cooled 
in  running  water  and  stored  for  a  short  time  before  being  opened  for 
examination. 

For  the  study  of  the  changes  in  cooking  and  canning  quality  of  the 
young  shoots  in  the  course  of  the  cutting  season,  lots  of  young  shoots 
4  inches  long,  cut  1  inch  below  the  surface  of  the  soil,  were  collected 
on  April  27,  May  21,  June  1,  and  June  14.  The  shoots  were  canned 
•entire,  and  the  canning  procedure  and  processing  time  were  the  same 
as  just  described.  In  addition,  less  complete  series  of  tests  upon 
stalks  of  greater  length  than  4  inches  were  made  from  time  to  time 
throughout  the  season. 


16       TECHNICAL  BULLETIN    462,  U.  S.  DEPT.  OF  AGRICULTURE 

At  the  end  of  the  storage  period,  which  was  slightly  more  than  a 
month  in  length,  the  cans  were  opened,  the  color  and  odor  of  the 
contents  compared,  and  determinations  of  resistance  to  pressure  made. 
In  order  that  these  pressure  tests  might  be  directly  comparable  with 
those  made  upon  the  material  prior  to  processing,  it  was  necessary  to 
devise  a  specially  sensitive  modification  of  the  pressure  tester  used, 
so  that  fairly  accurate  readings  might  be  obtained.  After  the 
pressure  tests  had  been  made  the  various  lots  of  material  were  judged 
as  to  general  appearance,  texture,  and  flavor.  The  group  of  persons 
taking  part  in  judging  the  material  consisted  for  the  most  part  of  the 
writers  and  members  of  the  immediate  laboratory.  While  individual 
members  of  the  group  differed  greatly  in  their  preferences  as  to  taste, 
there  was  complete  agreement  in  regard  to  practically  all  the  state- 
ments herein  made. 
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Figure  8.— Resistance  to  pressure  of  segments  of  asparagus  stalks  at  different  heights  above  the  base,  before 
and  after  canning.  A,  Stalks  4  inches  tall,  before  canning;  A',  after  canning.  B,  Stalks  8  inches  tall, 
before  canning;  B',  after  canning.  C,  Stalks  18  inches  tall,  before  canning;  C",  after  canning.  D,  Stalks 
36  inches  tall,  before  canning;  D',  after  canning. 

QUALITY  IN  RELATION  TO  AGE  AND  HEIGHT  OF  SHOOT 

The  results  of  the  examination  of  the  canning  experiment  upon 
shoots  of  various  heights  subdivided  into  segments  which  were 
separately  canned  are  summarized  in  table  3. 


RESISTANCE    TO    PRESSURE 

One  of  the  most  striking  features  of  these  tests  was  the  very  great 
reduction  in  resistance  to  pressure  resulting  from  processing,  shown 
by  the  figures  of  the  last  two  columns  of  table  3  and  represented 
graphically  in  figure  8.  This  decrease  in  resistance  is  apparently  due 
to  loss  of  turgor  of  the  cells,  to  changes  in  the  middle  lamellae,  and 
possibly    to   changes   in   the   polysaccharides   of   the   tissues.     The 
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coagulation  of  proteins  and  other  heat-coagulable  constituents  would 
tend  to  increase  the  firmness  of  the  material. 

As  has  been  briefly  pointed  out  in  an  earlier  section,  the  resistance  to 
pressure  in  the  fresh  shoot,  regardless  of  its  length,  is  maximum  in  the 
basal  segment  and  decreases  continuously  toward  the  tip.  This 
continues  to  hold  true  after  the  material  has  been  canned ;  resistance 
to  pressure  is  highest  in  the  basal  segment,  decreases  rapidly  in  the 
segments  just  above  the  base,  then  more  slowly  as  the  tip  is  ap- 
proached. The  region  of  the  shoot  most  prone  to  collapse  and  dis- 
integration after  canning  was  not  the  tip,  but  a  region  corresponding 
very  closely  in  shoots  of  various  lengths  to  that  shown  by  the  chemical 
analyses  to  be  the  region  of  maximum  moisture  content,  hence  lying 
slightly  above  the  middle  of  the  shoot.  While  the  terminal  segments 
were  very  tender,  they  did  not  collapse  or  disintegrate.  A  similar 
behavior  was  exhibited  when  the  fresh  material  was  heated  as  in 
cooking.  In  this  connection  the  small  size  of  the  cells  of  the  tip, 
their  high  content  of  proteins  and  heat-coagulable  constituents  such 
as  albumins,  and  their  high  content  of  insoluble  solids  are  probably 
significant. 
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The  basal  portions  of  the  taller  shoots  are  extremely  resistant  to 
pressure  in  the  fresh  condition,  and  the  resistance  remains  high  after 
processing,  obviously  as  a  result  of  the  presence  of  woody  fibers,  the 
pericyclic  fibers,  in  a  ring  near  the  outer  surface.  The  central  por- 
tions of  the  stalks  of  medium  height  are  relatively  much  less  fibrous 
and  consequently  may  be  used  in  cooking  or  for  canning  when  cor- 
responding segments  of  the  entire  stalk  are  much  too  fibrous  for  use. 

COLOR 

In  the  fresh  material  1  or  2  inches  of  the  basal  portions  was  in  all 
cases  very  nearly  colorless.  As  a  result  of  the  development  of 
chlorophyll  the  shoots  become  progressively  more  green  above  the 
surface  of  the  soil  so  that  the  tip  or  upper  portion  of  the  taller  shoots 
is  quite  green.  The  color  is  greatly  altered  during  processing,  the 
chlorophyll  becoming  more  or  less  decomposed,  with  the  result  that 
the  bright  green  of  the  fresh  material  is  changed  to  greenish  brown. 
The  same  change  occurs  in  cooking,  although  it  is  usually  less  pro- 
nounced. The  tips  also  become  darker  after  being  cooked  and  then 
allowed  to  stand  in  the  air,  probably  as  a  result  of  oxidation  of  tannins 
and  related  substances.  The  color  of  the  portion  of  the  shoot  located 
at  or  below  the  surface  of  the  soil  changes  very  little  during  the  heat- 
ing usually  given  in  canning  and  cooking,  and  the  darkening  occurring 
on  exposure  to  the  air  is  less  pronounced  than  in  the  tips.  It  was 
evident  that  the  color  of  the  shoots,  both  before  and  after  canning  or 
cooking,  varies  continuously  from  base  to  tip  at  all  stages  of 
development. 

FLAVOR   AND    PALATABILITY 

The  canned  material  and  the  freshly  cooked  product  of  the  different 
lots  of  shoots  were  carefully  compared  with  respect  to  the  flavor  and 
palatability  of  the  individual  segments.  The  different  lots  had  a 
pronounced  characteristic  flavor  which  was  common  to  all,  but  on 
the  other  hand  there  was  something  distinct  and  different  in  each  lot 
and  in  each  segment  along  the  shoot.  In  the  4-inch  shoots  the  basal 
segments  were  strongly  flavored,  slightly  bitter,  somewhat  sweeter, 
and  a  little  more  acid  than  the  tips.  The  tips  were  mild  with  a  rich 
nutlike  or  meatlike  flavor;  the  intermediate  segments  were  inter- 
mediate in  their  effect  upon  the  palate.  The  differences  in  apparent 
sweetness  agreed  with  the  differences  in  sugar  content  shown  by  the 
chemical  analyses;  the  apparent  acidity  did  not  agree  with  the  titrat- 
able  acidity  results,  but  ran  more  closely  with  the  results  of  hydrion 
concentration  determinations.  A  typical  series  of  determinations 
made  May  4,  1928,  using  the  hydrogen  electrode,  gave  the  following 
pH  values  for  the  separate  1-inch  segments  of  4-inch  shoots:  Terminal 
inch,  6.76;  second  inch,  6.54;  third  inch,  6.32;  basal  inch,  6.37.  The 
differences  in  acidity  and  sweetness  to  taste  appeared  to  be  of  very 
minor  importance. 

In  the  8-inch  shoots  the  differences  between  extremities  were  very- 
much  as  in  the  4-inch  shoots.  Two  or  three  of  the  basal  segments  of 
the  8-inch  shoot  were  a  little  more  strongly  flavored  than  the  others, 
and  the  tip  was  richer  and  distinctly  more  pleasing  in  flavor  than 
portions  nearer  the  base.  It  was  apparent  that  the  flavor  and 
palatability  of  the  shoot  varies  continuously  along  its  entire  length, 
both  as  to  character  and  intensity.     The  flavor  and  palatability  of 
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the  terminal  2  or  3  inches  seemed  to  be  of  relatively  constant  quality 
in  shoots  of  differing  height,  but  in  the  case  of  the  taller  shoots  the 
tips  in  some  instances  had  a  slightly  denser  consistency  and  a  some- 
what different  and  less  pleasing  flavor.  The  diameter  of  the  tip 
segments  was  much  smaller  and  the  color  was  rather  dark  green  in  the 
case  of  the  taller  shoots,  which  detracted  from  the  appearance  and 
attractiveness  of  the  product.  The  flavor  of  the  basal  portions  of 
shoots  of  various  heights  differed  considerably  more  than  did  the  tips 
of  the  same  shoots,  but  the  difference  was  one  of  intensity  rather  than 
of  character  and  quality  of  flavor.  These  differences  were  noted  in 
both  the  canned  and  the  freshly  cooked  product. 

Some  attention  was  given  to  the  question  as  to  how  much  of  the 
shoots  of  various  heights  is  suitable  for  use  as  food.  It  is  obvious 
from  the  foregoing  discussion  that  the  terminal  or  tip  portion  is  the 
most  desirable  portion  of  the  stalk.  The  basal  portion  near  the  crown 
of  the  plant  is  hard  and  fibrous,  as  a  consequence  of  the  development 
of  the  pericyclic  fibers,  a  ring  of  fibers  just  beneath  the  cortex.  The 
central  portion  of  the  stalk  for  3  or  4  inches  above  the  soil  surface  is 
relatively  free  from  fibers  until  the  stalks  have  grown  to  a  considerable 
height,  and  hence  can  be  made  suitable  for  use  by  peeling  or  stripping. 
In  shoots  that  were  just  emerging  from  the  soil,  about  5  inches  in 
total  height,  the  portion  too  hard  for  use  as  food  was  about  2Y2  inches 
in  length.  The  proportion  of  edible  material  to  hard  fibrous  portion 
varies  very  considerably  during  the  development  of  the  shoot.  It 
was  found  in  the  canning  experiments  and  cooking  tests  upon  fresh 
material  that  shoots  4  inches  in  length,  cut  1  inch  below  the  soil  sur- 
face, made  an  agreeable  food  product  throughout  their  entire  length, 
although  fibers  were  beginning  to  develop  in  the  outer  ring  for  a 
distance  of  one-half  to  1  inch  at  the  base.  In  stalks  8  inches  long  1 
to  2  inches  of  the  basal  portion  was  distinctly  too  tough  and  fibrous 
to  be  highly  palatable,  and  in  an  additional  1  or  2  inches  of  length 
the  fibers  were  noticeable  but  not  sufficiently  abundant  to  make  the 
material  unsuitable  for  use.  Four  and  one-half  to  5  inches  of  the 
upper  part  of  the  8-inch  shoots  was  of  the  highest  table  quality.  The 
•central  portion  was  palatable  throughout  its  entire  length  after  the 
fibers  were  stripped  off.  In  shoots  18  inches  in  height  6  to  8  inches 
of  the  basal  portion  was  sufficiently  hard  to  be  distinctly  objectionable, 
and  fibers  were  noticeable  in  an  additional  inch  or  two,  leaving 
approximately  8  inches  of  the  tip  portion  that  was  of  highest  table 
quality.  When  stripped,  the  central  portion,  even  at  the  base,  was 
still  quite  palatable.  In  shoots  36  inches  in  height  the  basal  segments 
were  hard  and  woody,  the  fibrous  character  decreasing  with  height 
so  that  some  8  or  10  inches  of  the  tip  was  satisfactory  for  table  use 
insofar  as  palatability  and  flavor  were  concerned.  The  canned 
product  was  much  less  attractive  by  reason  of  the  smaller  size  of  the 
shoots,  the  presence  of  occasional  short  side  branches,  and  the  develop- 
ment of  deep  green  color.  The  foregoing  discussion  applies  to  ma- 
terial taken  near  the  middle  of  the  cutting  season. 

It  also  appears  from  these  studies  that  there  is  a  larger  amount  of 
edible  material  present  per  stalk  when  the  stalks  are  18  inches  tall 
than  at  any  other  height  here  examined.  There  are  very  decided 
differences  between  individual  stalks,  and  the  results  vary  consider- 
ably at  different  times  during  the  cutting  season,  but  this  was  the 
oase  for  the  stalk  during  the  middle  of  this  particular  cutting  season. 
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QUALITY  IN  RELATION  TO  TIME  OF  CUTTING 

As  previously  stated,  the  material  employed  in  the  study  of  quality 
of  product  in  relation  to  time  of  cutting  consisted  of  four  cuttings, 
each  made  up  of  shoots  4  inches  in  length  and  cut  1  inch  below  the 
soil  surface,  taken  on  April  27,  May  21,  June  1,  and  June  14,  which 
were  canned  without  subdivision. 

The  differences  in  quality  between  the  four  lots  were  very  slight; 
all  the  material  was  of  good  table  quality,  and  it  appears  evident  that 
the  quality  of  shoots  at  this  early  stage  of  development  is  very  similar 
throughout  the  entire  cutting  season.  This  may  have  been  due  in 
part  to  the  fact  that  the  shoots  used  were  rather  carefully  selected 
for  uniformity  of  size,  which  became  somewhat  more  difficult  as  the 
season  advanced. 

A  complete  series  of  cooking  and  canning  tests  upon  shoots  more 
than  4  inches  in  height  taken  at  intervals  throughout  the  season  was 
not  made,  but  a  sufficient  number  of  such  tests  were  made  to  make  it 
evident  that  differences  between  the  early-season  shoots  and  the 
later  ones  appear  as  the  shoots  become  taller.  In  stalks  of  equal 
height,  the  basal  portion  is  more  fibrous  in  stalks  developing  late  in 
the  season.  Branching  and  flowering  begin  when  the  shoots  are 
much  shorter  late  in  the  season.  As  a  result,  shoots  of  equal  height 
have  a  much  smaller  proportion  of  edible  material  per  shoot  late  in 
the  season  than  near  the  beginning.  There  are  very  considerable 
variations  in  individual  stalks,  but  these  statements  fairly  represent 
the  average  results. 

In  commercial  canning  operations  much  grading  and  trimming  is 
necessary  in  order  to  secure  a  product  of  uniform  appearance  and 
high  quality.  According  to  Cruess  (5),  the  loss  in  weight  through 
grading  and  trimming  may  amount  to  50  percent  of  the  gross  weight 
as  cut.  Some  canneries  utilize  a  portion  of  this  material  by  shred- 
ding and  canning  as  soup  stock,  but  the  major  portion  is  discarded. 
It  is  obvious  from  the  chemical  analyses  here  reported  that  the  basal 
portions  contain  considerable  amounts  of  food  material.  It  has  been 
made  evident  from  the  cooking  and  canning  tests  that  the  basal 
portions  even  of  older  stalks  are  palatable  and  very  acceptable  in 
texture  after  the  cortex  and  pericyclic  fibers  have  been  removed. 

It  should  be  understood  that  the  results  here  reported  were  ob- 
tained for  the  most  part  from  a  single  season's  work  with  material 
grown  in  only  one  locality  and  under  only  one  set  of  weather  condi- 
tions. It  is  undoubtedly  true  that  repetition  of  the  work  under 
different  environmental  conditions  would  lead  to  somewhat  different 
results.  It  is  very  probable  that  many  factors,  such  as  cultural 
methods,  fertility  of  the  soil,  and  character  and  amount  of  fertilizer 
applied,  influence  the  development  of  asparagus  and  modify  its  com- 
position in  some  degree.  Much  further  work  will  be  necessary  before 
anything  approaching  a  complete  understanding  of  the  effects  of 
these  factors  can  be  reached. 

SUMMARY  AND  CONCLUSIONS 

A  study  has  been  made  of  the  composition  and  the  canning  and 
cooking  qualities  of  the  different  regions,  from  base  to  tip,  of  develop- 
ing asparagus  shoots  of  various  ages  and  heights,  by  a  method  which 
consisted  in  subdividing  the  shoots  into  a  number  of  short  segments 
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which  were  separately  subjected  to  chemical  analyses  and  to  pressure, 
cooking,  and  canning  tests. 

Moisture  content  varies  continuously,  from  base  to  tip,  in  shoots 
at  all  stages  of  development.  There  is  a  region  of  maximum  mois- 
ture content  at  the  base  in  the  very  young  shoot,  which  shifts  up- 
ward with  increase  in  height  of  the  shoot.  In  shoots  4  inches  in 
length,  cut  1  inch  below  the  soil  surface,  moisture  content  is  highest 
in  the  basal  inch;  in  shoots  8  inches  high,  it  is  highest  4  inches  above 
the  base;  in  18-inch  shoots,  10  inches  above  the  base;  and  in  36-inch 
shoots,  24  inches  above  the  base.  The  moisture  content  of  the  grow- 
ing tip  did  not  vary  greatly  in  shoots  of  different  heights  up  to  36 
inches.  The  moisture  content  of  the  basal  region  rapidly  decreases 
with  increasing  height,  reaching  a  comparatively  low  level  in  shoots 
72  inches  in  height. 

Sugar  content  was  highest  in  the  basal  segment  and  decreased 
toward  the  tip  in  stalks  at  all  stages  of  growth. 

Total  nitrogen  was  highest  in  amount  in  the  tip  and  decreased 
progressively  in  amount  toward  the  base  in  shoots  at  all  stages  of 
development.  The  total  nitrogen  of  the  terminal  segment  did  not 
vary  greatly  in  shoots  up  to  18  inches  in  height,  and  it  varied  very 
little  in  any  of  the  basal  segments. 

The  titratable  acidity  and  total  astringency  showed  a  tendency  to 
increase  toward  the  tip.  The  values  were  rather  low  in  both  cases 
for  stalks  of  all  heights. 

The  resistance  of  the  stalk  to  pressure,  as  measured  by  the  pressure 
tester  used,  was  in  all  cases  greatest  at  the  base  and  decreased  toward 
the  tip  in  all  stalks,  at  least  in  those  up  to  36  inches  high.  The  resist- 
ance to  pressure  at  the  tip  did  not  vary  greatly  in  stalks  of  differing 
height.  The  basal  portion  increased  tremendously  in  its  resistance 
to  pressure  as  the  stalks  grew  taller,  as  a  result  of  the  development  of 
a  ring  of  fibers  just  beneath  the  cortex. 

Pressure  tests  before  and  after  canning  showed  that  there  was  an 
enormous  softening  of  the  tissues  of  the  shoot  during  the  heating 
process.  The  difference  in  the  values  of  the  pressure  tests  before 
and  after  canning  did  not  vary  greatly  either  with  height  of  the 
segment  above  the  base  or  with  stalks  of  differing  height. 

It  was  considered  that  the  quality  of  the  canned  product  was 
richer  and  more  pleasing  at  the  tip  than  at  any  point  below  this, 
even  at  the  point  where  the  moisture  was  highest.  The  flavor  and 
richness  did  not  vary  greatly  at  the  tip  in  stalks  of  differing  height, 
but  there  was  considerable  variation  at  the  base.  The  taller  stalks 
were  judged  to  be  less  pleasing  to  the  taste.  These  results  agreed 
essentially  with  those  obtained  by  cooking  the  fresh  material.  The 
appearance  and  physical  character  varied  greatly  at  the  tip  as  well 
as  at  the  base.  The  diameter  near  the  tips  became  much  less  as  the 
stalk  grew  taller,  and  the  appearance  was  less  attractive,  owing  to 
development  of  green  color  and  to  darkening  after  heating,  as  in 
canning  and  cooking.  As  the  stalks  grew  taller  the  basal  segments 
became  hard  and  woody  because  of  the  continued  development  of  the 
fibrous  structure  of  the  stalk. 

Of  stalks  4,  8,  18,  and  36  inches  tall,  the  amount  of  material  per 
stalk  which  would  make  an  acceptable  food  product  seemed  to  be 
greatest  in  the  stalks  18  inches  tall.  To  determine  the  height  more 
exactly  tests  on  stalks  of  intermediate  height  should  be  made. 
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The  quality  of  the  canned  and  freshly  cooked  product  of  shoots  4 
inches  tall  did  not  vary  greatly  as  the  cutting  season  advanced. 
However,  this  did  not  hold  for  shoots  of  greater  height,  owing  to 
the  tendency  to  become  fibrous  at  the  base  and  the  tendency  to 
branch  and  flower  at  a  lower  height  late  in  the  season.  This  made 
the  taller  stalks  much  less  desirable  late  in  the  season  than  stalks 
of  equal  height  harvested  early  in  the  season. 
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INTRODUCTION 

Supplementary  to  the  field  work  being  done  at  the  erosion  experi- 
ment stations  of  the  Department  of  Agriculture,  an  intensive  study 
of  the  physical  and  chemical  properties  of  the  soil  profiles  has  been 
carried  on  in  the  laboratory  of  soil  chemistry  and  physics.  The  pre- 
vious studies  (10,  ll)2  have  included  the  mechanical  and  chemical 
analyses  of  the  whole  soil  and  chemical  analyses  of  the  colloids 
derived  from  each  horizon.  These  publications  also  include  studies 
of  a  very  considerable  number  of  other  properties  of  these  same 
soils  and  their  colloids.  Since  these  soils  include  two  or  more  repre- 
sentatives of  four  of  the  great  soil  groups,  their  study  is  of  consider- 
able interest  as  an  aid  in  the  development  of  a  systematization  of 
soil  properties  in  relation  to  field  characteristics.  This  bulletin  is 
the  result  of  a  study  of  the  action  of  twentieth-normal  hydrochloric 
acid  on  the  colloids  extracted  from  these  soils. 

The  importance  of  base  absorption  as  a  property  of  soils  was 
recognized  by  Way  (17)  as  early  as  the  middle  of  the  last  century. 
Numerous  investigations  3  since  that  time  have  established  the  major 

1  This  is  the  third  report  relevant  to  the  properties  and  characteristics  of  the  erosion- 
station  soils. 

2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  18. 

3  A  r^sumS  of  such  investigations  is  given  by  Prescott  (12).  Various  methods  of  making 
base-exchange  determinations  are  summarized  in  the  following  publication  :  Rothamsted 
Experimental  Station,  Harpenden.  determination  of  exchangeable  bases  and  lime 
requirement.     Tech.  Conrmun.  12.     1930.      [Mimeographed.] 
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facts  of  base  exchange  and  have  resulted  in  a  variety  of  methods  for 
the  determination  of  the  exchangeable  bases  and  the  base-exchange 
capacity  of  soils. 

No  one  method  has  yet  been  produced,  however,  which  is  satisfac- 
tory for  the  determination  of  exchangeable  bases  for  all  classes  of 
soils,  or  for  all  purposes.  This  is  due  in  part  to  the  diverse  nature 
of  soils.  It  is  also  due  to  the  indefiniteness  as  to  what  constitutes 
exchangeable  bases.  In  general  discussion,  these  are  assumed  to  be 
calcium,  magnesium,  potassium,  and  sodium.  The  exchangeability 
of  aluminum,  iron,  and  manganese  is  not  established  (7)  but  appears 
to  be  definitely  associated  with  the  acidity  of  the  soil  (6,  7,  15). 
Moreover,  the  amount  of  any  base  that  can  be  removed  from  the  soil 
as  "  exchangeable  "  is  governed  to  some  degree  by  the  conditions  of 
removal,  such  as  the  length  of  time  of  leaching,  the  pH  of  the  sys- 
tem, and  the  concentration  of  the  replacing  ion.  These  limitations 
to  more  than  approximate  values,  which  result  from  the  chemical- 
physical  characteristics  of  the  soil  colloid  complex,  apply  also  to 
determinations  of  base-exchange  capacity,  exchangeable  hydrogen, 
and  degree  of  saturation. 

)  The  methods  to  be  used,  therefore,  in  any  study  of  these  prop- 
erties depend  to  a  great  extent  on  the  particular  condition  to  be 
satisfied  throughout  the  investigation.  In  the  present  study,  made 
on  the  colloids  of  the  erosion  station  soils  (10,  11 ) ,  the  conditions  to 
be  met  led  to  the  use  of  0.05-normal  hydrochloric  acid  as  an  extrac- 
tion agent.  Gedroiz  (4)  appears  to  have  been  the  first  to  recom- 
mend this  reagent  in  extraction  studies,  but  it  has  been  widely  used 
since  by  other  workers.  Working  with  soil  colloids,  Mattson  (9) 
found  that  0.05-normal  hydrochloric  acid,  normal  ammonium  chlo- 
ride, and  electrodialysis  yielded  almost  identical  amounts  of 
exchangeable  bases. 

When  a  complete  analysis  of  the  extracted  material  is  to  be 
attempted,  as  was  the  case  in  the  present  investigation,  0.05-normal 
hydrochloric  acid  has  a  decided  advantage  over  ammonium  chlo- 
ride, or  any  other  salt  solution,  as  an  extraction  agent,  because  of  the 
ease  with  which  the  acid  solution  lends  itself  to  an  analysis  of  its 
constituents.  It  also  offers  advantages  over  electrodialysis  with  re- 
gard to  the  removal  of  magnesium.  Eesults  for  this  base  when 
electrodialysis  is  used  are  apt  to  be  too  low,  due  to  the  precipitation 
of  the  magnesium  as  the  hydroxide  while  the  element  passes  through 
the  membrane  to  the  cathode  chamber  (3).  Iron  and  aluminum -are 
similarly  precipitated  by  electrodialysis  and  appear,  moreover,  in 
both  cathode  and  anode  chambers.  Considerable  manipulative  dif- 
ficulty is  encountered  in  any  complete  analysis  of  material  removed 
by  electrodialysis. 

The  most  serious  criticism  of  the  use  of  hydrochloric  acid  appears 
to  be  its  decomposing  action  on  the  colloid  complex.  It  must  be 
admitted  that  acid  extractions  remove  larger  amounts  of  silica  and 
the  sesquioxides  than  do  the  salt  extractions,  but  the  assumption 
that  this  is  wholly  disadvantageous  is  open  to  question.  From  the 
standpoint  of  pure  science,  the  relative  solubility  of  the  base- 
exchange  complex  is  as  important  as  base  exchange,  and  certain  con- 
clusions may  be  drawn  from  the  varying  amounts  of  silica  and 
alumina  brought  into  solution  by  0.05-normal  hydrochloric  acid. 
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As  to  the  applicability  of  hydrochloric  acid  to  calcareous  soils,  the 
work  of  Williams  (18)  seems  to  indicate  that  with  proper  technic, 
hydrochloric,  phosphoric,  or  acetic  acids  should  be  equally  effective 
agents  for  the  extraction  of  exchangeable  bases.  One-twentieth-nor- 
mal hydrochloric  acid  was  found  to  be  entirely  satisfactory  by  work- 
ers in  this  laboratory,  easily  removing  the  carbonates  and  the 
exchangeable  calcium.  The  correction  which  is  then  necessary  for 
calcium  carbonate  leads  to  unavoidable  errors  in  the  relative  amounts 
of  exchangeable  calcium  and  magnesium  in  the  case  of  dolomitic  soils 
but  does  not  affect  the  total  of  exchangeable  bases  when  expressed  in 
milliequivalents. 

The  use  of  the  ammonium  ion  for  the  determination  of  base- 
exchange  capacities  has  wide  acceptance.  Chapman  and  Kelley  (2) 
have  determined  the  ammonia  retained  by  soils  when  leached  with 
ammonium  acetate  and  subsequently  leached  with  methyl  alcohol. 

Puri  (IS)  has  saturated  H  soils  with  ammonia  in  the  vapor  phase 
and  removed  the  excess  by  standing  his  samples  for  several  days 
over  concentrated  sulphuric  acid.  Anderson  and  Byers  (1)  have 
made  a  series  of  ammonia-absorption  determinations  by  evaporation 
of  the  sample  to  dryness  from  0.05-normal  ammonium  hydroxide, 
followed  by  4  hours  of  oven  drying.  This  latter  method  of  am- 
monification  was  used  in  the  present  investigation  to  saturate  the 
colloid  acids  that  resulted  from  the  0.05-normal  hydrochloric  acid 
extraction.  The  experimental  procedure  is  given  in  more  detail  in 
the  following  pages. 

OUTLINE  OF  PROCEDURE 

A  sample  of  15  to  20  g  of  noncalcareous  colloid  is  placed  in  a  tall 
beaker  and  treated  with  successive  portions  of  0.05-normal  hydro- 
chloric acid,  until  a  total  of  1,000  cc  of  filtrate  has  been  obtained.  On 
the  addition  of  each  100-cc  portion  of  acid  to  the  beaker,  the  colloid  is 
thoroughly  agitated  to  break  up  aggregates  of  colloid.  A  mechanical 
stirrer  is  helpful.  The  stirrer  used  has  a  vertical  metal  shaft  covered 
by  a  long  rubber  policeman.  Filtration  is  accomplished  by  means  of 
short  Pasteur-Chamberland  filters  inserted  in  the  beakers.  The 
process  is  hastened  by  reversing  the  pressure  from  time  to  time  on 
the  filter  tubes,  causing  the  layer  of  colloidal  material  to  slip  off. 
An  apparatus  found  to  be  very  convenient  for  this  filtering  process 
has  been  described  by  Shaw  (16).  The  combined  filtrate  is  evapo- 
rated to  dryness  with  nitric  acid  to  destroy  the  organic  matter 
present,  taken  up  with  15  cc  of  water  and  15  cc  of  concentrated 
hydrochloric  acid,  and  again  evaporated  to  dryness.  Analysis  is 
then  made  by  conventional  methods. 

If  the  sample  contains  carbonates  it  is  treated  with  successive  200-cc 
portions  of  0.05-normal  hydrochloric  acid  until  a  sufficient  quantity 
of  acid  has  been  used  to  remove  the  carbonates  as  chlorides.  The 
extraction  is  then  continued  as  in  the  case  of  the  noncalcareous  col- 
loids. The  total  filtrate  in  this  case  is  1,000  cc  plus  the  amount 
obtained  in  the  removal  of  the  carbonates. 

After  the  removal  of  exchangeable  bases  by  0.05-normal  hydro- 
chloric acid  the  samples  of  colloid  are  washed  several  times  with 
water  and  the  filtrate  is  discarded.     The  colloid  is  then  transferred 
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to  an  electrodialysis  apparatus  and  a  direct  current  passed  through 
for  3  to  6  hours.  The  anode  dialysate  is  removed  several  times  and 
tested  for  the  chloride  ion.  The  colloid  is  stirred  frequently  to 
hasten  dialysis.  Usually  not  more  than  a  trace  of  chloride  remains 
after  5  hours  dialysis. 

The  electrodialyzed  material  is  transferred  back  into  a  250-cc 
beaker  in  a  manner  as  nearly  quantitative  as  possible.  By  the  use 
of  a  mechanical  stirrer  it  is  brought  into  homogeneous  suspension 
in  a  volume  of  150  cc  of  water.  At  this  point  subsamples  corre- 
sponding to  approximately  2  g  each  of  dry  colloid  are  poured  into 
glass  dishes.  To  these  subsamples  enough  ammonia  is  added  to 
bring  the  concentration  to  approximately  0.5  normal.  The  samples 
in  the  glass  dishes  are  allowed  to  evaporate  to  dryness  on  the  steam 
bath,  and  are  then  remoistened  with  0.5-normal  ammonia  and  again 
brought  to  dryness.  The  dry  material  is  scraped  from  the  dish,, 
transferred  to  a  weighing  bottle,  and  dried  at  105°  C.  for  5  hours. 
The  weights  are  taken  and  the  samples  transferred  to  nitrogen  dis- 
tillation flasks,  and  after  distillation  with  magnesium  oxide  the 
ammonia  is  determined. 

The  portion  of  the  electrodialyzed  colloid  left  after  the  removal 
of  subsamples  for  the  determination  of  base-exchange  capacity  may 
be  used  for  a  determination  of  the  base-exchange  capacity  of  the 
organic  fraction.  Normal  ammonium  hydroxide  solution  is  added, 
and  the  solution  containing  much  of  the  organic  matter  is  filtered 
off,  using  the  filtering  apparatus  (16).  No  attempt  is  made  to 
remove  all  the  organic  matter  from  the  whole  sample,  since  it  would 
require  an  excessive  period  for  the  extraction  of  the  whole  sample 
to  the  point  of  obtaining  a  colorless  filtrate.  Even  then  considerable 
organic  material  would  probably  remain  insoluble  in  the  ammonia 
solution.  The  extraction  is  continued  until  a  sufficient  quantity  of 
organic  matter  has  been  removed  to  furnish  a  sample  for  the  de- 
termination of  its  ammonia  and  its  ash  content.  After  this  has 
been  done,  a  small  sample  of  colloid  of  approximately  2  g  is  removed 
from  the  beaker  in  the  form  of  a  plaque  on  the  Pasteur-Chamber- 
land  filter.  Plaque  and  filter  are  then  immersed  in  a  clear  normal 
solution  of  ammonia,  and  washing  is  continued  until  the  filtrate  is 
almost  colorless.  The  plaque  is  then  taken  off,  and  dried  in  the 
manner  previously  described,  and  the  ammonia  content  determined. 
This  gives  the  base-exchange  capacity  of  the  "  organic-free  "  residual 
colloid. 

EXPERIMENTAL  RESULTS 

PRELIMINARY  DATA 

The  method  of  procedure  just  described  is  the  result  of  some  pre- 
liminary experimentation.  Two  of  the  surface  soils  of  the  erosion 
experiment  stations  were  used  in  the  test;  the  Shelby  soil,  no.  6797, 
and  the  Cecil,  no.  6977.  Samples  were  taken  in  duplicate  to  de- 
termine the  probable  range  in  percentage  variations,  particularly  of 
silica,  iron,  and  alumina  of  the  extracted  material,  it  being  already 
known  from  the  literature  that  the  removal  of  the  exchange  bases 
proper  was  duplicable  by  this  method.  A  third  sample  of  each  soil 
received  identical  treatment,  except  that  the  removal  of  the  several 
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portions  of  0.05-normal  hydrochloric  acid  was  delayed  each  time, 
so  that  the  total  time  of  extraction  of  the  third  sample  was  double 
that  of  the  duplicate  samples.  The  results  of  the  analyses  of  the 
three  extracts  of  each  of  these  soils  are  given  in  table  1.  These  re- 
sults show  that  duplicate  treatment  with  0.05-normal  hydrochloric 
acid  produces  duplicate  analytical  results.  They  also  show  that 
while  the  percentages  of  CaO,  MgO,  K20,  and  Na20  are  not  notice- 
ably affected  by  the  length  of  time  of  leaching,  the  percentages  of 
Si02,  Fe203,  A1203,  and  MnO  are  increased.  Not  only  do  the  amounts 
of  silica  and  alumina  increase  with  extended  leaching,  but  the  ratio 
of  silica  to  alumina  changes.    More  will  be  said  later  on  this  point. 

Table  1. — Analyses  of  material  extracted  oy  0.05-normal  hydrochloric  acid  from 
2  erosion  station  surface  soils 


Lab- 

Ex- 
trac- 

ora- 
tory 

Soil  type 

tion 
pe- 

Si02 

TiOa 

Fe203 

AI2O3 

MnO 

CaO 

MgO 

K20 

NajO 

P205 

SOj 

no. 

riod 

Hrs. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

6797 

Shelby  silt  loam 

24 

0.054 

0.00 

0.009 

0.175 

0.001 

0.242 

0.094 

0.022 

0.010 

0.005 

0.00 

6797 

do 

24 

.054 

.00 

.010 

.169 

.001 

.239 

.093 

.021 

.010 

.006 

.00 

6797 

do 

48 

.097 

.00 

.017 

.232 

.001 

.241 

.095 

.025 

.011 

<») 

.00 

6977 

Cecil    sandy    clay 

24 
24 

.021 
.021 

.00 
.00 

.007 
.007 

.212 
.214 

.041 
.039 

.054 
.053 

.009 
.009 

.015 
.016 

.004 
.004 

.00 
.00 

.00 

6977 

do 

.00 

6977 

do 

48 

.036 

.00 

.014 

.274 

.063 

.056 

.009 

.017 

.004 

.00 

.00 

1  Not  determined. 


After  the  extraction  with  0.05-normal  hydrochloric  acid,  one  of 
each  pair  of  the  duplicate  samples  was  washed  with  water  until 
filtration  became  exceedingly  difficult,  owing  to  the  dispersion  of  the 
colloid.  This  required  4  washings  for  the  Shelby  soil  and  5  for  the 
Cecil  soil.  The  samples  were  then  electrodialyzed  and  the  amount 
of  the  retained  chlorides  was  determined.  The  Shelby  sample  had 
retained  0.7  milliequivalent  per  100  g,  and  the  Cecil  sample  0.3  milli- 
equivalent  per  100  g. 

The  other  of  each  pair  of  duplicate  samples  was  washed  with  alco- 
hol until  no  further  chlorides  appeared  in  the  filtrate.  This  required 
five  alcohol  washes.  Electrodialysis  of  these  samples  showed  that 
the  Shelby  sample  had  retained  0.3  milliequivalent  of  chloride  per 
100  g  of  soil.  The  Cecil  sample  retained  the  much  larger  amount  of 
1.2  milliequivalents  per  100  g. 

An  experiment  on  the  third  sample  of  Cecil  soil  showed  that 
this  chloride,  which  apparently  is  absorbed  by  the  colloid  complex, 
is  released  on  the  addition  of  ammonium  hydroxide.  That  is  to  say, 
unless  this  absorbed  chloride  is  removed  from  the  soil  it  causes  an 
error  of  an  equal  number  of  milliequivalents  per  100  g  in  the 
ammonia-absorption  determination.  Since  the  Cecil  soil  examined 
contains  approximately  17  percent  of  colloid,  it  appeared  that  the 
error  of  1.2  milliequivalents  per  100  g  would  be  increased  several 
fold  on  a  determination  of  the  base-exchange  capacity  of  the  Cecil 
colloid.  This  was  later  found  to  be  the  case.  The  lateritic  colloids 
and  colloids  high  in  organic  matter  appear  to  retain  the  chloride 
much  more  tenaciously  than  the  others.     A   Nacogdoches  colloid 
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retained  the  maximum  amount  of  6  milliequivalents  per  100  g.  A 
Cecil  colloid  retained  4.5  milliequivalents  per  100  g.  The  retained 
chloride  may  be  regarded  as  "  exchangeable  "  chloride. 

Alcohol  was  accordingly  eliminated  as  a  washing  material,  fol- 
lowing the  extraction  with  0.05-normal  hydrochloric  acid.  Although 
water  appeared  to  remove  retained  chlorides  more  effectively  than 
alcohol,  any  attempt  to  use  water  for  washing  the  acid  colloid  re- 
sulted in  such  a  highly  plastic  condition  as  to  render  filtration  very 
nearly  impossible.  It  was  therefore  decided  that  electrodialysis 
should  be  used  for  removal  of  chloride,  as  indicated  in  the  outline 
of  the  procedure.     s 

Duplicate  determinations  of  the  ammonia  absorbed  indicated  that 
the  method  of  base-exchange  determinations  as  outlined  gave  dupli- 
cate results.  These  results  are  reported  in  table  2.  The  pH  value 
of  the  soils,  after  treatment  with  ammonium  hydroxide,  approxi- 
mated neutrality.  Since  the  base-exchange  capacities  of  these  soils 
is  greater  than  the  amount  of  their  exchangeable  bases,  unsatura- 
tion  is  indicated.  Unsaturation  is  also  indicated  by  the  pH  value 
of  these  soils  (table  5). 

Table    2. — Exchangeable    bases    and    base-exchange    capacities    of    2    erosion 
station  surface  soils,  in  milliequivalents  per  100  g<  of  soil 


Lab- 

Soil  type 

Mn 

Ca 

Mg 

K 

Na 

Total 

ex- 
change- 
able 
bases ' 

Base-exchange 
capacities 

tory 
no. 

Soil 

Organic 
matter 

Organic 
free  soil 

6797 

0.0 
.0 
.0 
1.2 
1.1 
1.8 

8.6 
8.5 
8.6 
1.9 
1.9 
2.0 

4.7 

4.6 

4.7 

.4 

.4 

.4 

0.5 
.4 
.5 
.3 
.3 
.4 

0.3 
.3 
.4 
.1 
.1 
.1 

14.1 
13.8 
14.2 
2.7 
2.7 
2.9 

19.9 
19.5 
19.6 
6.8 
7.0 
6.9 

{      351 
1      342 

6797 
6797 
6977 
6977 
6977 

do. -- 

do 

Cecil  sandy  clay  loam 

do -- 

do 

12.2 
2.0 

Manganese  excluded. 


SILICA  AND  SESQUIOXIDES 


The  results  of  the  experimental  work  done  on  the  erosion-station 
colloids  are  reported  in  a  series  of  tables  to  facilitate  a  discussion 
of  the  data.  The  analyses  for  the  determination  of  silica,  iron,  and 
alumina,  and  other  pertinent  data,  are  reported  in  table  3.  For 
comparison,  there  are  included  in  this  table  the  silica-alumina  ratios 
of  these  colloids,  which  have  been  published  previously  (10,  11). 
The  several  profiles  are  listed  in  the  table  in  the  order  of  increasing 
silica-sesquioxide  ratio  of  the  surface  soil  colloids. 
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Table  3. — Silica,   iron,  and  alumina  removed  by  0.05 -normal    hydrochloric  acid 
from  the  colloids,  and  other  related  data 

NACOGDOCHES  FINE  SANDY  LOAM 


Depth 

Si02 

Fe203 

A1203 

Total 

Mols  Si02/Al203 

Por- 
tion of 
total 
silica 

re- 
moved 

Por- 
tion of 

Laboratory  no. 

Extracted 
material 

Whole 
colloid 

total 
alumi- 
na re- 
moved 

9475 

Inches 

0-  8 

8-18 

18-40 

40-66 

66-72 

Percent 
0.35 
.20 
.22 
.26 
.25 

Percent 
0.02 
.03 
.02 
.02 
.02 

Percent 
0.97 
.36 
.53 
.47' 
.57 

Percent 
1.34 
.59 
.77 
.75 
.84 

0.61 
.94 
.70 

.94 
.75 

1.98 
1.97 
1.83 
2.05 
1.94 

Percent 
1.3 
.6 
.7 

.7 
.8 

Percent 
4  0 

9476 

1.3 

9477 

1  9 

9478 

1  5 

9479 

2  2 

CECIL  SANDY  CLAY  LOAM 


0-  6 

0.17 

0.04 

0.79 

1.00 

0.37 

1.65 

0.5 

6-32 

.19 

.03 

.40 

.62 

.81 

1  69 

.6 

32-60 

.18 

.04 

.34 

.56 

.90 

1.88 

.5 

2.3 
1.1 
1.1 


KIRVIN  FINE  SANDY  LOAM 


6678 
6679 
6680 
6681 


0-12 

0.29 

0.06 

0.58 

0.93 

0.85 

2.75 

0.7 

12-24 

.26 

.06 

.38 

.70 

.72 

2.88 

.  7 

24-51 

.20 

.06 

.29 

.55 

1.17 

2.42 

.5 

51-63 

.20 

.06 

*      .32 

.58 

1.06 

2.48 

.5 

.  63-75 

.23 

.05 

.42 

.70 

.93 

2.47 

.6 

2.2 
1.3 
1.0 
1.1 

1.5 


MUSKINGUM  SILT  LOAM 


B407 
B408 
B409 
B410 
B411 


0-  7 

0.19 

0.12 

0.53 

0.84 

0.61 

2.80 

0.4 

7-13 

.29 

.09 

.42 

.80 

1.17 

2.68 

.7 

14-24 

.13 

.09 

.19 

.41 

1.16 

2.43 

.3 

25-46 

.12 

.04 

.09 

.25 

2.26 

2.49 

.3 

47-72 

.15 

.05 

.10 

.30 

2.55 

2.54 

.3 

2.0 
1.5 
.6 


PALOUSE  SILT  LOAM 


8070 
8071 
8072 
8073 


0-20 

0.70 

0.08 

0.82 

1.60 

1.45 

3.23 

1.6 

20-33 

.78 

.17 

.94 

1.89 

1.43 

3.31 

1.7 

33-62 

.88 

.14 

1.07 

2.09 

1.40 

3.25 

1.9 

62-75 

.93 

.14 

1.06 

2.13 

1.49 

3.45 

1.9 

75-84 

.91 

.12 

1.01 

2.04 

1.53 

3.50 

1.9 

3.5 
4.0 
4.4 
4.5 
4.4 


VERNON  FINE  SANDY  LOAM 


6718 
6719 
6720 
6721 


0-  3 

0.42 

0.03 

0.55 

1.00 

1.30 

3.45 

1.0 

3-10 

.49 

.04 

.63 

1.16 

1.32 

3.12 

1.1 

10-27 

.45 

.04 

.65 

1.14 

1.18 

2.94 

1.0 

27-58 

.26 

.02 

.25 

.53 

1.77 

2.88 

.6 

2.6 
2.6 
2.5 


SHELBY  SILT  LOAM 


6797 
6798 
6799 
6800 


0-7 

0.79 

0.11 

1.30 

2.20 

1.03 

3.31 

1.7 

8-12 

.68 

.08 

1.00 

1.76 

1.15 

3.30 

1.4 

12-20 

.72 

.08 

.97 

1.77 

1.26 

3.28 

1.5 

20-24 

.76 

.09 

.82 

1.67 

1.57 

3.36 

1.6 

24-48 

.78 

.08 

.64 

1.50 

2.07 

3.57 

1.6 

48-60 

.79 

.08 

.60 

1.47 

2.24 

3.54 

1.6 

60-84 

.79 

.05 

.46 

1.30 

2.92 

4.33 

1.6 

5.5 
4.1 
3.9 
3.4 
2.8 
2.6 
2.4 
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Table  3. — Silica,  iron,  and  alumina  removed  by  0.05-normal  hydrochloric  acid 
from  the  colloids,  and  other  related  data — Continued 

CLINTON  SILT  LOAM 


Depth 

Si02 

Fe203 

AI2O3 

Total 

Mols  Si02/Al203 

Por- 
tion of 
total 
silica 

re- 
moved 

Por- 
tion of 

Laboratory  no. 

Extracted 
material 

Whole 
colloid 

total 
alumi- 
na re- 
moved 

10362        

Inches 

0-  8 

8-20 

20-32 

32-44 

44-66 

Percent 
0.40 
.51 
.60 
.57 
.45 

Percent 

0.11 

.17 

.16 

1  .15 
.05 

Percent 
0.99 
.82 
.80 
.71 
.24 

Percent 
1.50 
1.50 
1.56 
1.43 
.74 

0.69 
1.06 
1.27 
1.36 
3.18 

3.19 
3.17 
3.44 
3.03 
2.72 

Percent 
0.9 
1.1 
1.3 
1.2 
.9 

Percent 
4.1 
3.2 
3.4 
.8 

10363  .     

10364 

10365 

10366-     

MARSHALL  SILT  LOAM 

0-13 

0.99 

0.07 

0.72 

1.78 

2.33 

3.69 

2.1 

13-24 

.49 

.07 

.73 

1.29 

1.14 

3.66 

1.0 

24-45 

.58 

.10 

.73 

1.41 

1.35 

3.72 

1.2 

45-71 

.57 

.12 

.74 

1.43 

1.31 

3.57 

1.2 

8736- 
8737. 
8738- 
8739- 

6096- 
6097- 
6098- 
6099- 

6842- 
6843. 
6844- 
6845. 
6846. 
6847. 


3.3 
3.3 
3.2 
3.2 


HOUSTON  BLACK  CLAY 


0-  3 

1.33 

0.04 

0.87 

2.24 

2.60 

3.90 

2.7 

14-20 

.89 

.04 

.88 

1.81 

1.72 

3.92 

1.8 

24-36 

.84 

.04" 

.89 

1.77 

1.60 

3.91 

1.7 

36-50 

.99 

.05 

.94 

1.98 

1.79 

3.97 

1.9 

COLBY  SILTY 

CLAY  LOAM 

2-10 

1.17 

0) 

0.92 

2.09 

2.16 

4.25 

2.3 

10-20 

.84 

0) 

.72 

1.57 

1.96 

4.18 

1.6 

20-33 

.90 

0) 

.57 

1.47 

2.68 

4.29 

1.7 

33-47 

.84 

(') 

.37 

1.21 

3.86 

4.27 

1.6 

47-60 

.83 

(0 

.40 

1.23 

3.52 

4.38 

1.5 

60-72 

.89 

0) 

.37 

1.26 

4.09 

4.37 

1.6 

4.1 
4.1 
4.1 
4.3 


4.5 
3.5 
2.7 
1.7 
1.9 
1.8 


Not  determined. 


As  revealed  in  table  3,  the  percentage  of  iron  removed  by  0.05- 
normal  hydrochloric  acid  is  small,  nowhere  exceeding  0.17  percent. 
This  is  the  figure  obtained  for  the  colloids  of  the  second  horizons  of 
the  Palouse  and  Clinton  soils.  Reference  to  the  iron  oxide-alumina 
ratios  of  these  colloids  previously  published,  (10, 11)  indicates  that 
the  increased  percentage  of  soluble  iron  in  these  horizons  is  due  to 
the  extent  to  which  iron  has  been  deposited  in  them  by  podzolic 
processes.  In  the  B  horizon  of  a  true  podzol  larger  amounts  should 
be  dissolved.  The  low  percentage  of  iron  oxide  removed  from  the 
Houston  colloid  is  probably  due  to  its  low  iron  content.  However, 
the  total  amount  of  iron  in  a  colloid  bears  no  general  relation  to  the 
amounts  of  iron  removed.  The  Nacogdoches  colloids,  highest  in  iron 
content  of  them  all,  showed  the  smallest  percentage  of  dissolved  iron. 
The  Cecil,  Kirvin,  and  Vernon  colloids,  all  from  red  soils,  similarly 
gave  low  percentages  of  dissolved  iron.  The  condition  of  the  iron 
of  the  colloid  has  an  important  bearing  on  the  ease  with  which  it 
enters  into  solution.  Because  the  percentages  of  iron  oxide  extracted 
were  so  small,  no  attempt  is  made  to  use  them  to  derive  other  data. 

Inspection  of  the  figures  for  dissolved  silica  (table  3,  columns  3  and 
9)  does  not  show  any  definite  trend.  Not  more  than  an  indication  is 
present  of  any  relationship  between  the  amount  of  silica  dissolved 
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and  the  silica-sesquioxide  ratio  of  the  colloid.  The  percentage  of 
total  silica  extracted,  however,  is  lower  on  the  average  for  the  first  4 
profiles  given  in  table  3  than  it  is  for  the  last  4  profiles.  No  more 
exacting  comparison  than  this  should  be  attempted,  because  of  the 
changes  in  the  amounts  of  silica  dissolved  with  changing  time  of 
extraction  (table  4).  To  comparisons  within  a  profile  this  criticism 
does  not  apply,  for  the  colloids  of  each  profile  constituted  a  single 
laboratory  set  and  were  therefore  subject  to  extraction  periods  of  the 
same  length.  Nevertheless,  a  comparison  of  the  percentages  of  silica, 
as  obtained  for  each  profile,  also  fails  to  reveal  any  well-marked  rela- 
tionships. In  six  cases  the  silica  percentage  and  the  percentage  of 
total  silica  removed  is  higher  at  the  surface  than  it  is  in  the  horizon 
immediately  below.  In  five  cases  the  reverse  is  true.  A  partial  cor- 
relation is  indicated  for  silica  dissolved  and  type  of  cover.  Four  of 
the  five  grassland  soils  (Palouse,  Shelby,  Marshall,  Houston,  and 
Colby)  show  relatively  more  easily  removable  silica  at  the  surface. 
All  the  remaining  soils  were  developed  under  forest  cover.  Of  this 
group,  the  Nacogdoches  is  the  only  one  to  show  any  significant  in- 
crease of  soluble  silica  in  the  surface  soil.  The  work  of  Robinson, 
Steinkoenig,  and  Miller  (14)  indicates  the  relatively  high  silica  con- 
tent of  the  grasses  as  compared  to  other  vegetation,  and  this  fact  may 
account  for  the  high  silica  solubility  of  grassland  soil  colloids. 

As  in  the  case  of  the  silica  determinations,  the  amounts  of  alumina 
extracted  are  notably  less  for  the  first  4  soil  profiles  represented  in 
table  3  than  for  the  last  4.  This  again  indicates  the  greater  solu- 
bility in  general  of  those  colloids  having  a  high  silica-sesquioxide 
ratio.  Total  solubility  effects  are  to  be  observed  for  this  same  group- 
ing of  the  colloids  by  a  summation  of  the  percentages  of  silica,  iron, 
and  alumina.  These  data  are  given  in  table  3,  column  5.  It  is 
of  interest  to  note  that  the  maximum  solubility  occasioned  by  the 
use  of  this  procedure  appears  to  be  about  2V4  percent.  Also,  colloids 
from  soil  layers  at  or  near  the  surface  appear  to  be  more  soluble  than 
those  from  lower  depths.  To  include  the  Clinton  and  Vernon  soils  in 
this  generalization  the  depth  considered  has  to  be  extended  to  about 
30  inches.  The  Palouse  soil  seems  to  be  an  outright  exception.  The 
only  explanation  applicable  seems  to  be  that  the  loess  deposit  on 
which  this  soil  is  formed  originally  contained  relatively  large 
amounts  of  "  soluble  "  silica  and  alumina,  and  the  lower  amounts 
now  found  at  the  surface  are  the  result  of  leaching  or  some  other 
process  which  has  not  yet  affected  the  remainder  of  the  profile. 
The  Marshall  soil,  also  formed  on  a  loess  deposit  but  leached  some- 
what more  than  the  Palouse,  shows  the  usual  increased  solubility  of 
the  surface  colloid. 

Figures  for  the  percentage  of  total  alumina  extracted  indicate  a 
tendency  toward  greater  solubility  of  the  alumina  of  the  surface 
horizon,  but  the  interpretation  to  be  attached  is  uncertain.  The  in- 
crease in  percentage  of  total  alumina  removed  from  the  surface 
horizon  may  represent  an  accumulation  of  hydrated  aluminum  hy- 
droxide caused  by  the  decomposition  of  more  complex  alumino- 
silicates.  On  the  other  hand,  and  particularly  in  the  acid  soils, 
it  may  represent  the  formation  of  a  humate  complex  precipitated 
in  the  surface  soil,  analagous  to  the  precipitation  of  sesquioxides 

82322°— 34 2 
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and  organic  matter  in  the  B  horizon  as  a  part  of  the  process  of 
podzolization  (1). 

The  molecular  ratios  of  the  silica  and  alumina  removed  from  these 
colloids  are  reported  in  table  3,  column  7.  They  appear  to  follow 
in  a  somewhat  haphazard  manner  the  order  established  by  the  silica- 
alumina  ratios  of  the  colloids  from  which  they  are  extracted.  Fur- 
ther examination  of  these  ratios  shows  that  extraction  with  0.05- 
normal  hydrochloric  acid  removes  from  the  colloid  proportionately 
more  alumina;  that  is  to  say,  the  silica-alumina  ratio  of  the  ex- 
tracted material  is  less  than  the  same  ratio  of  the  corresponding 
colloid.  This  is  so  in  all  but  two  cases.  The  excess  of  alumina 
may  be  accounted  for  as  exchange  alumina,  free  alumina  (probably 
hydrated),  or  by  the  decomposition  of  alumino-silicates  accompanied 
by  a  failure  to  extract  the  corresponding  amount  of  silicic  acid  freed 
by  the  same  process. 

Whatever  the  source  of  the  excess  alumina  over  silica  which  has 
just  been  discussed,  the  silica-alumina  ratio  of  the  extracted  material 
(which  is  too  low)  does  not  generally  approach  that  of  the  colloid 
on  continued  extraction.  The  results  of  the  24-  and  48-hour  extrac- 
tions of  the  Shelby  and  Cecil  soils  indicate  such  an  approach,  but 
other  pertinent  data  are  available.  These  data  are  given  in  table  4. 
The  0.05-normal  hydrochloric  acid  extract  from  several  colloids  was 
collected  in  a  first  and  second  portion  and  so  analyzed.  From  the 
silica-alumina  ratios  obtained  by  this  procedure,  it  is  to  be  seen 
that  in  most  cases  the  silica-alumina  ratios  obtained  from  the  anal- 
yses of  the  second  portions  of  the  extracts  are  lower  than  the  corre- 
sponding ratios  obtained  from  the  analyses  of  the  first  portions. 

Table  4. — Percentage  of  silica  and  alumina-  extracted  in  varying  periods 


Soil  or  colloid 


Shelby  soil— 

Cecil  soil 

Shelby  colloid 

Shelby  colloid 

Shelby  colloid 

Cecil  colloid - 

Cecil  colloid 

Cecil  colloid 

Nacogdoches  colloid-  - 
Nacogdoches  colloid. . 
Nacogdoches  colloid. . 

Colby  colloid 

Colby  colloid 

Colby  colloid -... 


Labo- 
ratory 
no. 


Material  analyzed 


Filtrate  from  24  hours'  extraction 
Filtrate  from  48  hours'  extraction 
Filtrate  from  24  hours'  extraction 
Filtrate  from  48  hours'  extraction 

First  portion  of  filtrate 

Second  portion  of  filtrate 

First  portion  of  filtrate 

Second  portion  of  filtrate 

First  portion  of  filtrate 

Second  portion  of  filtrate 

First  portion  of  filtrate 

Second  portion  of  filtrate 

First  portion  of  filtrate 

Second  portion  of  nitrate 

First  portion  of  filtrate 

Second  portion  of  filtrate.. 

First  portion  of  filtrate 

Second  portion  of  filtrate 

First  portion  of  filtrate 

Second  portion  of  filtrate 

First  portion  of  filtrate 

Second  portion  of  filtrate. 

First  portion  of  filtrate.. 

Second  portion  of  filtrate.. 

First  portion  of  filtrate . . 

Second  portion  of  filtrate 

First  portion  of  filtrate 

Second  portion  of  filtrate 


Si02 


Percent 
0.054 
.097 
.021 
.036 
.59 
.20 
.52 
.16 
.56 


AI2O3 


Percent 
0.172 
.232 
.213 
.274 
.99 
.31 
.73 
.27 
.69 
.28 
.45 
.34 
.23 
.17 
.19 
.15 
.46 
.51 
.18 
.18 
.28 
.25 
.43 
.49 
.14 
.43 


0.53 
.71 

.17 
.22 
1.02 
1.09 
1.21 


1.01 

1.38 

.97 

.30 

.45 

.81 

.80 

.98 

.79 

.55 

.52 

1.04 

.85 

.79 

.61 

2.57 

1.80 

4.73 

2.01 

6.04 

3.15 
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The  same  results  are  evident  if  first  portions  are  compared  with 
total  extracts  (tables  3  and  4).  Apparently,  0.05-normal  hydro- 
chloric acid  consistently  removes  proportionately  more  alumina  than 
silica  over  extended  periods  of  extraction.  In  less  acid  extractions 
the  order  presumably  tends  to  reverse. 

MINOR  CONSTITUENTS 

The  data  for  titanium,  phosphorus,  and  sulphur,  as  determined  by 
analysis  of  the  acid  extracts,  are  not  presented  in  tabular  form  but 
may  be  discussed  briefly.  None  of  the  extracts  showed  measurable 
amounts  of  titanium.  More  than  traces  of  sulphur  were  found  only 
in  extracts  from  colloids  high  in  carbonate  content.  In  organic  col- 
loids Anderson  and  Byers  (1)  have  shown  that  calcium  oxide  aids 
in  the  removal  of  sulphur,  as  sulphates.  Calcium  carbonate  appears 
to  have  a  similar  effect.  Small  quantities  of  phosphate  were  extracted 
from  all  the  colloids  except  those  from  lateritic  soils.  The  latter  col- 
loids are,  however,  exceptionally  high  in  phosphate  content.  The  col- 
loid of  the  Vernon  surface  soil  showed  a  somewhat  higher  extractable 
phosphate  content  than  the  lower  horizons.  This  may  possibly  be 
attributed  to  the  high  content  of  this  horizon  in  organic  matter.  It 
contains  8.5  percent  of  organic  matter  (10).  The  largest  yields  of 
extracted  phosphate  were  shown  by  the  high  silica-sesquioxide  ratio 
colloids,  the  Colby  and  Houston.  In  general,  the  amounts,  as  deter- 
mined, were  too  small  to  furnish  an  accurate  basis  of  comparison. 
On  the  basis  of  general  theory,  it  would  appear  that  the  phosphate 
content  of  high  silica-sesquioxide  colloids  should  be  the  more  soluble. 
There  are  two  grounds  for  this  assumption :  These  colloids  are  more 
strongly  acid  and  hence  less  basic  than  those  of  lower  ratio ;  also,  the 
phosphates  of  ferric  iron  and  alumina  are  notably  insoluble.  Gile 
(5)  has  found  that  colloids  of  low  ratios  have  increased  depressive 
effects  on  the  availability  of  added  superphosphates. 

EXCHANGEABLE  BASES 

The  exchangeable  bases,  including  manganese,  are  calculated  on  a 
basis  of  milliequivalents  per  100  g  and  reported  in  table  5.  The  quan- 
tities in  this  table  are  calculated  for  the  colloids  free  from  carbonates. 
Carbonates  are  present  in  the  Colby  and  Houston  profiles  and  the 
lower  horizons  of  the  Shelby  profile  (10).  In  all  cases  the  equivalent 
of  the  carbon  dioxide  found  is  subtracted  from  the  calcium  present. 
This  is  probably  not  exact,  since,  doubtless,  a  part  of  the  carbon 
dioxide  is  associated  with  magnesium.  However,  the  total  base  equiv- 
alent values  are  not  affected  by  this  uncertainty  of  distribution.  No 
carbon  dioxide  could  be  found  in  any  colloid  after  extraction.  Table 
5  also  contains  determinations  of  the  base-exchange  capacity  of  the 
colloid,  the  ammonia-soluble  organic  matter,  and  the  "  organic-free  " 
colloid.  A  listing  is  also  made  of  the  pH  values  for  the  soils  from 
which  these  colloids  were  extracted.  Certain  general  relationships 
are  evident,  which  are  of  interest  because  of  the  wide  range  of  soil 
types  represented  and  because  of  the  large  amount  of  other  data  on 
these  same  soils. 
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Table  5. — Exchangeable  bases  and  base-exchange  capacities  of  the  colloids  of  the 
erosion-station  soils  expressed  as  milliequivalents  per  100  g  of  carbonate-free 
colloid 

NACOGDOCHES  FINE  SANDY  LOAM 


Depth 

Mn 

Ca 

Mg 

K 

Na 

Ex- 
change- 
able 
bases  ' 

Base-exchange  capacities 

Laboratory  no. 

Colloid 

Inor- 
ganic 
colloid 

Organic 
matter 

Soil 
acidity 

9475 

Inches 
0-  8 
8-18 
18-40 
40-66 
66-72 

2.9 
.1 
.1 
.0 
.5 

25.0 
11.4 
7.1 
5.0 
9.3 

4.5 
4.0 
4.0 
3.0 
3.5 

1.3 
1.1 
1.3 
1.1 
1.1 

0.6 
.3 
.3 
.6 
.6- 

31.4 
16.8 
12.7 
9.7 
14.5 

30.3 
19.6 
20.6 
20.6 
19.1 

16.7 
17.3 
17.0 
18.6 
17.3 

5.3 

9476.   

4  4 

9477 

4.6 

9478 

5.0 

9479     

5. 1 

CECIL  SANDY  CLAY  LOAM 


0-  6 
6-32 
32-60 


3.9 
1.6 
.1 


9.6 
5.7 
2.1 


1.5 
2.0 
1.0 


0.3 
.3 


12.5 
8.6 
4.2 


15.5 
12.5 
11.0 


10.0 
10.7 
9.7 


342 


KIRVIN  FINE  SANDY  LOAM 


0-12 

1.4 

21.4 

4.0 

2.3 

1.3 

29.0 

12-24 

.1 

12.8 

7.9 

1.9 

1.6 

24.2 

24-51 

.1 

10.3 

6.9 

1.5 

1.0 

19.7 

51-63 

.0 

7.1 

4.5 

1.5 

1.0 

14.1 

63-75 

.0 

4.6 

3.5 

1.7 

1.0 

10.8 

23.6 
26.7 
28.0 
32.9 
30.3 


18.9 
22.9 
25.4 
31.1 
26.7 


MUSKINGUM  SILT  LOAM 


B407 

0-  7 
7-13 
14-24 
25-46 
47-72 

1.7 
1.0 
.5 

.7 
.8 

13.6 
15.7 
7.5 
9.3 
12.8 

6.5 
7.9 
6.0 
6.5 

8.4 

1.9 
1.5 
1.3 
1.1 
1.1 

1.3 
1.0 
1.0 
1.0 
1.0 

23.3 
26.1 
15.8 
17.9 
23.3 

35.0 
33.5 
21.3 
19.6 
17.2 

30.2 
31.9 
20.7 
18.5 
17.2 

349 

4.7 

B408 

4.? 

B409 

4.8 

B410 

4.8 

B411 

6.4 

PALOUSE  SILT  LOAM 


8069 

0-20 
20-33 
33-62 

62-75 
75-84 

1.4 
.8 
1.1 
1.1 
1.1 

31.0 
32.4 
32.8 
39.9 
40.6 

28.8 
37.2 
41.2 
38.2 
36.7 

2.5 
1.5 
1.5 
1.5 
1.7 

1.0 
1.0 
1.3 
1.3 
1.0 

63.3 
72.1 
76.8 
80.9 
80.0 

56.5 
54  8 
54.3 
59.8 
56.6 

51.6 
55.0 
55.2 
56.6 
55.5 

344 

6.7 

8070 

6.9" 

8071 

7.0 

8072 

7.1 

8073 

7.  a 

VERNON  FINE  SANDY  LOAM 

6718       

0-  3 
3-10 
10-27 

27-58 

13.2 

3.1 

1.1 

.3 

37.5 
26.4 
25.3 
25.0 

11.9 
10.4 
12.4 
14.9 

2.5 
2.8 
2.3 
1.9 

1.0 
1.3 
1.3 
.6 

52.9 
40.9 
41.3 
42.4 

51.2 
39.8 
41.6 
39.0 

32.8 
34.2 
32.6 
36.0 

394 

7.6 

6719 

7.0 

6720 

6.4 

6721 

6.7 

SHELBY  SILT  LOAM 


6797.      

0-7       0 

8-12 
12-20 
20-24 
24-48 
48-60 
60-84 

6 
4 
5 
6 

H 

B 

■A 

38.9 
42.1 
41.1 
43.2 
36.1 
25.0 
23.2 

21.9 
23.8 
25.8 
30.3 
44.7 
47.7 
52.1 

2.8 
2.1 
2.5 
2.5 
2.5 
2.3 
2.8 

1.3 
1.3 
1.3 
1.9 
1.9 
1.9 
1.9 

64.9 
69.3 
70.7 
77.9 
85.2 
76.9 
80.0 

62.5 
61.4 
60.6 
61.6 
52.6 
53.3 
54.9 

49.5 
54.4 
53.0 
54.4 
52.0 
51.1 
53.1 

376 

5v4 

6798 

5.6 

6799 

7.0 

6800 

8.2 

6801 

8.6 

6802 

8.6 

6802B 

8.7 

Manganese  excluded. 
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Table  5. — Exchangeable  bases  and  base-exchange  capacities  of  the  colloids  of 
the  erosion-station  soils  expressed  as  niUUequivalents  per  100  g  of  carbonate- 
free  colloid — Continued 

CLINTON  SILT  LOAM 


Laboratory  no. 


10362 
10363 
10364 
10365 


Depth 


Inches 

0-  8 

8-20 

20-32 

32-44 

44-66 


Mn 


3.9 
.9 


36.4 
27.5 
29.6 
34.6 
25.3 


Mg 


11.4 
13.9 
17.3 
20.3 
12.4 


1.9 
2.1 
2.1 
1.9 
1.7 


Na 


2.3 
2.3 
2.3 
2.3 
2.3 


Ex- 
change- 
able 


52.0 
45.8 
51.3 
59.1 

41.7 


Base-exchange  capacities 


Colloid 


47.4 
53.5 
54.5 
54.5 
45.9 


Inor- 
ganic 
colloid 


42.4 
52.6 
54.5 
55.6 
45.4 


Organic 
matter 


6842 
6843 
6844 
6845 
6846 
6847 


2-10 
10-20 
20-33 
33-47 
47-60 
60-72 


0.8 
.7 
.3 
.4 


73.5 
71.4 
72.1 
53.1 
52.1 
47.5 


17.4 
14.4 
19.4 
22.3 
24.3 
26.8 


4.5 
4.3 
4.0 

4.7 
4.9 

5.1 


3.2 
3.5 
4.2 
4.5 
4.2 
4.5 


99.7 
84.6 
85.5 
83.9 


74.0 
64.0 
64.4 
64.0 
64.7 
64.5 


58.7 
58.7 
58.0 
59.4 
58.0 
58.0 


324 


Soil 
acidity 


354 
362 


pH 
5.9 
5.3 
5.2 
5.4 
5.6 


MARSHALL  SILT  LOAM 

8736 

0-13 

13-24 
24-45 
45-71 

0.8 
.4 
.4 
.4 

38.9 
40.0 
38.5 
38.5 

17.4 
19.8 
24.8 
24.3 

2.5 
2.1 
1.7 
1.7 

1.3 
1.0 
1.0 
1.0 

60.1 

62.9 
66.0 
65.5 

65.1 
65.8 
64.7 
54.4 

59.4 
64.7 
65.4 
56.7 

333 
384 
362 

5.5 

8737 

5.6 

8738       

5.6 

8739     

5.7 

HOUSTON  BLACK  CLAY 

6096         .     

0-  3 
14-20 
24-36 
36-50 

0.5 
.5 
.4 
.3 

103.2 
129.2 
129.8 
129.2 

11.4 
8.9 
9.4 
9  4 

3.6 
2.3 
2.5 
2.3 

2.3 
2.3 
2.9 

1.6 

120.5 
142.7 
144.6 
142.5 

93.4 
92.3 

84.8 
86.4 

86.2 
88.1 
86.4 
84.6 

383 
386 
381 

8. 1 

6097 

6098.    

8.1 
8.2 

6099       

8.2 

COLBY  SILTY  CLAY  LOAM 

8.3 
8.4 
8.5 
8.5 
8.5 
8.5 


Calcium  and  magnesium  constitute  the  major  portion  of  the  ex- 
change bases,  to  such  an  extent  that  the  determination  of  these  con- 
stituents, only,  would  result  in  a  very  fair  estimation  of  the  total 
exchangeable  bases.  Tests  made  on  the  extracted  residues  of  some 
of  these  colloids  showed  that  all  the  calcium  had  been  removed,  but 
considerable  percentages  of  magnesia  and  potash  remained  unex- 
tracted.  The  maximum  total  of  exchangeable  potassium  and  sodium 
was  found  in  the  lowest  horizon  of  the  Colby  soil  and  amounted  to 
9.6  milliequivalents  per  100  g.  In  the  second  horizon  of  the  Cecil 
soil  they  amount  to  less  than  1  milliequivalent  per  100  g. 

Except  in  the  surface  horizons  manganese  appears  in  even  smaller 
quantities  throughout.  A  notable  amount  of  manganese  is  dissolved 
from  the  colloid  of  the  Vernon  surface  soil,  evidently  from  the 
decomposition  of  manganese  dioxide.  If  so,  it  does  not  represent 
exchangeable  base.  Manganese  is  known  to  be  effective  as  an  ex- 
change base  (£),  but,  because  of  the  likelihood  of  dissolved  manga- 
nese dioxide  and  also  because  the  amounts  of  manganese  are  in  most 
cases  negligible,  this  element  was  excluded  from  the  summation  of 
the  exchangeable  bases  shown  in  table  5,  column  8. 
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Examination  of  the  data  of  table  5  reveals  the  fact  that  a  general 
parallelism  exists  between  the  total  exchangeable  bases  and  the  base- 
exchange  capacities  of  the  colloids.  These  quantities  are  in  general 
proportional  to  the  silica-sesquioxide  value  of  the  colloids  (10,  11). 
That  is,  when  the  silica-sesquioxide  ratio  is  high,  the  base  exchange 
and  base-exchange  capacity  are  also  high.  The  base  values  also 
bear  a  rough  relation  to  the  pH  values  of  the  soils.  The  data  show 
the  wide  range  of  these  various  values  which  ought  to  be  expected 
when  widely  different  soil  types  are  compared.  The  Houston  colloid, 
for  example,  has  approximately  tenfold  the  base  content  of  the  Cecil 
colloid.  The  relations  shown  are,  however,  by  no  means  quantitative. 
Indeed,  a  quantitative  relation  should  not  be  expected,  since  the  leach- 
ing processes  ought  not  to  be  expected  to  keep  step  with  the  inde- 
pendent process  of  rock  decomposition.  Variation  also  is  to  be  ex- 
pected as  a  result  of  variable  organic  content. 

A  very  interesting  relation  exists  between  the  pH  values  of  the 
soils  and  the  relative  quantities  of  the  total  bases  and  the  base- 
exchange  capacities.  In  general,  the  acid  soils  tend  to  have  a  base- 
exchange  capacity  in  excess  of  the  total  base  content ;  in  other  words, 
they  are  unsaturated,  but  the  soils  of  high  pH  values  have  a  total 
base  content  in  excess  of  the  base-exchange  capacity  as  measured  by 
ammonification  and  drying.  This  is  to  be  expected  when  it  is  con- 
sidered that  the  soil  bases  are  all  stronger,  as  bases,  than  is  ammonia 
and  ought  to  form  "  saturated  "  salts  of  the  soil  acids  with  a  greater 
relative  base  content.  It  is  understood,  of  course,  that  even  in  "  satu- 
rated "  soils  the  soil  acids  are  not  completely  neutralized,  even  at 
pH  values  above  7.  A  few  random  observations  have  also  been 
made,  which  show  that,  although  colloids  of  low  silica-sesquioxide 
ratio  absorb  smaller  quantities  of  ammonia  than  do  higher  silica- 
sesquioxide  ratio  soils,  the  pH  values  of  the  latter  are  materially 
lower.  Thus,  colloids  of  the  Nacogdoches  and  Cecil  profiles,  when 
debased  and  saturated  with  ammonia,  show  an  average  pH  value  of 
7.3,  and  the  Colby  profile  gives  a  corresponding  value  of  6.6.  This  is, 
of  course,  an  evidence  of  stronger  acidity  of  the  more  siliceous  col- 
loids. This  phase  of  the  investigation  will  be  more  fully  reported 
in  a  subsequent  publication. 

ORGANIC  BASE   EXCHANGE 

Columns  9  and  10  of  table  5  show  how  organic  matter  increases 
base-exchange  Capacity,  particularly  in  the  surface  soil.  It  un- 
questionably plays  a  large  part  in  the  retention  of  the  exchangeable 
bases  at  the  surface,  preventing  their  rapid  removal  by  leaching 
waters.  In  the  Nacogdoches  and  Kirvin  soils,  for  example,  the 
amount  of  exchangeable  bases  held  by  the  surface  soil  colloid  far 
exceeds  the  base-exchange  capacity  of  the  inorganic  portion,  yet  both 
these  soils  are  developed  under  fairly  high  rainfall.  In  cases  such 
as  these  it  appears  probable  that  the  destruction  of  the  soil  organic 
matter  should  result  in  an  immediate  and  severe  loss  of  exchange- 
able bases  to  the  percolating  waters. 

The  Vernon  colloid  (organic  content  8.5  percent)  shows  the  ef- 
fect of  organic  matter  at  its  maximum.  Organic  matter  accounts 
for  18.4  milliequivalents  of  the  recorded  base-exchange  capacity,  or 
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nearly  36  percent  of  the  total.  Similarly,  the  organic  matter  ac- 
counts for  a  large  percentage  of  the  total  base-exchange  capacity  of 
the  Nacogdoches  and  Cecil  surface  soil  colloids.  In  other  cases  the 
effect  of  the  organic  matter  is  less  well  marked,  either  because  the 
organic-matter  content  is  low,  or  because  of  an  increased  base- 
exchange  capacity  of  the  inorganic  colloid. 

Except  for  their  organic  content,  surface  soil  colloids  in  general 
appear  to  have  a  slightly  lower  base-exchange  capacity  than  those  of 
the  next  lower  portion  of  the  profile.  Inclusion  of  the  organic  matter 
does  not  always  give  the  surface  soil  colloid  a  superiority  in  base-ex- 
change capacity.  Determination  of  the  ammonia  absorbed  by  the 
inorganic  colloids  results  in  a  series  of  figures  which  indicate  that 
base-exchange  capacity  tends  to  remain  constant  throughout  the 
profile  in  the  cases  examined,  but  exceptions  are  frequent  enough 
to  prevent  any  generalization  as  far  as  other  soil  profiles  are  con- 
cerned. The  Muskingum  profile,  as  a  notable  example,  shows  a 
consistent  decrease  in  base-exchange  capacity  with  increasing  depth. 
The  Muskingum  soil  is  a  shallow  podzolic  soil  grading  down  rapidly 
into  weathered  rock  at  slight  depths.  The  base-exchange  capacities 
of  this  soil  evidently  reflect  a  degree  of  weathering  not  indicated  by 
the  silica-alumina  ratios. 

The  organic  matter  extracted  from  various  colloids  has  a  mean 
base-exchange  capacity  of  362  milliequivalents  per  100  g  on  an 
ash-free  basis.  The  importance  that  should  be  attached  to  this  fig- 
ure is  somewhat  doubtful,  because  the  samples  of  material  available 
for  the  determinations  were  small  and  in  some  cases  were  undoubt- 
edly contaminated  by  chloride.  Traces  of  chloride  not  removed  by 
electrodialysis  of  the  colloid  were  unavoidably  concentrated  in  these 
small  samples  of  organic  matter.  However,  a  check  on  this  mean 
figure  for  organic  matter  was  obtained  by  electrodialyzing  samples 
of  Colby  and  Cecil  soil,  avoiding  the  use  of  hydrochloric  acid  as 
an  extraction  agent.  Larger  samples  of  organic  matter,  free  from 
chlorides,  were  obtained  by  extracting  these  dialized  soils  with 
ammonia.  Base-exchange  capacities  were  then  determined  on  these 
samples.  The  results  or  these  determinations  were,  respectively,  326 
and  337  milliequivalents  per  100  g.  In  magnitude,  therefore,  the 
mean  figure  obtained  from  determinations  on  the  colloid  organic  mat- 
ter is  essentially  correct.  Williams  (19),  in  a  series  of  experiments 
in  which  the  base-exchange  capacities  of  the  inorganic  colloid  were 
maintained  as  a  constant  by  excess  calcium  carbonate,  found  the  fol- 
lowing formulas  to  be  applicable : 

B  =  0.57/i~+  6.36^0 
B  =  0.57K+±MCT 

The  relationship  between  total  exchangeable  bases  (B),  clay  (K), 
and  oxidizable  carbon  (G0)  indicates  a  base-exchange  capacity  for 
oxidizable  soil  organic  matter  of  365  milliequivalents  per  100  g. 
This  figure  is  obtained  by  dividing  the  constant  for  oxidizable  car- 
bon by  the  conversion  factor  1.724  and  multiplying  by  100.  If  it 
were  allowable  to  assume  accuracy  of  this  conversion  factor,  the 
comparison  between  the  base-exchange  capacity  of  oxidizable  organic 
matter  and  ammonia-extracted  organic  matter  would  be  particularly 
fine.  Unfortunately,  the  correlation  is  better  than  the  method  by 
which  it  is  obtained. 
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The  base-exchange  capacity  of  the  total  organic  matter  calculated 
in  a  similar  manner  from  the  constant  4.55,  for  total  carbon  (CT), 
gives  a  value  of  264  milliequivalents  per  100  g.  Since  it  has  been 
shown  by  Anderson  and  Byers  (1)  that  the  base-exchange  capacities 
of  mixtures  of  organic  and  inorganic  colloids  are  not  simple  additive 
functions  and  also  because  of  the  known  inherent  inaccuracy  of  the 
factor  1.724,  it  ought  not  to  be  expected  that  the  value  so  reached 
should  represent  the  true  base-exchange  capacity  of  organic  matter. 

If  we  calculate  the  base-exchange  capacity  of  the  organic  matter 
of  a  colloid  from  the  capacities  of  the  organic-bearing  and  organic- 
free  colloid,  the  results  so  obtained  are  subject  to  the  same  criticisms 
as  those  mentioned.  Nevertheless,  these  calculations  were  made  for 
each  of  the  surface  soil  colloids.  The  results,  not  tabulated,  show  a 
maximum  value  for  the  Nacogdoches  organic  colloid  of  426  milli- 
equivalents per  100  g  and  a  minimum  of  145  milliequivalents  for  the 
organic  matter  of  the  Clinton  colloid.  The  mean  value  for  the  11 
surface  soil  colloids  is  245  milliequivalents  per  100  g.  This  mean 
is  a  reasonable  approach  to  the  value  264  calculated  from  the  Rice 
Williams  formula.  It  is  difficult  to  account  for  this  double  correla- 
tion as  a  matter  of  coincidence.  It  is  even  more  difficult  to  claim 
general  validity  for  the  formulas,  especially  in  view  of  the  varying 
base-exchange  capacities  shown  for  the  organic  colloids,  as  a  means  of 
calculation  of  the  base-holding  capacities  of  organic  matter. 

Attempts  to  calculate  base-exchange  capacities  of  colloids  from 
data  on  the  corresponding  soils,  and  vice  versa,  have  never  been  very 
satisfactory.  Unquestionably,  the  arguments  advanced  by  Anderson 
and  Byers  (1)  in  discussing  the  properties  of  organic  colloids  in 
mixtures  have  a  direct  bearing  on  this  problem,  and  need  not  be 
repeated  here.  What  seems  to  be  a  far  more  potent  disturbing 
influence,  as  far  as  soils  and  colloids  are  concerned,  is  the  fact  that 
inorganic  and  organic  colloids  are  not  removed  in  their  normal  ratio 
when  an  extraction  of  the  colloidal  material  is  made.  For  illustra- 
tion, the  data  reported  in  this  bulletin  on  the  Shelby  and  Cecil  soils 
may  be  compared  to  the  corresponding  colloid  data.  The  percent- 
ages of  colloid  by  water-vapor  absorption  and  the  percentages  of 
organic  matter  involved,  are  obtained  from  a  former  publication 
(10).  The  Shelby  soil  containing  organic  matter  has  a  base- 
exchange  capacity  of  19.7  milliequivalents  per  100  g.  Its  colloid 
content  is  23.1  percent.  Assuming  the  base-exchange  capacity  of  the 
soil  to  be  wholly  due  to  this  percentage  of  colloid,  then  by  calculation 
the  base-exchange  capacity  of  the  colloid  should  be  85.3  milliequiva- 
lents per  100  g.  But  by  actual  determination  it  is  only  62.5  milli- 
equivalents per  100  g.  On  the  other  hand,  the  colloid  contains  5.96 
percent  organic  matter,  which  should  make  the  organic  matter  of  the 
soil  equal  to  1.37  percent,  on  the  assumption  that  the  organic  matter 
is  extracted  in  the  same  proportion  as  is  the  inorganic  colloid.  Ac- 
tual determination  shows  the  organic  matter  of  the  soil  to  be  3.23 
percent.  Because  the  soil  contains  proportionately  more  organic 
matter  than  the  colloid,  base-exchange  capacities  on  the  colloid, 
figured  from  the  soil  data,  must  be  too  high,  as  is  shown  to  be  the 
case. 

Confirmation  of  the  reasonableness  of  this  point  of  view  is  found 
in  an  examination  of  the  data  for  the  "  organic-free  "  materials.    On 
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this  basis  the  Shelby  soil  has  a  base-exchange  capacity  of  12.2  milli- 
equivalents  per  100  g.  The  base-exchange  capacity  of  the  inorganic 
colloid  should  therefore  be  52.8  milliequivalents  per  100  g.  By  actual 
determination,  49.5  is  the  correct  value.  The  agreement  is  sufficiently 
close  to  show  that  when  the  effect  of  disproportionate  percentages  of 
organic  matter  is  eliminated,  base-exchange  data  on  soils  can  be 
transposed  to  base-exchange  data  on  colloids.  Similar  data  and  the 
same  conclusions  are  obtained  from  an  examination  of  the  Cecil 
colloid-soil  data. 

SUMMARY  AND  CONCLUSIONS 

The  work  here  reported  is  a  part  of  a  wide  investigation  of  the 
various  horizons  of  the  soils  and  colloids  of  the  erosion  experiment 
stations.  The  immediate  subject  is  concerned  with  the  soluble  ma- 
terials produced  by  treatment  of  the  colloids  of  the  various  horizons 
with  twentieth-normal  hydrochloric  acid  and  with  the  base-exchange 
properties  of  the  residual  material  and  of  the  soil  organic  matter. 

Analyses  of  the  extracted  material  show  not  only  the  exchangeable 
ions  but  all  the  constituents  normally  reported  for  soils  and  colloids. 
The  quantities  of  silica,  alumina,  and  iron  oxide  dissolved  by  the 
acid  are  reported,  and  their  significance  is  discussed.  The  quantities 
of  titanium,  sulphur,  and  phosphorus  are  not  reported,  but  their 
relationships  are  discussed. 

It  is  shown  that  silica,  alumina,  and  iron  oxide  are  extracted  from 
the  colloids  in  ratios  markedly  different  from  their  relative  amounts 
in  the  original  material  and  particularly  that  lateritic  soils,  though 
high  in  iron  content,  yield  essentially  no  soluble  iron.  The  inference 
is  drawn  that  in  grassland  soils,  particularly,  free  soluble  silica  is 
present  in  the  surface  horizons. 

The  quantities  of  the  exchangeable  bases,  including  manganese, 
vary  widely  with  the  character  of  the  soils  from  which  the  colloids 
were  extracted.  The  proportions  of  the  different  bases  vary  with 
the  character  of  the  soil  and  often  vary  within  a  particular  profile. 

The  base-exchange  capacities  of  the  colloids  are  determined  after 
acid  extraction  and  subsequent  electrodialysis  by  treating  with  half- 
normal  ammonium  hydroxide,  drying,  and  determination  of  the  am- 
monia after  distillation  with  magnesium  oxide.  There  is,  in  most 
cases,  a  fairly  definite  relation  between  the  total  exchangeable  bases 
and  the  base-exchange  capacity  and  the  silica-sesquioxide  ratio. 

A  large  part  of  the  organic  material  of  the  colloids  is  extracted  by 
ammonia,  and  the  base-exchange  capacity  is  determined  on  the  ma- 
terial extracted  as  well  as  on  the  organic-free  colloids.  The  organic 
colloids  have  very  high  base-exchange  capacities  as  compared  with 
the  organic-free  colloid.  The  fact  is  pointed  out  that  organic  matter 
in  colloids  is  present  in  altered  ratio  as  compared  with  the  corre- 
sponding soils. 

The  total  exchange  base  content  of  the  colloids  of  the  11  soil 
profiles  examined  ranges  from  a  minimum  of  4.2  milliequivalents 
per  100  g  in  the  C  horizon  of  Cecil  sandy  clay  loam  to  144.6  milli- 
equivalents in  the  subsoil  of  Houston  clay.  The  base-exchange  ca- 
pacities of  the  colloids  are,  as  a  rule,  greatest  for  the  A  horizons  in 
all  profiles  when  the  organic  matter  is  present,  but  when  the  organic 
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matter  is  removed  the  base-exchange  capacities  show  uniformity  to 
a  striking-  degree  in  each  profile.  This  uniformity  is  not  shown  by 
the  slightly  weathered  profile  of  Muskingum  silt  loam.  The  values 
range  from  9.7  milliequivalents  for  the  Cecil  C  horizon  to  a  maxi- 
mum of  88.1  for  the  subsoil  of  Houston  clay. 

By  contrast,  the  values  obtained  for  the  base-exchange  capacity 
of  the  ammonia-soluble  organic  matter  show  a  range  of  but  324  for 
Clinton  silt  loam  to  394  for  Vernon  fine  sandy  loam. 
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INTRODUCTION 

Exeristes  roborator  (Fab.)  (fig.  1)  is  an  ichneumonid  parasite  that 
develops  externally  on  its  host.  It  was  found  to  be  associated  with 
the  European  corn  borer  (Pyrausta  nubUcdis  Hbn.)  in  France  early 
in  the  investigations  initiated  by  the  Bureau  of  Entomology  to  study 
the  parasite  complex  of  this  insect  pest  in  its  native  home,  and  subse- 
quent extensive  field  observations  (<?,  4)2  have  shown  it  to  be  fairly 
generally  distributed  throughout  Europe.  Thompson  and  Parker 
(tf,  p.  3Jf.)  report,  however,  that  "  it  is  found  most  frequently  in  the 
southern  part  of  the  Continent." 

The  fact  that  it  was  among  the  first  of  the  parasites  found  attacking 
the  borer  led  to  its  importation  and  subsequent  liberation  in  all  the 
principal  infested  areas  in  the  United  States.  In  order  to  accomplish 
this  distribution,  extensive  breeding  was  necessary,  and  during  the 
course  of  this  work  an  opportunity  was  presented  to  study  the  biology 


1  The  observations  recorded  in  this  bulletin  were  made  in  connection  with  the  para- 
site project  of  the  European  corn-borer  investigations,  D.  W.  Jones,  in  charge.  The 
writers  acknowledge  the  timely  suggestions  of  D  J.  Caffrey  throughout  the  investigations 
and  the  preparation  of  the  manuscript,  Philip  Luginbill's  criticisms  of  the  manuscript 
and  preparation  of  photographic  illustrations,  H.  L.  Parker's  comments  on  the  status 
of  the  parasite  in  Europe,  and  the  assistance  of  the  various  members  of  the  staff  in  the 
accumulation  of  the  laboratory  and  field  data.  Esther  H.  Hart  made  the  drawing  for 
fig.  1. 

2  Italic  numbers  in  parenthesis  refer  to   Literature  Cited,   p.  25. 
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of  the  parasite  under  controlled  laboratory  conditions,  its  reaction  to 
meteorological  influences,  and  its  seasonal  synchronization  with  its 
host  under  controlled  field-plat  conditions,  particularly  in  that  part 


Figure  1. — Exeristes  roborator,  adult  female  and  details. 

of  the  one-generation  area  in  the  vicinity   of  Lake  Erie.     These 
studies  were  made  principally  at  Monroe,  Mich. 

LABORATORY  STUDIES 

In  developing  a  laboratory  technic  by  which  large  numbers  of 
adults  might  be  produced,  a  study  was  made  of  the  reactions  of  the 
parasite  to  the  various  artificial  conditions  imposed  by  a  laboratory 
environment.  Principal  among  these  were  reactions  to  temperature 
and  moisture. 
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REACTIONS    TO    TEMPERATURE    AND    MOISTURE 

Experiments  to  determine  the  effect  of  variations  in  temperature 
and  moisture  on  the  reactions  of  the  parasite  were  divided  into  three 
groups:  (1)  The  effect  on  the  incubation  of  eggs;  (2)  the  effect  on  the 
development  between  hatching  of  the  eggs  and  emergence  of  the 
adults;  and  (3)  the  effect  on  reactions  of  adults. 

INCUBATION    OF    EGGS 

Three  experiments  were  conducted  to  determine  the  percentage  of 
hatch  and  the  length  of  the  incubation  period  when  eggs  were 
exposed  to  various  temperatures  and  humidities. 

In  the  first  experiment  a  constant  temperature  of  80°  F.  and  humid- 
ities ranging  from  40  to  100  percent  in  5  percent  intervals  were  main- 
tained. The  results  are  presented  in  table  1.  There  is  a  noticeable 
increase  in  the  percentage  of  hatch  as  the  relative  humidity  increases 
from  40  to  60  percent,  but  beyond  this  point  little  difference  is  noted. 
There  is  also  a  slight  acceleration  of  incubation  as  the  relative  humid- 
ity increases. 

Table  1. — Incubation  of  Exerlstes  roborator  eggs  at  a  constant   temperature 
(80°  F.)    and  varying  relative  humidity 


Relative  hu- 
midity (percent) 

Eggs 

Hatch 

Average  in- 
cubation 
period 

Relative  humid- 
ity (percent) 

Eggs 

Hatch 

Average 

incubation 

period 

40 

Number 
190 
50 
100 
100 
50 
50 
100 

Percent 
60 
68 
80 
83 
88 
90 
92 

Hours 
30 

29+ 
28 
28 
28 

28 

75 

Number 
50 
100 
100 
50 
50 
50 

Percent 
90 
92 
91 
88 
90 
85 

Hours 
27 

45 

80 

27H 

50 

85 

90 

27+ 

55 

27 

60 

95 

28 

65 

100 

28 

70 

In  a  second  experiment  the  relative  humidity  was  constant  at  70 
percent  and  the  temperature  ranged  from  45°  to  110°  F.  in  5° 
intervals.  The  results  are  shown  in  table  2.  A  general  increase  in 
the  percentage  of  hatch  takes  place  throughout  the  temperature 
range  from  45°  to  80°,  but  at  85°  a  decrease  in  hatch  begins  and  at 
110°  there  is  practically  total  mortality.  A  similar  general  effect 
is  shown  in  the  acceleration  of  incubation,  although  in  inverse  ratio. 
The  length  of  the  period  is  perceptibly  shortened  as  the  temperature 
is  raised  from  45°  to  95°,  but  above  95°  there  is  a  slight  increase. 

Table  2. — Incubation  of  Exerlstes  roborator  eggs  at  a  constant  relative  humidity 
(70  percent)   and  varying  temperature 


Temperature 

(°F.) 

Eggs 

Hatch 

Average 

incubation 

period 

Temperature 

(°F.) 

Eggs 

Hatch 

Average 

incubation 

period 

45 

Number 
200 
50 
50 
50 
50 
100 
50 

Percent 
1 

10 
40 
58 
70 
84 
92 

Hours 
295 
175 
104 
58 
48 
36 
30 

80 

Number 
100 
50 
50 
100 
50 
50 
50 

Percent 
92 
90 
88 
80 
68 
40 
2 

Hours 
27 

50 

85 

90 

24 

55 

22^ 

60 

95 

21 

65 

100 

22 

70 

105 

23 

75 

110 

24^ 
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A  comparison  of  tables  1  and  2  shows  that  temperature  variations 
exert  a  far  greater  influence  on  incubation  of  Exeristes  rohorator 
eggs  than  do  humidity  variations. 

Nevertheless,  the  necessity  of  changing  moisture  conditions  to  meet 
the  requirements  of  different  temperature  influences  apparently 
represented  a  critical  phase  in  the  rearing  of  the  insect.  The  effect 
of  different  combinations  of  temperature  and  humidity  within  the 
range  of  practical  working  conditions  is  shown  in  table  3.  It  will 
be  noted  that  at  each  temperature  the  percentage  of  hatch,  and  also, 
in  lesser  degree,  the  rate  of  incubation,  tends  to  increase  as  the  rela- 
tive humidity  is  increased. 


Table  3. 

—Incubation  of  Exeristes  rohorator  eggs  at  varying  relative  humidity 
and  varying  temperature 

Tempera- 
ture (°  F.) 

Relative 
humidity 

Eggs 

Hatch 

Average 

incubation 

period 

Tempera- 
ture (°  F.) 

Relative 
humidity 

Eges 

Hatch 

Average 

incubation 

period 

45 

Percent 
/           45 
I           95 
f            55 
[           70 
I            95 

Number 
200 
50 
50 
50 
50 

Percent 

0 

4 

80 

92 

94 

Hours 
0) 
277 
33 

30^ 
31 

95 

Percent 
[           45 

65 
\            70 

75 
I            85 

Number 
50 
50 

100 
50 

100 

Percent 
24 
84 
81 
84 
81 

Hours 
2VA 

75 

22y2 

22V2 

22y2 

21 

No  hatch. 


In  general,  the  incubation  of  eggs  of  Exeristes  rohorator  is  con- 
trolled rather  definitely  by  temperature  and  relative  humidity,  the 
most  favorable  conditions  being  temperatures  between  78°  and  85°  F. 
accompanied  by  relative  humidities  between  70  and  80  percent. 

DEVELOPMENT  FROM    EGG   TO   ADULT 

The  percentage  of  larval  survival  and  the  length  of  the  period 
from  hatching  to  issuance  of  the  adult  were  utilized  as  indices  to 
the  parasite's  reaction  to  variations  in  temperature  and  moisture 
during  this  period.  Following  numerous  preliminary  observations 
that  indicated  an  environment  of  80°  F.  and  70  percent  relative 
humidity  to  be  suitable  for  this  period  of  development,  experiments 
were  conducted  to  determine  the  effects  of  temperature  and  moisture 
variations  on  the  percentage  of  larval  survival  and  the  rate  of  larval 
development.     The  results  of  these  experiments  are  given  in  table  4. 

Table  4. — Survival  and  development  of  Exeristes  rohorator  larvae  when  sub- 
jected to  different  temperature  and  moisture  conditions1 


Temperature 
(°F.) 

Survival  at  a  relative  humidity  of— 

Length  of  developmental  period  at  a  relative 
humidity  of— 

45  percent 

70  percent 

85  percent 

100  percent 

45  percent 

70  percent 

85  percent 

100  percent 

63 

Percent 
20 
20 

Percent 
46 

Percent 

Percent 
34 

Days 
35.0 
28.2 

Days 
30.7 

Days 

Days 
34  0 

70 

75-.- 

57 
70 
68 

48 
65 
56 

30 
36 
40 

20.6 
16.8 
15.4 

19.0 
17.0 
16.2 

19  8 

80 

13 
8 
0 
0 

26.0 

26.3 

.0 

.0 

18.0 

85-.- 

16.8 

90--- 

95 

40 
10 
0 

18.7 

23.6 

.0 

100 

54 

20 

17.5 

17.0 

105 

1 100  individuals  utilized  to  obtain  averages  at  each  condition. 
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Survival  was  highest  in  an  environment  of  TO  percent  relative 
humidity  and  temperatures  between  80°  and  85°  F.,  and  the  same 
environment  also  produced  the  shortest  developmental  period.  Mois- 
ture, however,  has  a  greater  effect  on  the  percentage  of  survival  than 
it  does  on  longevity,  whereas  the  response  to  temperature  variations 
is  more  rapid  in  rate  of  development  than  in  percentage  of  individ- 
uals successfully  completing  their  development.  It  is  the  opinion  of 
the  writers  that,  while  the  effect  is  more  obscured  than  in  the  incuba- 
tion period,  higher  temperatures  should  be  accompanied  by  increased 
humidities,  probably  to  counteract  the  increased  tendency  to  evapora- 
tion. It  will  be  noted  that  complete  mortality  occurred  in  the  45 
percent  humidity  when  the  temperature  was  90°,  but  that  this  did  not 
obtain  in  the  70  percent  humidity  until  the  temperature  was  raised 
to  105°. 

ADULT  ACTIVITY 

Although  temperature  and  moisture  changes  definitely  influence  all 
phases  of  adult  activity,  such  as  movement,  feeding,  mating,  and 
oviposition,  only  temperature  changes  result  in  pronounced  varia- 
tions in  these  activities.  Moreover,  it  is  only  in  extremes  of  tempera- 
ture (below  50°  and  above  90°  F.)  that  this  factor  tends  seriously  to 
restrict  normal  adult  activities.  The  effects  of  varying  temperatures 
and  humidities  on  the  length  of  adult  life  and  on  reproduction  are, 
however,  quite  evident.  The  effect  on  longevity  and  reproduction  of 
relative  humidities  of  45,  70,  and  85  percent  and  temperatures  rang- 
ing from  60°  to  100°  in  5°  intervals  is  shown  in  table  5.  As  was 
evident  in  incubation  and  larval  development,  80°  and  a  relative 
humidity  of  70  percent  again  approach  very  closely  to  the  optimum 
conditions  for  adult  activity. 

Table  5. — Length  of  adult  life  and  oviposition  of  Exeristes  roborator  when 
subjected  to  different  temperature  and  moisture  conditions  ' 


Length  of  adult  life  at  a 
relative  humidity  of— 

Average  number  of  eggs  deposited  by  1  female 
at  a  relative  humidity  of— 

Temperature  (°F.) 

45  per- 
cent 

70  per- 
cent 

85  per- 
cent 

45  percent 

70  percent 

85  percent 

Daily 

Total 

Daily 

Total 

Daily 

Total 

60  .              

Days 
12 
14 
28 
28 
25 
20 
8 
4 
2 

Days 
25 
31 
39 
38 
39 
37 
12 
6 
2 

Days 
20 
23 
24 
38 
30 
32 
28 
12 
5 

Number 
1 
1 
2 
6 
5 
5 
2 

Number 

12 

14 

56 

168 

125 

100 

16 

0 

0 

Number 
1 
2 
3 
5 
11 
14 
9 
4 
2 

Number 

25 

62 

117 

190 

440 

504 

108 

24 

4 

Number 

1 

1 

6 

7 

12 

12 

11 

6 

1 

Number 
20 

65              

23 

70  .          

144 

75  .           

266 

80—            

360 

85.—        

384 

90 

208 

95 

72 

100  . 

0 

5 

1  10  individuals  utilized  to  obtain  averages  at  each  condition. 


THE   LARVAL   DIAPAUSE 


The  requirement  of  Exeristes  roborator  for  a  resting  period  in  its 
larval  development  has  occasioned  extensive  observations  in  an  effort 
to  determine  some  of  the  causative  factors.  Seasonal  influences  have 
been  studied,  the  type  and  quantity  of  food  have  been  varied,  and  en- 
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vironments  have  been  changed  by  manipulation  of  temperature  and 
humidity.  All  these  factors  doubtless  influence  the  tendency  of 
the  species  to  undergo  a  diapause.  Observations  on  several  genera- 
tions of  progeny  of  parents  that  had  passed  through  the  diapause, 
and  of  those  that  had  not,  failed  to  produce  any  evidence  that  hered- 
ity is  involved.  In  all  these  investigations  the  results  have  been 
variable,  and  in  many  instances  the  variation  between  replications 
has  exceeded  variations  between  experiments  too  greatly  to  permit 
any  definite  conclusions  to  be  drawn.  This  variability  in  the  occur- 
rence of  the  diapause  among  progeny  of  the  same  group  of  females 
that  had  received  the  same  laboratory  manipulation  and  developed 
under  the  same  conditions  is  shown  in  table  6. 


Table  6. — Occurrence  of  the  diapause  in  different  progeny  of  a  group  of  Exer- 
istes  roborator  females  that  received  the  same  laboratory  manipulation  and 
developed  under  the  same  conditions  except  for  date  of  oviposition 


Date  of  oviposition 

Individuals 
observed 

Individuals 
in  diapause  ' 

Date  of  oviposition 

Individuals 
observed 

Individuals 
in  diapause  J 

1931 
Jan  19 

Number 
17 
59 

Percent 
58.8 
58.1 

1931 
Jan.  21 

Number 
34 
14 

Percent 
94.1 

Jan.  22 

50.0 

i  Individuals  were  considered  in  diapause  if  no  perceptible  development  could  be  observed  during  a 
30-day  period  of  exposure  to  a  constant  temperature  of  80°  F.  and  a  constant  relative  humidity  of  70  percent 
immediately  following  the  formation  of  the  cocoon. 

It  has  been  observed  that  almost  any  conditions  adverse  to  normal 
development,  such  as  restriction  of  food  or  changes  of  temperature 
and  humidity  from  a  favorable  to  an  unfavorable  condition,  tend 
to  cause  some  individuals  to  pass  into  a  diapause.  The  recurrence 
of  the  diapause  almost  every  year  from  November  to  March,  as  shown 
in  table  7,  is  still  unexplained.  It  seems  to  have  no  relation  to  the 
number  of  generations  that  have  intervened  since  the  last  diapause, 
and  in  some  instances  individuals  or  groups  of  individuals  develop 
to  adults  when  90  percent  or  more  of  others  exposed  to  the  same 
conditions  will  mature  only  after  a  resting  period. 

Table  7. — The  seasonal  recurrence  of  the  diapause  in  Exeristes  roborator  larvae x 


Year  and  month 

Individuals 
observed 

Individuals 
in  diapause 

Year  and  month 

Individuals 
observed 

Individuals 
in  diapause 

1928 

Number 
7,943 
7,621 
25, 016 
29,343 
2,689 
1,000 
1,000 

1,200 
10,  740 
12,  350 
25,  690 

Percent 

2 
1 
1 
1 
1 
40 
40 

20 
23 

28 
58 

1930 
March ...  

Number 
4,367 
21,  537 
14,  698 
2,400 

12,000 
4,912 

Percent 

78 

July 

April..  .. 

14 

May. ....     ...  .-.. 

21 

December . 

25 

October 

1931 

November 

20 

79 

1929 

February. 

March—      

April 

All  material  was  exposed  to  80°  F.  and  70  percent  relative  humidity  throughout  the  observations. 
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The  conditions  obtaining  during  this  resting  period  exert  a  strong 
influence  on  both  the  rate  of  response  and  the  eventual  mortality 
of  the  individuals.  A  group  of  larvae  in  diapause  were  kept  in 
an  environment  of  80°  F.  and  TO  percent  humidity  until  they  either 
died  or  resumed  development  and  became  adults.  Examinations 
at  10-day  intervals,  the  first  being  made  10  days  after  the  group  had 
been  determined  in  diapause,  showed  a  very  slow  resumption  of 
normal  development  and  a  mortality  that  increased  gradually  from 
2  to  40  percent  (table  8). 

Table  8. — Emergence  and  mortality  of  Exeristes  roborator  larvae  in-  diapause, 
when  reared  at  80°  F.  and  10  percent  relative  humidity1 


Time  after  determined 
in  diapause  (days) 

Emer- 
gence 

Larvae 
remain- 
ing in 
diapause 

Mortal- 
ity 

Time  after  determined 
in  diapause  (days) 

Emer- 
gence 

Larvae 
remain- 
ing in 
diapause 

Mortal- 
ity 

10 

Percent 
2 
4 
4 
6 
6 

Percent 
96 
92 
88 
86 
84 

Percent 
2 
4 
8 
8 
10 

60 -.- 

Percent 
8 
12 
14 
22 
60 

Percent 
82 
76 
74 
60 
0 

Percent 
10 

20 

70 

12 

30 

80    - 

12 

40 

90     . 

18 

50 

100  . 

40 

1 100  individuals  were  utilized  in  this  experiment. 

Another  group  of  larvae  in  diapause  were  placed  in  storage  at 
33°-35°  F.  and  70  percent  relative  humidity.  Portions  of  this  group 
were  removed  at  10-day  intervals  up  to  90  days  and  subsequently  at 
longer  intervals,  and  then  subjected  to  developmental  conditions 
(80°  and  70  percent  humidity)  for  30  days.  The  response  of  these 
individuals  is  shown  in  table  9.  Complete  elimination  of  the  tend- 
ency to  remain  in  a  diapause  is  noted  after  70  days'  storage,  and 
there  was  a  gradual  increase  in  emergence  as  the  length  of  time  in 
storage  increased  up  to  this  point.  The  emergence  occurred  within 
30  days  of  removal  from  storage,  and  all  individuals  that  had  not 
responded  at  the  end  of  this  period  were  considered  as  still  in 
diapause. 

Table  9. — Emergence  and  mortality  of  Exeristes.  roborator  larvae  in  diapause, 
when  subjected  to  varying  periods  of  storage  at  33°-35°  F.  and  70  percent 
relative  humidity,  followed  by  30-day  exposures  to  80°  and  10  percent  relative 
humidity 1 


Time  in  storage 
(days) 

Emer- 
gence 

Larvae 
remain- 
ing in 
diapause 

Mortal- 
ity 

Time  in  storage 
(days) 

Emer- 
gence 

Larvae 
remain- 
ing in 
diapause 

Mortal- 
ity 

0 

Percent 

2 

4 

5 

12 

20 

48 

64 

Percent 
96 
94 
93 
88 
80 
50 
36 

Percent 
2 
2 
2 
0 
0 
2 
0 

70 

Percent 
80 
100 
92 
94 
92 
88 

Percent 
16 
0 
2 
0 
0 
0 

Percent 
4 
0 
6 
6 
8 
12 

10 

80 

20 

90 

30 

180 

40 

365 

50 

540 

60 

1 100  individuals  were  utilized  in  each  series. 
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Other  attempts  to  break  the  diapause  of  this  insect  have  met  with 
little  success.  Subjecting  the  material  in  diapause  to  a  higher  tem- 
perature than  that  at  which  the  condition  was  produced  merely 
tended  to  increase  the  total  mortality  and  the  rate  at  which  it  oc- 
curred. Subjecting  the  individuals  to  severe  shocks,  such  as  holding 
them  in  a  17°  F.  environment  for  24  hours  and  then  immediately 
submerging  them  in  water  at  120°  for  2  minutes,  caused  some  re- 
sumption of  development.  Except  where  long  exposures  to  low 
temperatures  were  provided,  however,  the  mortality  was  too  great 
to  permit  the  successful  application  of  any  measure  to  break  up  the 
diapause  period. 

HABITS   AND   ACTIVITY 

The  life  cycle  of  Exeristes  rob  orator  as  determined  in  the  labora- 
tory cannot  be  used  in  interpreting  the  parasite's  responses  under 
natural  conditions,  because  the  influences  involved  in  its  develop- 
ment are  not  the  same  in  both  cases.  The  major  factors  affecting  the 
life  cycle  have  already  been  discussed,  and  the  following  presentation 
of  the  reactions  of  the  parasite  in  the  various  stages  of  its  cycle 
will  supply  the  information  essential  to  an  understanding  of  the 
development  of  E.  rob  orator  in  the  laboratory. 


The  entire  larval  life  of  Exeristes  roborator  is  spent  in  close 
proximity  to  its  host,  all  feeding  and  development  occurring  ex- 
ternally. As  soon  as  the  young  larva  has  cut  its  way  through  the 
chorion  of  the  egg  (pi.  1,  A ;  pi.  2,  F) ,  it  crawls  about  over  the  host, 
feeding  at  different  places.  To  obtain  food  the  larva  presses  its 
mouth  against  the  borer,  usually  at  some  tender  part  of  the  cuticle 
such  as  the  intersegmental  skin,  and  with  the  mandibles  cuts  through 
the  cuticle,  holding  the  mouth  firmly  attached  to  the  borer.  The 
first-instar  larva  (pi.  1,  B)  feeds  little,  if  at  all,  on  solid  food,  de- 
pending for  its  nourishment  on  the  blood  of  the  host,  which  it 
extracts  by  a  sucking  process.  The  second-instar  (pi.  1,  C)  larva 
feeds  in  the  same  manner,  and  not  until  the  third-instar  (pi.  1,  D) 
is  reached  is  feeding  on  the  fat  content  of  the  host  noted.  The 
fourth-instar  larva  (pi.  2,  A)  consumes  more  of  the  body  content 
of  the  host  and  eats  freely  of  the  fatty  tissue.  The  fifth-instar 
larva  (pi.  2,  B)  finishes  consumption  of  the  host,  leaving  only  its 
head,  outer  cuticle,  and  other  more  solid  portions. 

When  it  is  fully  fed,  the  larva  rests  for  20  to  36  hours.  It  then 
spins  a  cocoon  of  loosely  woven  silk,  which  finally  assumes  a  parch- 
mentlike texture  following  the  exudation  of  a  viscous  fluid  which 
the  larva  deposits  on  the  silk  strands.  After  the  larva  has  spent 
from  36  to  72  hours  in  the  cocoon,  the  prepupal  stage  (pi.  2,  G) 
becomes  evident.  Before  the  pupal  molt  takes  place,  however,  some 
of  the  semiliquid  meconium  is  deposited  as  15  to  50  small  pellets. 

PUPA 

Following  the  prepupal  stage  from  5  to  7  days  is  spent  in  the 
pupal  stage  (pi.  2,  D  and  E).     During  this  stage  there  is  usually 
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PLATE    1 
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Immature  stages  of  Exeristes  roborator  on  Pyrausta  nitbilalis  larvae  in  situ:  A,  Egg;  B,  first-instar  larva; 
C,  second-instar  larva;  D,  third-instar  larva.    X3J4. 
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PLATE  2 


Immature  stages  of   Exeristes  roborator:  A,  Fourth-instar  larva;  B,  fifth-instar  larva;   C,  prepupa; 
D,  male  pupa;  E,  female  pupa;  F,  eggs.    X3K>- 
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considerable  movement  within  the  cocoon.  The  insects  go  through 
many  contortions,  revolving,  bending,  and  pivoting  on  each  end  for 
hours  at  a  time. 


When  ready  to  emerge,  the  adult  cuts  a  ragged  hole  in  the  cocoon, 
much  larger  than  is  necessary,  and  crawls  through.  Usually  the 
first  act  after  emergence  is  to  void  from  one  to  several  drops  of 
yellow  meconium.  It  then  cleans  its  appendages  by  stroking  one 
over  the  other  and  straightens  out  any  portion  that  may  be  crooked. 
The  grooming  complete,  the  adult  seeks  food  and  water,  of  which  it 
takes  small  quantities  at  irregular  intervals  during  the  first  few  days. 

The  time  of  mating  depends  on  the  sex.  The  males  make  no 
attempt  to  mate  during  the  first  12  hours  after  emergence,  and  only 
rarely  until  after  24  hours.  They  usually  become  aggressive  in 
from  36  to  48  hours  and  continue  so  until  shortly  before  death.  The 
longevity  of  a  male  is  inversely  proportional  to  the  frequency  of 
mating. 

In  the  case  of  the  female,  however,  mating  may  occur  immediately 
upon  emergence  or  at  any  time  during  the  first  72  hours  of  adult 
life.  Females  usually  mate  several  times  when  associated  with  males 
during  this  period,  but  when  72  to  96  hours  have  passed,  or  oviposi- 
tion  has  begun,  mating  is  restricted  to  females  that  have  not  pre- 
viously mated,  and  such  females  mate  only  once.  Although  mating 
of  Exeristes  roborator  is  dependent  upon  the  age  of  the  male,  there 
is  little  difficulty  in  obtaining  satisfactory  mating  under  laboratory 
conditions.  The  male  emerges  1  or  2  days  earlier  than  the  female 
and  becomes  sexually  mature  in  12  to  48  hours,  thus  synchronizing 
with  the  delayed  emergence  of  the  female. 

The  female  always  oviposits  on  borers  that  are  concealed  as  they 
are  usually  found  in  cornstalks.  She  locates  the  host  in  the  stalk 
apparently  through  a  sense  of  smell,  as  often  the  spot  at  which  she 
thrusts  her  ovipositor  is  merely  a  location  where  the  borer  has  been. 
The  act  of  oviposition  in  this  species  requires  from  3  to  5  minutes, 
since  the  female  invariably  paralyzes  the  host  before  depositing  an 
egg  on  it.  When  encountering  a  borer,  she  thrusts  her  ovipositor 
into  its  body,  moves  it  forward  and  backward,  up  and  down,  and 
to  each  side  again  and  again  until  the  borer  ceases  to  move  or 
until  the  instinct  to  kill  the  host  has  been  satisfied.  The  resulting 
paralysis  may  be  either  mechanical  or  a  stupor  produced  by  a  poison 
exuded  from  the  sting,  probably  both.  A  single  thrust  of  the  ovi- 
positor is  sufficient  to  stupefy  the  borer  for  2  or  3  days  and  may  even 
cause  its  death.  The  mechanical  effect  of  inserting  the  ovipositor  or 
a  similar  object  is  also  enough  to  kill  the  borer,  as  has  been  deter- 
mined through  mechanical  paralyzation.  As  soon  as  the  borer  is 
paralyzed  or  killed,  the  female  deposits  an  egg  on  or  near  it. 

Under  laboratory  conditions  the  female  Exeristes  roborator  seems 
to  have  little  preference  either  for  a  specific  host  or  for  a  particular 
instar  when  ovipositing  on  Pyrausta  nubilalis.  Oviposition  has 
occurred  on  all  the  instars  of  the  host  from  the  second  through  the 
full-fed  larva,  but  no  parasites  were  produced  when  oviposition  was 
upon  any  instar  previous  to  the  fifth.  A  female  may  oviposit  many 
times  on  a  borer,  and  several  females  may  oviposit  on  the  same  borer. 

81868°— 34 2 
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The  parasite  seems  to  have  no  means  of  distinguishing  parasitized 
from  unparasitized  borers;  in  fact,  parasitized  borers  were  more 
attractive  in  test  material. 

There  is  considerable  variation  in  the  time  of  day  at  which  ovi- 
position  begins  and  in  the  number  of  eggs  deposited  by  different 
females.  It  is  thought  that  under  natural  conditions  oviposition 
occurs  only  during  the  day.  Light  stimulates  the  female  to  activity, 
provided  the  temperature  and  other  conditions  are  favorable.  There 
is  no  apparent  variation  in  the  response  of  Exeristes  roborator  to 
different  kinds  of  light.  There  are,  however,  differences  that  occur 
over  short  periods  which  may  affect  the  normal  oviposition;  e.g., 
there  is  no  oviposition  for  36  to  48  hours  after  females  are  moved 
from  a  lighted  into  a  totally  dark  environment.  Either  continuous 
light  following  24  hours'  darkness  or  intermittent  light  (12  hours 
dark  and  12  light)  abnormally  increases  oviposition  over  a  period  of 
48  to  72  hours.  Normal  deposition,  however,  is  resumed  in  either 
total  darkness  or  continuous  light  if  the  adults  are  retained  in  either 
for  4  or  more  days. 

Therefore,  artificial  light  stimulates  the  female  to  activity  just 
as  natural  light  does  and,  other  factors  being  equal,  oviposition  occurs 
at  a  similar  rate.  After  oviposition  has  started,  it  proceeds  nor- 
mally subject  to  the  influence  of  temperature  variations,  the  num- 
bers of  eggs  deposited  increasing  as  the  temperature  is  raised  until 
the  maximum  production  is  attained  and  then  decreasing  rapidly. 

The  number  of  eggs  deposited  by  different  females  in  1  day  and 
during  their  entire  life  varies  enormously.  The  reason  for  this 
variation  is  not  known.  However,  since  females  that  are  induced  to 
oviposit  where  no  borers  are  available  for  food  deposit  very  few 
eggs,  it  may  be  assumed  that  oviposition  is  dependent  to  a  certain 
extent  upon  the  presence  of  some  food  other  than  sugar.  On  the 
other  hand,  some  females  are  more  productive  than  others.  This 
may  be  due  to  differences  in  size,  in  available  food,  in  natural  po- 
tential, etc.,  and  is  not  peculiar  to  Exeristes  roborator.  Thus,  in 
the  summer  of  1929  isolated  females  kept  under  field  conditions  de- 
posited from  1  to  9  eggs  per  day  and  the  total  deposition  per  female 
ranged  from  1  to  83.  A  similar  group  of  isolated  females  main- 
tained in  the  laboratory  deposited  a  minimum  of  1  egg  and  a  maxi- 
mum of  40  eggs  per  day,  or  an  average  of  from  1  to  13  per  female, 
and  the  total  deposition  per  female  ranged  from  115  to  679. 

REARING  METHODS 

After  the  practicability  of  rearing  the  parasite  in  the  laboratory 
had  been  ascertained,  a  breeding  technic  was  evolved  by  Thompson 
(5).  It  was  immediately  appreciated  that  the  development  and  re- 
finement of  this  technic  would  provide  a  source  of  adults  for  libera- 
tion purposes  that  would  be  much  more  economical  and  practical  of 
operation  than  continued  importation  of  field-collected  material  (#, 
pp.  8-1  If).  This  technic  has  been  improved  by  the  writers  and  has 
been  utilized  to  supply  practically  all  adults  of  this  specie3  released 
in  the  United  States  and  Canada.  The  various  steps  in  the  technic 
as  it  has  been  utilized  at  the  Monroe,  Mich.,  laboratory  are  presented 
to  indicate  the  possibilities  of  using  such  a  procedure  with  other  in- 
sects of  the  same  type  as  Exeristes  roborator. 
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COLLECTING  ADULTS 


Immature  forms  of  Exeristes  roborator,  obtained  from  developing 
stock  or  from  storage,  are  placed  in  an  emergence  cage  (fig.  2,  A). 
As  the  adults  emerge,  they  are  transferred  to  a  compartment  cage  for 


Figure  2. — A,  Emergence  cage ;  B,  oviposition  cage,  for  Exeristes  roborator. 

oviposition  (fig.  2,  B).  Each  compartment  contains  loaf  sugar  and 
cotton  saturated  with  water  in  addition  to  a  corn  pith  containing 
paralyzed  Pyrausta  nubilalis  larvae.  During  the  first  5  to  7  days 
6  males  and  6  females  are  maintained  in  each  compartment,  the 
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males  to  insure  fertilization  of  any  females  that  did  not  mate  in 
the  emergence  cage.  The  males  are  then  removed,  as  they  tend  to 
interfere  with  normal  female  activity  when  confined  in  cages.  The 
females  that  die  are  replaced  by  living  females,  and  empty  compart- 
ments are  refilled  with  new  males  and  females.  All  compartments 
are  maintained  in  a  sanitary  condition  at  all  times.  The  cotton  is 
moistened  and  both  cotton  and  sugar  are  replaced  when  necessary. 

ARTIFICIAL  PARALYZATION 

As  natural  paralyzation  of  borers  by  Exeristes  roborator  is  im- 
practicable for  quantity  production  of  the  parasite  in  the  laboratory, 
various  methods  of  accomplishing  this  artificially  "were  tested.  The 
method  finally  adopted  consists  of  immersion  of  the  borers  for  10 
minutes  in  water  having  a  temperature  of  exactly  49°  C.  (120.2°  F.). 
Higher  temperatures  or  longer  immersion  tends  to  harden  the  borers 
so  that  they  are  unsuitable  for  feeding  purposes,  and  lower  tempera- 
tures or  shorter  exposures  will  not  paralyze  them.  Clean,  fresh 
water  is  used  each  day,  and  the  container  (fig.  3,  A)  utilized  to  hold 
the  borers  must  also  be  clean.  The  water  in  which  the  container  is 
immersed  must  be  of  sufficient  volume  to  maintain  a  constant  tempera- 
ture when  the  borers  are  placed  in  it.  The  borers  are  scattered  thinly 
over  a  tray  and  allowed  to  dry  (fig.  3,  B).  Borers  having  an  excess 
of  moisture  on  them  are  not  used,  as  they  are  liable  to  develop  rot 
or  become  moldy. 

OVIPOSITION   PITHS 

In  order  to  facilitate  oviposition  and  the  manipulation  of  the  eggs, 
oviposition  piths  are  prepared  by  hollowing  out  sections  of  cornstalks 
on  one  side,  and  covering  the  groove  with  paper  (fig.  4,  A)  held  in 
place  with  rubber  bands.  One  of  these  piths  containing  paralyzed 
borers  in  the  groove  is  placed  in  each  compartment  of  the  oviposition 
cage  (fig.  2,  (7).  Care  must  be  used  to  place  the  pith  firmly  against 
the  glass  front  of  the  compartment  with  the  grooved  surface  up. 
Since  many  eggs  hatch  in  less  than  48  hours  in  the  incubation  envi- 
ronment, the  piths  are  replaced  daily.  This  operation  is  performed 
with  the  glass  front  of  the  cage  facing  the  light. 

CARE  OF  EGGS 

In  order  to  obtain  the  maximum  number  of  parasites  from  available 
eggs,  each  egg  must  be  isolated  on  a  separate  host.  Accordingly,  one 
paralyzed  borer  is  placed  at  the  bottom  of  each  of  as  many  vials  as 
necessary  (fig.  5,  ^L).  For  ease  of  handling,  the  vials  are  placed  in 
racks  (fig.  4,  B)  and  a  number  of  these  racks  are  carried  on  a  tray 
(fig.  4,  G).  After  the  borers  have  been  placed  in  the  vials,  the  para- 
site eggs  are  transferred  from  the  piths  to  a  smooth,  sterilized  sur- 
face. ^  One  egg  is  then  placed  on  each  host  with  a  small  camel's-hair 
brush  (fig.  5,  B).  The  brush  should  be  kept  moistened  with  distilled 
water  while  in  use.  All  the  material  is  then  placed  in  the  incubator 
room  at  80°  F.  and  70  percent  relative  humidity  for  hatching  and 
larval  development. 

CARE    OF   LARVAE 

The  developing  material  requires  no  attention  for  5  dpys,  at  the 
end  of  which  time  the  first  cocoons  appear,  indicating  conclusion  of 
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Figure  3. — A,  Container  for  immersion  of  Pyrausta  nubilalis  larvae  in  water  ;  B,  drying 
paralyzed  P.  nubilalis  larvae. 
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the  larval  period.  Examinations  are  then  made  every  second  day 
and  vials  containing  cocoons  or  dead  parasite  larvae  are  removed 
from  the  racks,  and  the  borers  in  the  remaining  vials  that  are  no 
longer  suitable  food  are  replaced. 

CARE   OF  COCOONS 

The  handling  of  the  cocoons  is  contingent  on  the  purpose  for 
which  they  will  be  used.  If  additional  breeding  stock  is  required 
or  if  a  liberation  program  is  in  progress,  they  are  placed  in  an 
emergence  cage  for  adult  emergence  and  disposition.  If,  on  the 
other  hand,  and  as  is  the  more  usual  circumstance,  the  cocoons  are 
produced  in  the  course  of  breeding  looking  toward  liberations  several 


A 


Figure  4. — A,  Oviposition  piths  in  cornstalks ;  Bf  rack  with  vials ;  C,  tray  with  racks 
and  vials,  for  rearing  Exeristes  roborator. 

months  in  the  future,  they  must  be  treated  with  special  care  to  avoid 
disastrous  mortalities. 


The  problem  of  proper  storage  arises  because  of  the  necessity  of 
synchronizing  liberations  of  the  parasite  with  the  presence  in  the 
field  of  the  host  in  a  suitable  condition  for  parasitization.  The  fact 
that  there  is  only  a  short  period  in  which  synchronized  liberations 
can  be  made  precludes  the  accumulation  of  a  sufficient  quantity  of 
adults  for  liberation  purposes  except  over  a  much  longer  period  of 
laboratory  production.  This  restriction  necessitates  the  emergence  of 
adults,  when  liberation  is  being  accomplished  by  release  of  adults, 
over  a  much  shorter  period  than  is  required  to  bring  the  desired 
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number  of  individuals  up  to  emergence.  A  method  had  to  be  de- 
vised, therefore,  to  induce  varying  degrees  of  delayed  emergence  of 
the  parasite. 

This  has  been  accomplished  by  placing  either  the  pupa  or  the  larva 
when  in  the  diapause  in  cold  storage  at  32°-40°  F.  and  a  relative 
humidity  of  75  to  90  percent.  Temperatures  higher  than  these  were 
found  to  permit  an  undesirable  development,  while  lower  tempera- 
tures caused  malformed  individuals  to  emerge  and  in  some  cases 
increased  the  mortality  of  all  material.  Exeristes  roborator  pupae 
and  larvae  in  diapause  can  be  retained  in  storage  under  these  condi- 
tions for  6  months  with  no  evident  harmful  effect  on  subsequent 
development,  and  larvae  in 
diapause  can  be  kept  as 
long  as  10  months  with  a 
negligible  increase  in  mor- 
tality. 

It  is  important  that  the 
material  be  prepared  prop- 
erly for  cold  storage.  In- 
sulation with  4  to  6  layers 
of  heavy  wrapping  paper 
should  be  provided  to  pre- 
vent evaporation  of  mois- 
ture and  to  regulate  the 
temperature  (fig.  6,  A). 
Exposure  of  the  material  to 
the  storage  environment 
and  the  return  to  develop- 
mental conditions  should  be 
gradual,  with  not  more  than 
a  10°  change  in  temperature 
in  1  day. 

EMERGENCE 


After  the  material  has 
been  removed  from  stor- 
age,   it    is    treated    in    the 


Figure  5. — A,  Filling  rearing  vials  with  Euro- 
pean corn  borers  paralyzed  by  immersion  in 
hot  water ;  B,  transferring  Exeristes  roborator 
eggs  onto  paralyzed  hosts. 


same  way  that  nonstored 
pupae  and  larvae  are  treated ; 
that  is,  it  is  placed  in  an 
emergence  cage  in  the  incubator  room,  and  the  emerging  adults 
pass  from  this  cage  into  the  migration  cage  (figs.  6,  B,  and  7,  A). 
The  adults  are  then  removed  from  the  migration  cage  and  prepared 
for  liberation  in  the  field.  This  preparation  consists  of  dividing  the 
adults  into  colonies,  balancing  the  sex  ratio,  feeding,  watering,  and 
retention  in  an  environment  conducive  to  mating  for  at  least  24  hours 
prior  to  release  in  the  field. 

FIELD  STUDIES 


Following  several  seasons'  unsuccessful  attempts  at  colonization  of 
Exeristes  roborator,  field  investigations  were  started  in  an  attempt 
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to  find  out  why  this  parasite  is  unable  to  maintain  itself  in  the  Lake 
Erie  area.  Field  plats  and  cages  (fig.  7,  B)  were  utilized  in  order 
to  render  material  available  for  observation.  Although  these  arti- 
ficial conditions  did  not  duplicate  the  natural  environment  of  the 
parasite,  they  were  sufficiently  close  to  permit  the  observations  to 

be  applied  in  inter- 
preting the  field 
status  of  the  para- 
site in  the  environ- 
ments studied. 

CLIMATIC    INFLUENCES 

One  of  the  first 
considerations  was 
the  direct  effect  of 
meterological  condi- 
tions prevailing  in 
this  area.  From 
field  observations 
following  liberation 
and  initial  estab- 
lishment on  full-fed 
host  larvae  in  the 
fall,  it  was  early  de- 
termined that  the 
parasite  was  capa- 
ble of  withstanding 
ing  winters  in  this 
area.  It  was  also 
observed,  however, 
that  continued 
maintenance  failed 
and  that  the  only 
parasites  that  sur- 
vived the  winter 
were  those  reared 
from  adults  released 
late  in  the  summer 
or  in  the  fall.  Ac- 
cordingly, observa- 
tions were  continued 
for  an  entire  season, 
during  which  a  supply  of  host  larvae  suitable  for  parasitization  was 
kept  available  at  all  times  when  the  parasites  might  be  active.  With 
these  precautions  no  difficulty  was  encountered  in  rearing  successive 
generations  of  the  parasite  from  one  year  to  another. 

It  is  appreciated  that  the  efficiency  of  the  parasite  might  be  affected 
by  certain  climatic  conditions  that  do  not  as  yet  appear. 


Figure  6. — A,  Preparation  of  Exeristes  roborator  larvae 
and  pupae  for  storage  ;  B,  emergence  cage,  with  migra- 
tion cage  attached,  for  E.  roborator. 


LIFE  CYCLE 


In  order  to  determine  the  relationship  between  Exeristes  robora- 
tor and  Pyrausta  nubilalis  and  the  requirements  for  successful  para- 
sitization, a  study  was  made  of  the  life  cycle  of  the  parasite. 
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Figure  7. — A,  Migration  cage  for  Exeristes  roborator;  B  field  cage  on  weeds  and  debris 

during  hibernation. 
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RELATIONSHIP  BETWEEN  DEVELOPMENT  OF  HOST  AND  PARASITE 

The  first  study  was  to  determine  the  limits  of  host  development 
that  would  support  the  parasite  to  maturity.  The  results  of  exposure 
to  the  parasite  of  Pyrausta  nubilalis  larvae  in  different  stages  of 
development  are  given  in  table  10. 

Table  10. — Development  of  Exeristes  roborator  following  the  parasitization  of 
various  stages  of  Pyrausta*  nubilalis  larvae 


Stage  of  P. 
nubilalis 

Speci- 
mens 
used 

Effect  on  host 
other  than  paralysis 

Host  condition  following 
parasitization 

Degree  of  parasite 
development 

Third 

Number 

200 

200 

200 

50 

50 

50 

Bled 

Dried      ..  .      ..  

First  and  second  instars. 

Fourth 

.  .do 

.    do 

Second  and  third  instars. 

Early  fifth 

Rot  and  food  shortage... 
Rot    

Third  and  fifth  instars. 

Full-fed 

do 

do 

...do 

5  percent  emergence. 

Late  full-fed 

20  percent  emergence. 

Hibernating 

....do --- 

60  percent  emergence. 

It  is  evident  that  development  of  succeeding  generations  of  para- 
sites is  dependent  upon  the  availability  of  host  larvae  that  have 
reached  their  fifth  instar  when  the  oviposition  period  of  the  para- 
site occurs.  The  parasite  will,  however,  attack  and  kill  borers  in 
other  stages  of  larval  development,  and  thus  cause  an  immediate 
reduction  in  their  number.  The  data  suggest  two  possible  explana- 
tions of  the  nonsuitability  of  borers  in  the  early  instars  to  serve  as 
hosts  for  the  parasite.  The  first  is  that  the  physiological  condition 
of  the  host  brought  about  by  the  sting  of  the  parasite — that  is, 
excess  bleeding  or  other  breaking  down  of  vital  functions — may 
bring  disaster  to  the  developing  parasite  larva.  The  second  is 
primarily  the  limited  quantity  of  food  available  in  the  early  instars 
of  the  host.  The  immediate  effect  is  the  production  of  smaller 
parasites,  and  finally  the  parasite  larva  becomes  so  weakened  that 
it  cannot  perform  its  normal  functions  of  pupation  and  emergence. 

AVERAGE    CYCLE  IN    THE  LAKE   ERIE    ENVIRONMENT 

Life  cycles  of  many  Exeristes  roborator  have  been  carried  through 
on  hibernating  Pyrausta  nubilalis  larvae.  Although  wide  variations 
will  occur  as  conditions  (particularly  temperature)  change,  a  cycle 
that  may  be  expected  under  normal  conditions  during  the  active 
period  in  the  Lake  Erie  environment  is  briefly  outlined  in  the  ensuing 
discussion.     . 

In  emerging,  the  adult  cuts  a  ragged  hole  through  the  cocoon  and 
escapes  into  the  borer  tunnel.  It  then  cuts  a  round,  smooth  hole 
in  the  stalk  and  through  it  escapes  to  the  open  air  to  search  for  food. 
Both  males  and  females  have  been  observed  feeding  freely  on  sweet 
material  such  as  honey  dew  and  nectar.  The  females  also  feed  exten- 
sively on  paralyzed  borers  prior  to  oviposition,  and  during  the  ovi- 
position period  this  is  almost  their  only  source  of  food. 

Mating  may  occur  immediately  upon  emergence  of  the  female  and 
continues  throughout  the  preoviposition  period,  as  was  found  to  be 
the  case  in  the  laboratory.  After  a  preoviposition  period  of  from 
5  to  7  days,  the  female  locates  prospective  host  larvae,  paralyzes 
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them,  and  then  deposits  one  or  more  eggs  on  or  near  each  larva. 
It  has  been  observed  many  times  that  the  female  will  deposit  her 
egg  regardless  of  the  condition  or  suitability  of  the  host,  choosing 
a  partially  eaten  larva  just  as  readily  as  one  in  perfect  condition  to 
develop  the  parasite.  Furthermore,  several  females  may  deposit 
eggs  on  the  same  host  larva.  Although  multiple  parasitism  occur- 
ring from  the  activity  of  a  single  female  is  rare,  as  many  as  three 
eggs  have  been  noted  that  have  been  deposited  on  a  single  host 
larva  under  conditions  fairly  comparable  to  those  that  obtain  in 
nature. 

Oviposition  continues  for  18  to  20  days.  After  the  egg  hatches, 
which  is  from  36  to  48  hours  after  its  deposition,  the  young  larva 
immediately  starts  feeding  externally  on  the  host,  as  described 
under  the  laboratory  studies.  Feeding  and  development  continue  for 
7  to  9  days,  and  then  the  parasite  larva  is  full  fed  and  spins  its 
cocoon  in  the  borer  tunnel.  It  remains  as  a  larva  within  the  cocoon 
for  5  days,  pupates,  and  emerges  10  days  later,  thus  completing  a 
cycle  from  adult  to  adult  in  about  29  to  33  days. 

As  determined  in  extensive  laboratory  examinations,  females  of 
Exeristes  rob  orator  have  an  average  potential  reproductive  capacity 
of  about  350  eggs,  which  can  readily  be  realized  under  laboratory 
conditions.  This  potential,  however,  is  greatly  reduced  in  the  field. 
It  dropped  to  50  under  cage  conditions,  which  are  considered  more 
favorable  than  natural  field  conditions.  All  observations  in  this 
area  have  indicated  that  under  field  conditions  the  parasite  has 
difficulty  in  locating  hosts,  and  this  is  probably  the  chief  factor 
contributing  to  the  low  reproductive  ability  of  the  parasite  when  re- 
leased in  natural  environments. 

SEASONAL   HISTORY 

One  of  the  most  important  factors  controlling  the  efficiency  of 
a  parasite  is  the  synchronization  of  its  life  cycle  with  that  of  its 
host.  Accordingly,  the  seasonal  history  of  Exeristes  roborator  has 
been  observed  both  in  the  laboratory  and  in  field  cages. 

WITH    HOST   MANIPULATION 

The  first  seasonal-history  studies  were  conducted  without  regard 
to  normal  host  development,  the  natural  supply  of  hosts  being  sup- 
plemented at  any  time  when  numbers  in  the  experiments  became 
limited  or  when  they  were  not  normally  present  in  the  field.  Under 
these  conditions  the  parasite  completed  either  3  or  4  generations 
in  this  area,  the  number  being  dependent  on  individual  differences 
rather  than  on  climatic  restrictions.  The  natural  variation  in  the 
rate  of  development  of  different  progeny  of  the  same  parents  permits 
the  earlier  maturing  forms  to  complete  4  generations  while  more 
slowly  developing  forms  can  complete  but  3  generations  during  the 
period  available  for  insect  activity  in  the  Lake  Erie  area. 

The  parasites  begin  emerging  from  hibernation  between  May  5  and 
17,  and  emergence  continues  for  from  20  to  30  days.  From  May 
15  to  September  15  a  generation  is  completed  every  30  days,  but 
there  are  no  well-defined  points  marking  the  end  of  one  generation 
and  the  beginning  of  the  next.     Accordingly,  except  for  a  brief 
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period  in  the  spring  immediately  following  resumption  of  activity, 
all  stages  of  the  parasite  may  be  encountered  at  any  time  of  the 
season.  A  certain  percentage  of  the  larvae  in  each  generation  enter 
a  diapause,  the  smallest  percentage  in  the  spring  with  an  increase 
to  an  average  of  50  percent  as  winter  approaches. 

Most  of  the  larvae  that  do  not  enter  a  diapause  die  during  the 
cold  weather.  Pupae  withstand  the  rigors  of  winter  fairly  well, 
and  they  resume  active  development  immediately  when  the  tempera- 
ture becomes  favorable,  and  often  adults  emerge  so  late  in  the  fall 
or  early  in  the  spring  that  there  is  no  opportunity  for  oviposition. 
It  has  been  concluded,  therefore,  that  the  full-fed  larva  that  has  been 
in  diapause  is  the  true  hibernating  stage  of  Exeristes  roborator,  all 
other  stages  occurring  during  the  winter  being  more  or  less  inci- 
dental and  subject  to  complete  mortality  in  accordance  with  climatic 
conditions. 

WITH    NATURAL    DEVELOPMENT    OF    HOST    AND    PARASITE 

Attention  was  next  centered  on  the  seasonal  cycle  of  Pyrausta 
nubilalis  that  prevails  in  the  area  under  discussion.  These  observa- 
tions were  conducted  in  field  plats,  cages  being  used  to  prevent  adult 
dissemination.  One  plat  contained  an  abundance  of  overwinter- 
ing P.  nubilalis  larvae  naturally  established  in  cornstalks  and  other 
debris.  A  second  plat  was  planted  to  corn  and  the  plants  were  arti- 
ficially infested  with  P.  nubilalis  larvae  concurrently  with  natural 
field  deposition.  At  the  time  of  the  first  natural  emergence  of  adult 
parasites,  Exeristes  roborator  adults  were  released  in  a  cage  placed 
over  the  hibernating  host  material.  Mated  female  parasites  were 
added  to  the  original  stock  throughout  the  spring-emergence  period 
of  the  parasite  in  order  to  maintain  the  original  number  released  in 
the  cage.  E.  roborator  can  complete  but  a  single  generation  on  hiber- 
nating P.  nubilalis  larvae  in  the  Lake  Erie  area,  as  the  supply  of 
host  larvae  is  exhausted  by  pupation  when  the  first-generation  para- 
site adults  begin  to  emerge.  Therefore,  as  soon  as  the  adults  of  the 
first  generation  of  parasites  emerged,  they  were  transferred  from  the 
hibernation  cage  in  the  first  plat  to  the  cage  in  the  second  plat  con- 
taining developing  P.  nubilalis  larvae.  The  parasites  were  supple- 
mented occasionally  by  adults  from  other  sources  to  insure  the  pres- 
ence of  an  ample  supply  of  ovipositing  females. 

Throughout  the  period  of  these  releases  first-  to  f  ourth-instar  hosts 
were  present,  but  no  parasite  larvae  developed  beyond  the  second 
instar.  The  last-emerging  individuals  of  the  first  generation  inva- 
riably were  ready  for  oviposition  prior  to  the  appearance  in  the  field 
of  host  larvae  in  a  condition  suitable  to  be  parasitized  and  to  support 
the  developing  parasite  to  maturity.  The  only  exception  was  found 
in  parasite  larvae  that  underwent  a  diapause  in  the  first  generation. 
Adults  from  these  individuals,  however,  do  not  emerge  until  the 
following  spring,  and  the  numbers  are  so  small  that  they  are  of 
negligible  importance. 

A  study  of  the  seasonal  histories  of  Pi/rausta  nubilalis  (1)  and 
Exeristes  "roborator  indicates  that  one  of  the  chief  obstacles  to  the 
maintenance  of  E.  roborator  is  that  during  the  period  of  parasite 
activity,  from  May  15  to  September  24,  its  host  is  present  in  the  field 
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in  a  stage  of  development  capable  of  supporting  E.  roborator  for 
only  2  months,  from  May  15  to  June  15  and  from  August  24  to 
September  24. 

WITH    PAEASITE    MANIPULATION 

A  third  series  of  tests  was  conducted  in  which  the  parasite  was 
manipulated  to  suit  the  seasonal  cycle  of  the  host.  In  these  tests 
stock  material  of  mated  Exeristes  rob  orator  females  was  introduced, 
at  2-week  intervals  throughout  the  developmental  period,  into  field- 
plat  cages  containing  normally  developing  host  larvae.  Periodic 
dissections  of  the  host-plant  material  revealed  that  in  no  case  was  E. 
roborator  able  to  become  established  until  full-fed  host  larvae  became 
available. 

These  observations  give  further  proof  of  the  poor  synchronization 
of  the  seasonal  cycle  of  E.  roborator  with  that  of  Py  roust  a  nubilalis, 
and  indicate  that,  under  these  conditions  E.  roborator  cannot  be 
expected  to  become  an  important  factor  in  the  biological  control  of 
the  European  corn  borer. 

ALTERNATE    HOSTS 

Attention  was  then  directed  to  the  possibility  of  alternate  hosts 
supplying  the  requirements  of  Exeristes  roborator  that  are  so  evi- 
dently missing  in  Pyrausta  nubilalis.  Thompson  and  Parker  report 
that  in  Europe  E.  roborator  (6,  p.  34) — 

is  apparently  very  polyphagous,  attacking  the  larvae  of  both  Lepidoptera  and 
Coleoptera.  The  species  on  which  it  preys  seem,  however,  all  to  be  like 
Pyrausta,  insects  such  as  the  clearwing  moths  (Sesia  spp.),  and  the  weevil 
Cryptorrhynchus  lapathi  L.,  which  in  the  larval  stage  are  borers  living  in 
tunnels  in  various  plants. 

Accordingly,  a  number  of  hosts  that  are  present  in  appreciable 
numbers  in  the  Lake  Erie  area  were  tested  in  both  laboratory  and 
field-plat  experiments.  Many  of  them  were  found  to  be  unable  to 
support  the  parasite  because  of  their  physical  or  physiological  char- 
acteristics. Such  proved  to  be  the  case  with  the  -Papaipema  group, 
the  parsnip  webworm  (Depressaria  heraeliana  DeG.),  and  the  cat- 
tail borer  (Arzama  obliqua  Walk.) .  Other  species  were  well  adapted 
to  parasitization  by  Exeristes  roborator.  These  species  included  the 
elder  borer  (Achatodes  zeae  Harr.),  the  codling  moth  (Carpocapsa 
pomonella  L.),  and  two  species  of  Pyrausta  (ainsliei  Hein.  and 
penitalis  Grote).  With  the  exception  of  P.  ainsliei,  however,  the 
seasonal  cycle  diverged  farther  from  that  of  E.  roborator  than  does 
P.  nubilalis,  making  them  incapable  of  assisting  in  maintaining  the 
parasite,  although  they  served  as  an  additional  potential  host  supply 
when  available. 

Because  in  this  environment  the  seasonal  cycle  of  Pyrausta  ainsliei 
agreed  with  that  of  E.  roborator  better  than  did  that  of  any  other 
species  observed  (not  excepting  P.  nubilalis),  more  extensive  tests 
were  made  to  determine  its  actual  suitability  as  a  host  for  E.  robora- 
tor. Although  synchronization  with  P.  ainsliei  is  closer  than  with 
P.  nubilalis,  similar  limitations  prevent  maintenance  of  this  parasite 
throughout  its  active  period  when  this  species  (P.  ainsliei)  is  the 
only  host  present.  It  is  possible  that  this  critical  period  in  the 
parasite's  development  may  be  bridged  by  utilizing  both  P.  nubilalis 
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and  P.  ainsliei  as  hosts  in  areas  where  they  are  both  present  in 
sufficient  numbers.  It  has  been  observed  that  the  latest  emerging 
individuals  of  E.  roborator,  produced  in  the  spring  on  P.  ainsliei 
borers  that  have  overwintered,  could  be  present  in  the  field  when  the 
earlier  developing  P.  nubilalis  larvae  have  progressed  sufficiently  to 
enable  them  to  support  the  progeny  of  these  late-emerging  parasites. 
For  this  phenomenon  to  be  successful,  an  extremely  delicate  adjust- 
ment of  seasonal  cycles  of  E.  roborator  and  these  two  hosts  must  be 
maintained,  and  therefore  the  ultimate  result  would  not  tend  to 
increase  the  abundance  of  the  parasite  materially. 

FIELD  STATUS 

In  the  environments  under  observation  there  was  no  evidence  that 
Exeristes  roborator  is  capable  of  maintaining  itself  in  the  Lake  Erie 
area  at  present  (1933)  infested  with  Pyrausta  nubilalis.  A  number 
of  colony  releases  resulted  in  its  initial  establishment,  but  without 
producing  succeeding  generations. 

This  apparent  inability  of  the  species  to  persist  from  one  season 
to  another  is  shown  by  the  liberation  and  recovery  data  assembled 
in  table  11.  The  data  summarize  observations  over  a  period  of  7 
years  in  all  localities  where  adequate  attempts  at  recovery  were  made. 
The  1927  and  1928  seasons  have  been  divided  into  three  periods — the 
first  extending  from  May  5  to  June  15,  when  suitable  hibernating 
larvae  of  Pyrausta  nubilalis  are  available  in  the  field;  the  second, 
from  June  15  to  August  10,  when  host  larvae,  although  present  in  the 
field,  are  unsuited  to  support  the  parasite  to  maturity ;  and  the  third 
continuing  from  this  date,  at  which  time  host  larvae  are  still  unsuited 
to  support  the  parasite  but  are  sufficiently  developed  to  reach  the 
fifth  instar  before  the  end  of  the  oviposition  period  of  parasites 
emerging  on  August  10  or  thereafter.  In  the  last  four  seasons  all 
releases  were  made  prior  to  June  15.  The  recoveries  and  collections 
were  recorded  the  spring  after  the  date  recorded  in  the  table.  In 
each  locality  where  recovery  was  made,  the  entire  supply  of  corn- 
stalks from  the  field  (10  to  14  acres)  was  placed  in  a  cage  the  spring 
following  the  release  before  they  could  be  exposed  to  any  parasite 
activity  other  than  that  occurring  during  the  season  indicated.  It  is 
estimated  that  at  least  250,000  P.  nubilalis  larvae  were  contained  in 
the  stalks  placed  in  each  cage.  In  all  other  instances  recovery  at- 
tempts were  made  by  collecting  samples  of  500  corn  borers  at  random 
from  fields  in  the  immediate  vicinity  of  the  liberation  point. 
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It  will  be  seen  that  adults  were  recovered  in  only  2  localities  out 
of  the  12,  and  that  in  both  these  localities  recoveries  were  made  in  2 
successive  years,  each  in  the  spring  following  fall  releases  of  the  para- 
site, in  other  words  without  the  intervention  of  an  entire  season 
between  release  of  adult  parasites  and  subsequent  rearing  from  field- 
collected  borers.  The  only  instance  of  a  fall  release  in  which  no 
adults  were  recovered  was  at  Lucas  County,  Ohio,  in  1928.  In  this 
case,  however,  the  entire  supply  of  cornstalks  in  the  field  was  not 
placed  in  cages,  as  was  done  in  the  localities  where  recoveries  were 
made. 

These  observations,  while  substantiating  the  conclusion  reached  as 
a  result  of  the  biological  studies,  that  the  parasite  can  successfully 
overwinter  in  the  Lake  Erie  environment,  strongly  indicate  that 
permanent  establishment  was  not  attained.  No  recoveries  were  ever 
obtained  at  any  of  the  points  listed  in  table  11,  unless,  as  indicated 
above,  releases  were  made  after  the  completion  of  the  critical  sum- 
mer developmental  period.  In  many  of  these  centers  of  liberation 
there  was  without  doubt  satisfactory  initial  parasitization  of  the 
borers  available  at  the  time  of  the  release.  Such  parasitization  as  did 
occur,  however,  would  not  be  permanent  because  of  nonharmony  of 
developmental  phases  of  E.  roborator  and  P.  nubilalis  from  June  15 
to  August  10,  or  probably  later,  since  August  10  is  the  earliest  date  in 
the  area  under  observation  when  host  development  has  progressed 
to  a  point  that  will  permit  the  parasite  to  exist. 

Data  on  further  releases  of  Exeristes  roborator  adults  in  this  area 
are  presented  in  table  12.  Although  recovery  attempts  at  these 
points  do  not  approach  in  adequacy  those  previously  discussed,  a  sim- 
ilar lack  of  permanent  establishment  of  the  species  is  evident.  A  few 
recoveries  were  made  immediately  after  the  release  of  adults,  but 
succeeding  attempts  were  unsuccessful. 

Table  12. — Releases  of  Exeristes  roborator  at  all  points  at  which  only  limited 
recovery  attempts  have  been  made 


Locality- 


Lake  County,  Ohio 

Erie  County,  N.Y 

Erie  County,  Pa 

De  Kalb  County,  Ind 

Lorain  County,  Ohio 

Washtenaw  County,  Mich 

Huron  County,  Ohio 

Genesee  County,  N.Y 

Crawford  County,  Pa 


Parasites 
liberated 


Number 
15,  208  (5) 
14,  519  (5) 

8,  433  (3) 
13,  092  (5) 

1,  609  (1) 
11, 730  (3) 
11, 832  (3) 
10, 977  (3) 
11,686  (3) 


Locality 


Wayne  County,  Mich... 
Macomb  County,  Mich. 
Jackson  County,  Mich.. 

Elkhart  County,  Ind 

Will  County,  111 

Ottawa  County,  Ohio... 

Wood  County,  Ohio 

Ashtabula  County,  Ohio 
Jefferson  County,  N.Y.. 


Parasites 
liberated 


Number 
1,847(1) 
1,910(1) 
1, 682  (1) 
3, 823  (2) 
2,  302  (2) 
1,  726  (1) 
1,  745  (1) 
1,919(1) 
1,  955  (1) 


Figures  in  parenthesis  indicate  the  number  of  years  in  which  releases  were  made. 

SUMMARY 


Exeristes  roborator,  an  external  ichneumonid  parasite  of  the 
European  corn  borer,  is  generally  distributed  throughout  Europe  and 
has  been  imported  and  extensively  liberated  in  the  United  States. 

A  laboratory  environment  of  80°  F.  and  70  percent  relative  humid- 
ity is  near  the  optimum  for  the  parasite's  development.    Variations 
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from  this  environment  in  either  temperature  or  moisture  tend  to 
react  adversely,  particularly  if  the  variation  is  toward  higher  tem- 
peratures not  accompanied  by  higher  relative  humidities. 

Many  factors  contribute  to  the  occurrence  of  a  diapause  in  the 
larval  stage  of  this  parasite,  but  apparently  no  single  factor  entirely 
controls  it.  The  parasite  best  survives  the  diapause  when  it  is  kept 
in  an  environment  conducive  to  slow  development  as  produced  by 
temperatures  of  33°  to  36°  F. 

The  adult  female  first  paralyzes  the  host  larva  and  then  deposits 
an  egg  on  or  in  close  proximity  to  it.  Little  preference  is  shown  in 
the  selection  of  a  host,  but  only  fifth-instar  larvae  will  support  the 
parasite  to  maturity.  Hatching  and  all  larval  development  occur 
externally  upon  the  host. 

Exeristes  rdborator  can  be  reared  in  the  laboratory  in  sufficient 
numbers  to  permit  extensive  liberations  in  the  field  for  the  purpose  of 
determining  its  importance  in  corn-borer  control.  The  method 
consists  of  transferring  the  parasite  eggs  from  the  oviposition 
medium  onto  host  larvae  that  have  been  paralyzed  by  immersion  for 
10  minutes  in  hot  water  at  exactly  49°  C.  "(120.2°  F.).  During 
hatching  and  development  an  environment  of  80°  F.  and  70  percent 
relative  humidity  is  maintained.  To  permit  extended  breeding 
periods  followed  by  emergence  of  adults  over  the  comparatively 
short  liberation  period,  developing  material  may  be  stored  in  an 
environment  having  a  temperature  range  from  32°  to  40°  F.  and  a 
relative-humidity  range  from  75  to  90  percent.  Pupae  and  larvae 
that  undergo  a  diapause,  particularly  the  latter,  react  to  this  treat- 
ment better  than  do  other  forms. 

It  appears  from  field  studies,  for  the  most  part  conducted  under 
controlled  field-plat  conditions,  that  the  factors  limiting  the  effec- 
tiveness of  the  parasite  in  controlling  the  European  corn  borer  in  the 
Lake  Erie  area  are  the  nonharmony  of  the  seasonal  cycle  of  the  para- 
site and  that  of  its  host,  Pyrausta  nubilalis,  the  nonharmony  of  the 
seasonal  cycle  of  the  parasite  and  that  of  other  known  potential 
hosts,  .and  the  low  biotic  potential  of  the  parasite  under"  field 
conditions. 

Although  Exeristes  roborator  has  been  extensively  liberated 
throughout  the  territory  infested  by  the  corn  borer  in  the  United 
States,  and  has  become  initially  established  in  many  instances,  there 
is  no  evidence  that  the  parasite  can  maintain  itself  in  any  environ- 
ment within  the  limits  of  the  present  (1933)  infested  areas  or  that 
it  is  likely  to  be  of  more  than  insignificant  importance  among  the 
general  influences  affecting  the  abundance  of  Pyrausta  nwbUalis. 
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NEED  FOR  CLASSIFICATION 

The  varieties  of  wheat  grown  in  the  United  States  show  a  great 
diversity  of  type.  This  diversity  is  natural,  as  wheat  is  produced 
commercially  in  most  of  the  48  States  of  the  Union  under  a  wide 
range  of  environmental  conditions.  More  than  200  distinct  varieties 
are  grown.  Many  of  these  are  adapted  only  locally,  while  others 
are  well  adapted  to  a  wide  range  of  varying  conditions.  Adaptation 
of  varieties  is  an  important  factor,  as  it  affects  the  yield  and  profit- 
ableness of  the  crop  and  the  standardization  of  varieties.  The 
choice  of  varieties  for  given  conditions  and  purposes  is  therefore 
usually  given  careful  consideration  by  growers.  The  choice  is  partly 
dependent,  however,  upon  the  determination  of  identity. 

The  identification  of  varieties  requires  some  knowledge  of  the 
appearance  of  plant  and  kernel  and  is  assisted  by  information  re- 
garding history  or  distribution.  Wheat  varieties  are  most  generally 
designated  by  names,  which  are  established  through  publication  and 
usage.  The  association  of  a  name  with  a  recognized  type  of  wheat 
enables  identification.  Confusion  in  names  is  frequent  in  the  United 
States,  where  the  number  of  varieties  is  very  large.  This  confusion 
occurs  in  two  principal  ways:  (1)  The  same  name  is  applied  to 
distinctly  different  varieties  in  different  parts  of  the  country,  and 

1  This  bulletin  is  a  revision  of  and  supersedes  Department  Bulletin  1074,  Classification 
of  American  Wheat  Varieties. 
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(2)  the  same  variety  is  grown  under  several  different  names  in  dif- 
ferent parts  of  the  country  or  even  in  the  same  part.  Identification 
is  difficult  in  cases  of  similar  or  closely  related  varieties  and  is  con- 
fused by  the  multiplicity  of  names.  Inability  to  identify  varieties 
leads  to  duplication  in  varietal  experiments  and  the  fraudulent  or 
unknowing  exploitation  of  old  varieties  under  new  names. 

There  is  need,  therefore,  for  a  practical  and  usable  system  of 
classification  that  will  standardize  the  varietal  nomenclature  and 
enable  growers  to  identify  varieties  with  which  they  are  concerned. 
The  purpose  of  "this  bulletin  is  to  provide  such  a  classification  of  the 
wheat  varieties  that  are  grown  commercially  in  the  United  States 
or  may  be  so  grown  soon.  The  classification  has  been  made  by  using 
only  such  characters  as  can  be  distinguished  by  the  naked  eye,  no 
instrument  other  than  a  measuring  rule  having  been  used  in  the 
investigations.  The  names  of  varieties  have  been  standardized  in 
accordance  with  a  code  of  nomenclature. 

PREVIOUS  INVESTIGATIONS 

More  systematic  study  of  wheat  varieties  has  been  done  by  foreign 
investigators  than  by  workers  in  the  United  States. 

FOREIGN  CLASSIFICATIONS 

The  existence  of  many  different  varieties  of  wheat  has  been  recog- 
nized for  more  than  2,300  years.  Theophrastus  (207)?  a  pupil  of 
Plato,  in  his  Enquiry  into  Plants,  written  about  300  B.C.,  states: 

There  are  also  many  kinds  of  wheat  which  take  their  names  simply  from  the 
places  where  they  grow,  as  Libyan,  Pontic,  Thracian,  Assyrian,  Egyptian, 
Sicilian.  They  show  differences  in  color,  size,  form,  and  individual  character, 
and  also  as  regards  their  capacities  in  general  and  especially  their  value  as 
food. 

Theophrastus  mentioned  many  of  the  differences  between  these 
kinds  of  wheat.  In  the  writings  of  Varro,  Pliny,  and  Columella, 
in  the  first  century  B.C.  and  the  first  century  A.D.,  the  observations 
of  Theophrastus  were  repeated,  rearranged,  and  amplified.  Colum- 
ella, who  wrote  about  55  A.D.  (72,  translated  1745),  presents  these 
previous  observations  and  his  own,  as  follows : 

Triticum,  common  bare  wheat,  which  has  little  husk  upon  it,  was,  according 
to  Varro,  sl  name  given  formerly  to  all  sorts  of  grain  beaten  or  bruised  out  of 
ears  by  trituration  or  threshing;  but  afterwards  it  was  given  to  a  peculiar 
species  of  grain,  of  which  there  are  many  sorts,  which  take  their  name  from 
the  places  where  they  grow ;  as  African,  Pontic,  Assyrian,  Thracian,  Egyptian, 
Sicilian,  etc.,  which  differ  from  one  another  in  color,  bigness,  and  other  prop- 
erties, too  tedious  to  relate.  One  sort  has  its  ears  without  beards,  and  is  either 
of  winter  or  summer.  Another  sort  is  armed  with  long  beards,  and  grows  up 
sometimes  with  one,  sometimes  with  more  ears.  Of  these  the  grains  are  of 
different  sorts :  some  of  them  are  white,  some  reddish,  some  round,  others 
oblong,  some  large,  others  small.  Some  sorts  are  early  ripe,  others  late  in 
ripening ;  some  yield  a  great  increase,  some  are  hungry,  and  yield  little  ;  some  put 
forth  a  great  ear,  others  a  small.  One  sort  stays  long  in  the  hose  (folliculo)  ;  an- 
other frees  itself  very  soon  out  of  it.  Some  have  a  small  stalk  or  straw ;  others 
have  a  thick  one,  as  the  African.  Some  are  clothed  with  few  coats,  some 
with  many,  as  the  Thracian.  Some  grains  put  forth  only  one  stalk,  some  many 
stalks.     Some  require  more,  some  less  time  to  bring  them  to  maturity.     For 


"Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  147. 
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which  reason  some  are  called  trimestrian,  some  bvnwstrian;  and  they  say,  that, 
in  Euboea,  there  is  a  sort,  which  may  be  brought  to  perfection  in  40  days ;  but 
most  of  these  sorts,  which  ripen  in  a  short  time,  are  light,  unfruitful,  and  yield 
very  little,  though  they  are  sweet  and  agreeable  to  the  taste  and  of  easy 
digestion. 

In  the  early  Roman  literature  mentioned  reference  is  found  to  two 
groups  of  wheat,  namely,  triticum  and  adoreum,  or  far.  Columella 
referred  to  the  far  as  bearded  wheat.  The  grain  of  triticum  was 
separated  from  the  chaff  in  threshing,  while  that  of  far  was  not, 
indicating  that  the  former  consisted  of  true  wheats,  while  the  latter 
was  emmer  or  spelt. 

Columella  himself  recognized  three  types  of  Triticum,  robus  (red), 
siligo  (white),  and  trimestrian  (spring),  and  in  addition  four  types 
of  bearded  wheat  (spelt  or  emmer),  viz: 

Clusinian,  of  a  shining,  bright,  white  colour ;  a  bearded  wheat,  which  is  called 
venuculum.  One  sort  of  it  is  of  a  fiery  red  colour  and  another  sort  of  it  is 
white ;  *  *  *  The  trimestrian  seed,  or  that  of  3  months  growth,  which  is 
called  halicastrum     *     *     *. 

It  is  evident  from  these  quotations  that  many  of  the  leading  char- 
acters of  the  wheat  plant  were  recognized  in  this  early  period.  What 
attention  was  given  to  studies  of  wheat  during  the  Dark  Ages  no  one 
can  say.  With  the  revival  of  learning  the  botanists  and  medical 
men  began  the  publication  of  the  folio  and  royal  octavo  herbals,  many 
of  them  illustrated  with  woodcuts.  In  these,  wheat  species  were 
included,  the  forms  mostly  being  those  described  by  Theophrastus, 
Pliny,  and  Varro,  but  from  time  to  time  new  ones  were  added.  There 
is  little  advantage  in  trying  to  guess  what  particular  form  of  com- 
mon wheat  each  so-called  species  represented.  More  recent  botanical 
writers  described  species  that  can  now  be  recognized.  Principal 
among  these  writers  was  Tournefort  {212),  who  in  1719  listed  14 
species  of  Triticum. 

The  classification  of  wheat  practically  began  with  the  work  of 
Linnaeus  (Linne)  in  1753.  In  his  Species  Plantarum  {11$)  he  de- 
scribed seven  species  of  Triticum,  viz :  T.  aestivum,  T.  hybernum,  T. 
turgidum,  T.  spelta,  T.  monococcum,  T.  repens,  and  T.  caninum.  The 
two  latter  species  have  since  been  included  in  another  genus.  In  the 
second  edition  of  the  Species  Plantarum,  published  in  1764,  he  de- 
scribed six  species  that  are  still  included  in  the  genus  THticum,  viz : 
T.  aestivum,  T.  hybernum,  T.  turgidum,  T.  polonicum,  T.  spelta,  and 
T.  monococcum,  the  species  T.  polonicum  having  been  added.  Lin- 
naeus divided  the  common  wheat  into  two  species,  T.  aestivum,  awned 
spring,  and  T.  hybeimum,  awnless  winter,  apparently  believing  that 
all  spring  wTheats  were  awned  and  all  winter  wheats  awnless. 
Writers  who  followed  him  usually  have  not  recognized  these  dis- 
tinctions. 

Lamarck,  in  1786  {136),  created  the  species  Triticum  sativum  to 
include  both  the  species  T.  aestivum  and  T.  hybernum  that  Linnaeus 
had  adopted.  Each  species  and  subspecies  was  described  according 
to  the  presence  or  absence  of  awns,  the  color  and  covering  of  the 
glumes,  the  color,  size,  and  density  of  the  kernels,  the  solidity  of  the 
stem,  and  several  other  characters. 

Villars,  in  1787  {217),  divided  the  common  wheats  into  two  species, 
Triticum  vulgare  and  T.  touzelle.  The  latter  consisted  of  awnless 
wheat  having  white  kernels. 
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Schrank,  in  1789  (186,  v.  1,  pp.  387-389),  arranged  the  cultivated 
wheats  in  three  species.  For  common  wheat  he  established  the  name 
"  Triticum  cereale  "  and  placed  T.  aestivum  L.  and  T.  hybernum  L. 
under  it  as  varieties.  The  second  species  was  T.  spelta  L.  and  the 
third  T.  dicoccum  Schrank,  the  cultivated  emmer. 

Desfontaines,  in  1800  (75),  established  the  species  Triticum  durum 
for  the  group  of  wheats  having  long  awns  and  long  vitreous  kernels. 

Host,  in  1805  (119),  described  and  named  the  species  Triticum 
compactum  to  include  the  club  wheats  and  in  addition  recognized  10 
other  species  of  the  genus  Triticum. 

Seringe,  in  1819  (190),  arranged  the  common  and  club  wheats 
together  into  10  groups  based  on  lax  or  dense  and  awned  or  awnless 
spikes,  white  or  brownish  kernels,  and  glabrous  or  pubescent  glumes. 
He  listed  varieties  from  Switzerland,  France,  Germany,  and  Eng- 
land. 

Metzger,  in  1824  (U6),  at  Heidelberg,  followed  essentially  the  same 
system  as  Seringe,  but  in  addition  considered  winter  or  spring  habit 
of  growth.  The  10  groups  of  Seringe  were  further  subdivided,  making 
18  groups.    The  kernels  were  described  as  white,  yellow,  and  reddish. 

Metzger,  in  1841  (H7) ,  reedited  his  classification  of  1824,  making 
some  changes  and  adding  more  varieties. 

Seringe,  in  1841  (191),  published  a  revision  of  his  previous  work 
of  1818,  in  which  he  classified  and  partly  described  a  large  number 
of  varieties  of  wheat. 

Alefeld,  in  1866  (27),  classified  the  wheats  into  two  genera  and 
species,  Triticum  vulgare  and  Deina  polonica.  The  latter  contained 
four  subspecies  or  varieties  of  Polish  wheats,  T.  polonicum,  while  the 
former  was  divided  into  many  subspecies  and  varietal  groups  con- 
taining all  other  species  of  Triticum.  Each  of  these  was  described 
in  detail. 

Heuze,  in  1872  (112),  grouped  the  wheats  into  seven  species.  He 
listed  700  varietal  names  of  wheat,  602  of  which  belonged  to  the 
species  Triticum  sativum,  which  included  both  common  and  club 
wheats.  He  described  47  varieties  in  this  species,  while  the  remain- 
ing  555  names  were  considered  as  synonyms. 

Koernicke,  in  1873  (134),  and  Koernicke  and  Werner,  in  1885 
(135),  prepared  the  most  complete  classification  of  wheat  yet  pub- 
lished. They  followed  Alefeld's  system  of  applying  Latin  names  to 
the  botanical  groups.  The  groups  keyed  by  them  included  22  of 
vulgare,  21  of  compactum,  26  of  turgidum,  24  of  durum,  12  of  spelta, 
20  of  dicoccum,  21  of  polonicum,  and  4  of  monococcum.  Named 
varieties  included  in  each  botanical  group  were  described  in  detail, 
and  the  history,  synonyms,  and  source  of  each  were  given.  Much  of 
this  latter  information  had  been  published  in  the  works  of  Alefeld 
and  Heuze. 

Harz,  in  1885  (105),  classified  and  described  a  large  number  of 
wheats  in  a  manner  similar  to  that  of  Koernicke  and  Werner.  The 
common  and  club  wheats  were  considered  as  a  single  species. 

Hackel,  in  1887  (102),  classified  the  genus  Triticum  according  to 
a  key  very  similar  to  the  one  adopted  by  Koernicke  and  Werner. 
Hackel  recognized  three  species,  sativum  Lam.,  monococcum  L.,  and 
polonicum  L. ;  and  three  races  of  sativum,  namely,  spelta,  dicoccum, 
and  tenax.  In  the  latter  he  included  vulgare,  compactum,  turgidum, 
and  dwrum  as  subraces. 
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Vilmorin,  in  1889  (218) ,  grouped  the  wheats  into  50  sections,  ac- 
cording to  their  leading  characters.  Each  section  was  briefly  de- 
scribed and  the  synonyms  were  given.  The  common  and  club  wheats 
were  considered  as  one  species. 

Eriksson,  in  1895  (87),  subdivided  the  botanical  groups  of  Koer- 
nicke  and  Werner  into  smaller  groups,  which  he  called  subvarieties, 
based  chiefly  on  the  density  of  the  spike,  the  thickness  of  the  kernel, 
and  the  length  of  the  rachis.  He  also  gave  an  excellent  review  of  the 
literature  on  wheat  classification. 

Heuze,  in  1896  (US),  published  a  second  edition  of  his  Les  Plantes 
Cereales,  in  which  were  included  rather  complete  histories  and  de- 
scriptions of  the  varieties  of  wheat. 

Cobb,  in  1896  (67) ,  keyed  54  varieties  of  wheat  that  he  was  grow- 
ing in  New  South  Wales,  Australia,  using  the  leading  plant,  spike, 
and  kernel  characters.  In  1905  (70)  he  proposed  to  classify  wheat 
varieties  by  a  microscopic  examination  of  the  aleurone  layer. 

Howard  and  Howard,  in  1909  (121).  classified  the  wheats  of  India 
largely  according  to  the  methods  of  Koernicke  and  Werner  and  of 
Eriksson.  They  (120)  also  considered  in  detail  the  characters  used 
in  classification. 

Richardson,  in  1913  (170),  described  many  of  the  wheats  of  Aus- 
tralia and  gave  the  history  of  each  variety.  He  did  not  arrange  them 
in  a  classified  order. 

Flaksberger,  in  1915  (89),  published  extensive  treatises  on  the 
taxonomy  of  Russian  wheat  forms. 

The  Union  of  South  Africa  in  1919  (197)  published  descriptions 
and  synonyms  of  the  wheat  varieties  of  South  Africa  and  also  desig- 
nated the  areas  where  the  varieties  should  be  grown  in  that  country. 

Ducellier,  in  1920  (82),  published  a  classification  and  description 
of  the  wheats  of  the  Hoggar  and  oasis  regions  of  Algeria.  Only  a 
few  varieties  were  fully  described. 

The  Institute  of  Science  and  Industry,  of  Australia,  in  1920  (SO), 
classified  and  described  48  of  the  leading  wheats  of  Australia  in  a 
manner  similar  to  that  used  by  the  writers. 

Percival,  in  1921  (161),  described  and  classified  a  large  number  of 
wheat  varieties  of  the  world  and  discussed  fully  the  morphology  of 
the  wheat  plant. 

The  Institute  of  Science  and  Industry,  of  Australia,  in  1923  (31)  t 
revised  and  extended  the  classification  of  1920  to  include  82  varie- 
ties. Data  were  also  presented  on  the  agricultural  characters  of  these 
varieties. 

Newman,  in  1928  (153),  discussed  the  value  of  characters  used  by 
Clark,  Martin,  and  Ball  (59)  for  classifying  Canadian  varieties  and 
reported  extensive  studies  on  the  effect  of  environment  on  glume 
characters  and  on  variability  in  Marquis  seed  stocks. 

Papadakis,  in  1929  (159),  published  a  classification  of  the  wheats 
grown  in  Greece. 

Vavilov  et  al.,  in  1931  (216) ,  published  a  "  contribution  to  the 
knowledge  of  the  28  chromosomes  group  of  cultivated  wheats." 

Gurney,  in  1932  (101),  published  a  key  and  detailed  descriptions 
for  the  wheat  varieties  grown  in  South  Australia. 

McMillan,  in  1933  (1^5),  presented  a  genealogical  chart  showing 
the  history  of  Australian  wheat  varieties. 
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Voss,  in  1933  (219),  described  and  grouped  the  wheat  varieties  of 
Germany. 

Zhukovsky,  in  1933  (232),  published  a  botanical  classification  of 
the  wheat  varieties  of  Anatolia. 

Hudson,  in  1933-34  (122),  described  and  classified  the  wheat  varie- 
ties of  England. 

DOMESTIC   CLASSIFICATIONS 

Harmon,  in  1844  (103),  published  descriptions  and  histories  of 
about  30  varieties  of  wheat  that  he  had  grown  in  Monroe  County, 
NT. 

Klippart,  in  1858  (133),  described  a  large  number  of  wheat  varie- 
ties grown  in  Ohio  and  grouped  them  into  a  partly  classified  order. 

Todd,  in  1868  (211) ,  described  a  number  of  wheat  varieties,  most  of 
the  descriptions,  however,  being  obtained  from  agricultural  literature 
of  the  time.  He  suggested  that  the  Government  "  take  hold  of  this 
subject  [the  nomenclature  of  wheat]  in  a  proper  manner  and  establish 
a  common  standard  of  merit  and  an  intelligible  description  of  each 
variety    *     *     *." 

Killebrew,  in  1877  (132),  described  a  number  of  American  wheats, 
most  of  which  had  been  described  previously  by  Klippart  or  Todd. 
He  grouped  the  varieties  into  two  families,  winter  wheats  and  spring 
wheats.  The  winter  wheats  were  divided  into  six  classes  based  upon 
their  kernel  characters,  white,  amber,  and  red,  and  upon  the  awned  or 
awnless  character.  The  spring  wheats,  which  were  all  regarded  as 
being  awned,  were  placed  in  three  classes,  with  white,  amber,  or  red 
kernels. 

Tracy,  in  1881  (213) ,  listed  a  number  of  wheat  varieties  grown  by 
him  at  the  Missouri  Agricultural  Experiment  Station.  The  varieties 
were  partly  described,  showing  the  "  bearded  "  or  "  smooth  "  heads 
and  the  color  and  size  of  the  kernels.  He  mentions  several  varietal 
names  as  being  synonyms. 

Devol,  in  1887  (76)  and  in  1888  (77),  published  a  classification  of 
the  wheat  varieties  being  grown  at  the  Ohio  Agricultural  Experiment 
Station.  This  classification  was  further  developed  by  Hickman 
(114),  who  in  1889  divided  the  varieties  into  eight  morphological 
groups. 

Plumb,  in  1889  (162),  described  a  large  number  of  wheat  varieties, 
chiefly  American,  and  gave  the  histories  of  many  of  them. 

Blount,  in  1892  (40),  listed  478  varieties  of  wheat  that  he  was 
growing  experimentally  in  New  Mexico.  Histories  of  some  of  these 
were  given. 

Carleton,  in  1900  (50),  summarized  the  varietal  information  of 
that  time,  listed  about  350  varieties,  gave  their  source  by  countries 
and  their  principal  characters,  and  grouped  them  by  districts  of 
the  United  States  to  which  they  are  best  adapted. 

Scofield,  in  1902  (187),  classified  and  described  a  large  number 
of  durum  wheats  grown  in  Algeria,  many  of  which  were  introduced 
into  the  United  States  about  1901.  He  also  described  the  characters 
used  in  classification.  In  1903  Scofield  (188)  prepared  a  detailed 
list  of  characters  to  be  used  in  the  description  of  wheat  varieties. 
He  did  not  publish  the  descriptions  of  any  varieties  at  that  time. 
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The  application  of  the  terminology  was  partly  illustrated  by  plates 
accompanying  the  article. 

Williams,  in  1905  (229),  listed  and  partly  described  about  60 
varieties  of  wheat  that  were  under  experiment  at  the  Ohio  Agricul- 
tural Experiment  Station  at  that  time. 

Hume,  Center,  and  Hegnauer,  in  1908  (123) ,  briefly  classified  the 
wheat  varieties  grown  in  experiments  in  Illinois  and  gave  the  history 
and  partial  descriptions  of  some  of  the  Russian  and  American 
varieties. 

Scherffius  and  Woosley,  in  1908  (185),  published  illustrations  of 
36  varieties  of  wheat  grown  by  the  Kentucky  Agricultural  Experi- 
ment Station. 

Noll,  in  1913  (155),  presented  a  tabular  description  of  varieties 
grown  by  the  Pennsylvania  Agricultural  Experiment  Station. 

Leighty,  in  1914  (1^0),  gave  a  list  of  the  leading  varieties  of 
wheat  grown  in  the  eastern  half  of  the  United  States,  arranging 
them  in  classified  groups  by  kernel  and  spike  characters. 

Schafer  and  Gaines,  in  1915  (183),  recorded  brief  descriptions  of 
the  principal  wheat  varieties  of  Washington,  together  with  their 
histories. 

Nelson  and  Osborn,  in  1915  (152),  gave  a  brief  tabular  descrip- 
tion of  the  wheat  varieties  grown  at  the  Arkansas  Agricultural 
Experiment  Station  during  the  period  from  1908  to  1914. 

Reisner,3  in  1915,  compiled  much  valuable  information  on  the 
description  and  history  of  New  York  varieties. 

Ball  and  Clark,  in  1915  (32),  presented  keys  to  the  groups  of 
hard  red  spring  wheat  and  the  durum  wheats  grown  in  the  United 
States  and  described  and  gave  the  histories  of  the  more  important 
varieties. 

Carleton,  in  1916  (52),  listed  the  leading  wheat  varieties  of  the 
world,  including  American  varieties.  They  were  grouped  into  the 
botanical  groups  used  by  Koernicke  and  Werner.  No  attempt  was 
made  to  distinguish  between  the  closely  related  agricultural  varieties. 

Stanton,  in  1916  (201),  grouped  a  large  collection  of  wheat  varie- 
ties grown  in  experiments  in  Maryland  and  Virginia  in  accordance 
with  some  of  the  most  obvious  taxonomic  characters. 

Jones,  in  1916  (128),  presented  a  brief  key  to  the  groups  of  common 
spring  and  durum  wheats  grown  in  experiments  in  Wyoming. 

Ball  and  Clark,  in  1918  (35),  published  a  key  to  the  groups  and 
varieties  of  durum  wheat  grown  in  the  United  States. 

Grantham,  in  1918  (99),  listed  a  large  number  of  varieties  that 
were  being  grown  at  the  Delaware  Agricultural  Experiment  Station 
and  stated  whether  they  were  bearded  or  smooth,  the  color  of  the 
grain  and  chaff,  the  height  of  the  plant,  and  the  weight  of  the  kernels. 

Clark,  Stephens,  and  Florell,  in  1920  (65) ,  gave  a  tabular  descrip- 
tion of  over  150  samples  of  Australian  wheat  varieties  grown  in 
experiments  in  the  Pacific  coast  area  of  the  United  States. 

Clark,  Martin,  and  Smith,  in  1920  (62),  keyed  the  groups  of  com- 
mon spring  and  durum  wheat  grown  in  experiments  in  the  northern 

3  Reisner,  John  H.  wheat  in  new  york,  1915.  Unpublished  thesis,  Cornell  Uni- 
versity. The  writers  wish  to  acknowledge  here  the  use  of  this  manuscript,  credit  being 
due  to  both  the  author  and  the  Farm-Crops  Department  of  Cornell  University. 


8  TECHNICAL  BULLETIN    45  9,   TJ.   S.   DEPT.   OF  AGRICULTURE 

Great  Plains  area  of  the  United  States  and  gave  the  histories  of  the 
principal  varieties. 

Stewart,  in  1920  (##£),  presented  keys  and  brief  descriptions  of 
the  commercial  wheat  varieties  grown  in  Utah. 

Clark,  Martin,  and  Ball,  in  1922  (59),  presented  detailed  keys, 
descriptions,  histories,  distributions,  and  synonyms  of  the  wheat 
varieties  grown  commercially  in  the  United  States. 

Schafer,  Gaines,  and  Barbee,  in  1926  (18Jf),  keyed  and  presented 
tabular  descriptions  of  the  wheat  varieties  of  Washington. 

Hill,  in  1930  (117),  presented  the  results  of  a  survey  showing  the 
percentage  of  the  total  production  for  the  wheat  varieties  grown  in 
each  county  in  Oregon  in  1929. 

Gaines  and  Schafer,  in  1931  (91i),  presented  results  of  a  similar 
survey  for  Washington,  giving  the  percentages  of  the  total  acreage 
and  production  for  the  varieties  in  each  county  in  that  State  in  1929. 

The  Northwest  Crop  Improvement  Association  of  Minneapolis, 
Minn.  (H.  E.  Sumner,  secretary),  issued  a  Dictionary  of  Spring 
Wheat  Varieties  in  the  United  States  in  1933  (156). 

SUMMARY   OF  PREVIOUS   CLASSIFICATIONS 

From  the  beginning  of  botanical  classification  there  was  a  tendency 
to  regard  the  different  forms  of  wheat  as  distinct  species.  Toward  the 
end  of  the  eighteenth  century,  there  became  evident  a  tendency  to- 
ward the  more  reasonable  view  that  comparatively  few  species  were 
involved  and  that  the  evident  major  groups  were  mostly  to  be  re- 
garded as  subdivisions  of  the  species  sativum  of  Lamarck  or  vvlgare 
of  Villars. 

The  making  of  botanic  species  of  wheat  was  carried  to  great  lengths 
by  the  botanists  of  100  to  200  years  ago,  who  did  not  recognize  that 
the  characters  sufficient  to  separate  species  of  wild  plants  were  suf- 
ficient to  separate  only  agronomic  and  horticultural  varieties  of 
domesticated  plants.  Before  this  fact  was  recognized  and  botanists 
very  largely  had  ceased  to  deal  with  the  forms  of  cultivated  plants, 
some  50  or  60  supposed  species  of  wheat  had  been  described. 

In  the  works  of  most  of  the  botanists  there  was  little  effort  to  study 
and  describe  the  farm  varieties  of  wheat.  However,  Heuze,  Koer- 
nicke  and  Werner,  Eriksson,  Kichardson,  and  others  described  many 
varieties,  and  some  of  their  descriptions  were  fairly  complete.  No 
attempt  had  been  made,  however,  to  show  by  detailed  keys  and  by 
uniform  descriptions  the  minor  differences  that  separate  closely 
related  varieties. 

There  has  been  wide  diversity  among  botanists  in  the  taxonomic 
use  of  the  various  morphological  characters  of  the  wheat  plant  and 
seed.  Only  a  few  authors  have  given  attention  to  the  winter  or 
spring  habit  of  growth  in  wheat  varieties.  Some,  as  Eriksson,  have 
placed  undue  importance  on  differences  in  spike  density.  Many 
writers  have  made  no  use  of  the  colors  of  the  seed  coat  in  separating 
varieties. 

The  classification  of  Koernicke  and  Werner  is  the  most  extensive 
and  the  first  one  that  made  a  definite  attempt  to  describe  and  classify 
foreign  and  domestic  farm  varieties.  While  conservative  as  to  the 
extent  of  reduction  of  the  number  of  species,  these  authors  still 
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maintained  a  complete  Latin  nomenclature  for  forms  as  far  as  the 
fifth  rank.  In  their  discussions  they,  as  well  as  other  investigators 
named,  were  handicapped  through  making  their  studies  in  only  one 
locality.  In  the  present  work,  the  varietial  descriptions  are  based 
on  the  expression  of  each  variety  under  widely  varying  conditions 
of  environment  in  the  United  States. 

PRESENT  INVESTIGATIONS 

The  present  investigations  were  started  in  1915  4  with  the  object  of 
making  a  classification  of  the  wheats  of  the  world.  During  the  first 
2  years  much  time  was  devoted  to  a  study  of  foreign  varieties  and 
several  hundred  introductions  were  added  to  the  large  collection  of 
foreign  wheats  previously  obtained.  In  the  third  year  the  study  was 
devoted  largely  to  diverse  botanical  types  obtained  from  hybrids  or 
distinct  types  found  as  mixtures  in  wheat  fields  in  the  western  part  of 
the  United  States.  It  was  soon  found,  however,  that  if  the  studies 
were  to  be  of  economic  value  they  must  be  limited  to  the  principal 
cultivated  varieties.  All  available  domestic  varieties  were  first 
grown  in  classification  nurseries,  where  they  were  studied,  described, 
and  classified,  and  herbarium  specimens  were  prepared  and  preserved 
in  a  classified  order.  New  varieties  were  added  from  time  to  time  as 
soon  as  they  became  known,  and  each  year  varieties  studied  during 
the  preceding  season,  together  with  the  new  ones,  were  grown  to 
allow  comparisons.  By  this  means  the  classification  became  more 
complete  each  year. 

Clark,  Martin,  and  Ball,  in  1922  (<5P),  presented  descriptions,  his- 
tories, distributions,  and  synonyms  of  230  varieties  grown  up  to  19 19. 
The  present  publication  includes  77  new  varieties,  and  68  of  the  230 
varieties  are  omitted. 

CLASSIFICATION   NURSERIES 

The  classification  nurseries  were  grown  in  widely  separated  sec- 
tions of  the  United  States.  This  was  necessary  in  order  to  determine 
the  expression  of  varietal  differences  under  many  environments  and 
thus  provide  a  classification  that  would  be  usable  wherever  the  varie- 
ties happened  to  be  grown.  It  also  guarded  against  the  loss  of  cer- 
tain varieties.  During  the  10  years  1915  to  1920  and  1930  to  1933 
more  than  30,000  separate  sowings  were  made.  Most  of  these  were 
made  at  experiment  stations  in  the  western  part  of  the  United 
States.  Nearly  all  nurseries  grown  from  1930  to  1933  preparatory 
to  the  revision  of  Department  Bulletin  1074  (59)  were  sown  at  the 
Pendleton  Field  Station,  Pendleton,  Oreg.,  and  at  the  Idaho  Agricul- 
tural Experiment  Station,  Moscow,  Idaho.  Smaller  sowings  were 
made  at  Stillwater,  Okla. ;  Davis,  Calif. ;  and  New  Brunswick,  N.J. 
At  western  points  weather  conditions  are  much  better  for  classi- 
fication purposes  than  at  eastern  points.  The  absence  of  summer 
rains  in  the  Western  States  is  the  principal  reason  for  this,  as  plant 
characters  and  colors  are  more  distinctly  developed.    The  nurseries 

4  The  plan  to  classify  wheat  varieties  was  evolved  by  Carleton  R.  Ball,  then  agronomist 
in  charge  of  western  wheat  investigations,  Office  of  Cereal  Investigations,  Bureau  of 
Plant  Industry. 
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were  sown  in  short  rows,  usually  not  exceeding  5  feet  in  length 
and  a  foot  or  18  inches  apart.  At  the  stations  where  all  varieties 
were  grown  from  both  fall  and  spring  sowing,  each  variety  was 
seeded  in  the  spring  on  one  end  of  the  row  sown  in  the  fall.  Plate 
1  shows  portions  of  the  classification  nurseries  at  Corvallis,  Oreg. 

ASSISTANCE    RECEIVED 

The  first  important  task  was  to  obtain  samples  of  the  different 
Wheat  varieties.  This  was  accomplished  with  the  assistance  of  many 
individuals  and  institutions. 

The  classification  nurseries  at  the  various  stations  usually  were 
sown  by  local  representatives.  The  local  men  also  took  notes  on 
emergence,  heading,  ripening,  and  height  of  the  many  varieties.  Dur- 
ing the  summer  the  writers  visited  the  various  points  and  took  addi- 
tional notes  on  the  characters  of  the  varieties.  The  descriptions 
of  the  varieties  were  written  largely  in  the  field,  and  from  these 
descriptions  keys  were  designed  to  distinguish  the  different  varie- 
ties. The  descriptions  were  checked  and  rechecked  at  the  various 
points,  and  the  different  descriptive  classes  were  established  on  a 
basis  that  is  believed  to  be  broad  enough  to  include  the  varieties 
wherever  grown. 

NATURE   OF  THE  MATERIAL 

The  early  studies  showed  the  necessity  of  working  with  spike  or 
plant  selections.  When  bulk  seed  was  used  it  often  consisted  of 
mixed  varieties,  and  a  wrong  description  might  easily  become  ap- 
plied to  a  variety.  The  same  variety  often  was  represented  by  dif- 
ferent lots  of  seed  obtained  from  different  sources.  These  were  dis- 
tinguished by  different  C.I.  numbers,  which  are  accession  numbers 
of  the  Division  of  Cereal  Crops  and  Diseases.  The  varieties,  how- 
ever, have  always  been  known  by  names  rather  than  by  numbers. 
The  nursery  outlines  also  contained  columns  showing  the  source 
of  the  seed  sown  and  the  original  source  of  the  variety.  In  addi- 
tion, they  showed  whether  the  seed  sown  was  bulk  grain  or  a  selec- 
tion, and,  if  a  selection,  whether  the  same  selection  was  sown  at  all 
stations  or  whether  different  selections  were  used.  In  this  way 
it  was  easily  possible  to  compare  field  notes  accurately  with  those 
of  the  previous  year  or  to  account  for  differences  that  existed  in 
material  of  the  same  name  at  different  stations  in  the  same  year. 
This  latter  condition  often  occurred  when  bulk  grain  or  different 
selections  were  used.  Natural  hybrids  also  thus  were  easily  dis- 
tinguished from  mixtures. 

After  growing  different  seed  lots  of  the  same  variety  for  a  few 
years,  one  was  selected  as  the  standard  for  the  variety.  The  de- 
scriptions here  recorded,  therefore,  should  represent  the  true  type  of 
the  variety.  In  certain  cases,  however,  material  was  limited  to 
samples  obtained  from  only  one  or  two  sources,  and  in  these  cases 
the  judgment  of  the  writers  in  selecting  the  strain  to  represent  the 
variety  may  not  be  so  accurate  as  where  more  samples  of  the  same 
variety  were  available. 

Many  varieties  here  described  are  badly  mixed  in  commercial 
fields  wherever  they  are  grown.    Mention  of  this  sometimes  is  made 
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Plate  I 


Wheat-classification  nursery  at  Corvallis,  Oreg.,  in  1919:  A,  Varieties  of  winter  wheat  grrwn  from  spring 
(1)  and  fall  (2)  sowing.    B,  Varieties  of  spring  wheat  grown  from  spring  (1)  and  fall  (2)  sowing. 
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in  the  descriptions.  In  many  cases  this  will  account  for  differences 
observed  between  a  variety  as  commonly  grown  and  its  description 
as  here  recorded.  In  other  cases,  all  the  characters  here  recorded 
may  not  become  apparent  in  some  localities,  and  this  may  cause  some 
confusion.  The  failure  of  stem  and  glume  colors  to  develop  in  some 
sections  is  an  example  of  this. 

Natural  crossing  between  wheat  plants  occurs  quite  commonly  in 
some  sections  of  the  United  States.  This  natural  crossing  has 
caused  some  difficulty  in  describing  varieties,  especially  because  hy- 
bridization between  closely  related  varieties  could  not  always  be 
detected. 

Several  hundred  mixtures  obtained  from  experimental  plots  and 
commercial  fields  were  grown  in  the  classification  nurseries  for  iden- 
tification. A  few  proved  to  be  mechanical  mixtures  of  varieties 
grown  in  the  locality,  but  most  of  these  were  new  types.  These 
probably  originated,  for  the  most  part,  from  natural  hybrids,  with 
possibly  an  occasional  mutation.  Many  of  the  types  continued  to 
segregate,  thus  proving  their  hybrid  origin.  Many  of  them  closely 
resembled  commercial  varieties  but  were  not  identical  in  all  characters. 

Nearly  every  field  of  wheat  contains  some  plants  that  cannot 
be  identified.  Many  of  these,  in  all  probability,  are  natural  hybrids 
or  mutations. 

DESCRIPTIONS,  HISTORIES,  AND  DISTRIBUTIONS 

For  each  variety  there  are  given  the  description,  the  history  so 
far  as  known,  the  distribution  in  the  United  States,  and  the 
synonymy. 

DESCRIPTION 

The  detailed  descriptions,  which  include  the  more  important  tax- 
onomic  characters,  contain  much  more  information  than  do  the  keys. 
They  are  not  complete,  however,  as  several  of  the  characters  of  the 
wheat  plant  are  omitted  because  they  are  of  little  or  no  value  in 
classification.  The  descriptions  are  thought  to  be  sufficiently  inclusive 
to  provide  a  comprehensive  knowledge  of  the  different  varieties. 

Following  the  description  of  many  varieties  is  a  paragraph  show- 
ing the  chief  characters  that  distinguish  the  variety  from  closely 
related  ones,  and  in  some  cases  mention  is  made  of  known  resistance 
to  diseases  and  of  high  or  low  baking  properties  or  other  qualities. 

HISTORY 

The  history  of  the  origin  of  varieties  cannot  be  neglected  in  a 
classification,  as  many  varieties  are  scarcely  or  not  at  all  distinguish- 
able from  similar  or  closely  related  varieties  and  differ  only  in  their 
origin  and  qualities.  In  this  study  much  attention  has  been  given 
to  the  history  of  varieties,  and  to  many  readers  it  probably  will  be 
the  most  interesting  and  valuable  part  of  the  classification.  The 
compiling  of  these  histories  has  required  a  review  of  the  literature 
on  wheat  varieties  written  during  a  period  of  more  than  200  years. 
The  sources  of  this  information  are  varied.  Introductions  of  for- 
eign varieties  have  been  recorded  by  the  Division  of  Plant  Explora- 
tion and  Introduction,  Bureau  of  Plant  Industry.     Frequent  refer- 
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ence  is  made  to  the  accession  numbers  and  published  inventories  of 
that  Division.  Many  bulletins  of  the  State  agricultural  experiment 
stations  contain  valuable  information  on  the  origin  of  domestic  vari- 
eties. Agricultural  papers  have  been  reviewed,  and  much  informa- 
tion as  to  the  origin  of  varieties  has  been  obtained  from  that  source. 
There  is  still  much  to  learn  concerning  the  origin  of  cultivated  va- 
rieties. The  origin  of  many  probably  has  never  been  recorded,  but 
of  some  for  which  the  origin  has  not  been  determined  tiiere  probably 
is  a  recorded  history  somewhere. 

DISTRIBUTION 

The  commercial  distribution  and  production  of  different  varieties 
are  the  economic  factors  with  which  this  classification  is  concerned. 
Those  varieties  that  are  most  widely  grown  usually  are  the  most 
valuable.  Varieties  that  are  more  productive  may  be  in  existence, 
but  until  they  become  known  and  widely  grown  they  are  of  little 
value.  New  varieties  are  being  continually  produced.  Some  are 
of  little  or  no  value.  Others  are  an  improvement  over  the  older 
standard  varieties,  as  their  use  improves  the  quality  or  increases 
the  efficiency  of  production. 

To  determine  the  acreage  and  distribution  of  the  commercial  va- 
rieties of  wheat  in  the  United  States,  surveys  have  been  made  in  co- 
operation with  the  Bureau  of  Agricultural  Economics.  By  means 
of  these  surveys  a  record  of  the  increase  of  new  varieties  and  the 
decrease  of  old  varieties  is  made  possible. 

The  first  varietal  survey  was  made  in  1919  on  the  basis  of  the  pre- 
liminary wheat  acreage  figures  reported  in  the  Fourteenth  United 
States  Census  (1920)  and  was  published  in  Department  Bulletin 
1074  (59).  A  second  survey,  made  in  1924,  was  based  on  the  wheat- 
acreage  figures  reported  in  the  special  agricultural  census  of  1925, 
and  the  results  were  published  in  Department  Bulletin  1498  (61). 
Circular  283  (64)  gives  information  obtained  from  a  third  survey, 
made  in  1929,  which  was  based  on  the  wheat-acreage  figures  reported 
in  the  Fifteenth  United  States  Census  (1930). 

In  1919,  1924,  and  1929,  respectively,  139,  152,  and  190  distinct 
varieties  were  reported.  Two  hundred  and  twenty-three  varieties 
were  reported  in  the  three  surveys,  the  lists  not  being  identical.  In 
the  1929  survey  46  new  varieties  were  reported  for  the  first  time  and 
33  varieties  reported  in  previous  surveys  were  dropped.  A  few  ad- 
ditional varieties  are  here  included  that  are  known  to  have  been 
grown  on  small  acreages  since  1929,  although  they  were  not  reported. 

The  acreage  and  distribution  of  the  various  wheat  varieties  were 
determined  by  means  of  questionnaires  or  schedules  sent  to  crop 
correspondents  of  the  Division  of  Crop  and  Livestock  Estimates, 
Bureau  of  Agricultural  Economics.  The  method  of  conducting  the 
surveys  is  described  by  Clark  and  Quisenberry  (64) » 

Maps  have  been  made  to  show  the  acreage  distribution  of  the 
more  important  varieties,  the  county  acreage  having  been  used  as 
a  basis.  The  scale  used  on  the  varietal  maps  is  1  dot  for  1,000  acres 
or  less  per  county.  The  complete  distribution  of  a  given  variety 
is  shown  by  a  dot  in  each  county  from  which  the  variety  was  report- 
ed, even  though  less  than  500  acres  were  grown  in  a  county. 
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VARIETAL  NOMENCLATURE 

A  standardized  nomenclature  is  important  because  names  are 
frequently  used  by  agronomic  workers,  growers,  seedsmen,  and  the 
grain  trade.  The  form  and  appropriateness  of  these  names,  there- 
fore, are  of  general  interest.  It  is  desirable  that  they  be  short, 
simple,  and  appropriate,  easily  spelled  and  pronounced.  It  also 
is  desirable  that,  as  far  as  possible,  a  single  name  be  accepted  and 
used  for  each  recognized  variety. 

The  multiplication  of  names  and  other  designations  for  crop 
varieties  has  sometimes  been  carried  to  extremes,  resulting  in  great 
confusion.  Some  varietal  designations  are  merely  descriptive  phrases 
that  are  often  long  and  cumbersome.  Others  are  only  numbers, 
which  sometimes  are  equally  long  and  cumbersome  or  are  easily 
confused.  Because  of  this  condition,  a  code  of  nomenclature  was 
proposed  by  Ball  and  Clark  (36)  and  presented  to  the  American 
Society  of  Agronomy  at  its  annual  business  meeting  on  November 
13,  1917.  With  a  few  minor  changes,  the  code  was  adopted  as 
follows : 

CODE    OF   NOMENCLATURE 

1.  Eligibility  to  Naming. — No  variety  shall  be  named  unless   (a)   distinctly 

different  from  existing  varieties  in  one  or  more  recognizable  characters, 
or  (6)  distinctly  superior  to  them  in  some  character  or  qualities,  and 
(c)  unless  it  is  to  be  placed  in  commercial  culture. 

2.  Priority. — No  two  varieties  of  the  same  crop  plant  shall  bear  the  same  name. 

The  name  published  (see  par.  4)  for  a  variety  shall  be  the  accepted 
and  recognized  name  except  in  cases  where  it  has  been  applied  in  vio- 
lation of  this  code. 

A.  The  term  "  crop  plant ",  as  used  herein,  shall  be  understood  to  mean  those 

general  classes  of  crops  which  are  grouped  together  in  common  usage 
without  regard  to  their  exact  botanical  relationship,  as  corn,  wheat, 
sorghum,  cotton,  potato,  etc. 

B.  The   paramount    right    of    the    originator,    discoverer,    or   introducer    of 

a  new  variety  to  name  it,  within  the  limitations  of  this  code,  shall  be 
recognized. 

C.  Where  the  same  varietal  name  has  become   thoroughly  established  for 

two  or  more  varieties,  through  long  usage  in  agronomic  literature,  it 
should  not  be  displaced  or  radically  modified  for  either  one,  except 
where  a  well-known  synonym  can  be  substituted.  Otherwise  the  varie- 
ties bearing  the  same  name  should  be  distinguished  by  adding  some 
suitable  term  which  will  insure  their  identity. 

D.  Where   several    well-established   names   are   used   for   the  same   variety 

the  list  of  synonyms  shall  be  submitted  to  some  committee  of  the 
American  Society  of  Agronomy.  This  committee  shall  choose  the  name 
which  it  deems  most  suitable,  observing  the  established  Code  of  No- 
menclature. 

E.  Existing  American  varietal  names  which  conflict  with  earlier  published 

foreign  names  for  the  same  or  different  varieties  but  which  have  been 
thoroughly  established  through  long  usage  shall  not  be  displaced  unless 
long-used  and  available  synonyms  exist. 

F.  It  is  recognized  that  certain  strains  of  varieties  may  occur  which  do  not 

differ  from  a  standard  variety  in  recognizable  characters,  but  may  differ 
in  yield,  adaptation,  or  quality  and  are  entitled  to  recognition  by  a 
distinct  name.  Such  strain  shall  be  given  a  new  name,  but  the  name  of 
the  type  variety  in  parentheses  should  follow. 

3.  Form  of  Names. — The  name  of  a  variety  shall  consist  of  a  single  word,  except 

where  it  conflicts  with  rule  2,  C  or  E. 
A.  Varietal  names  shall  be  short,  simple,  distinctive,  and  easily  spelled  and 
pronounced. 
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B.  A  varietal  name  derived  from  a  personal  or  geographical  name  should  be 

spelled  and  pronounced  in  accordance  with  the  rules  governing  in  the 
case  of  the  original  name. 

C.  The  name  borne  by  an  imported  foreign  variety  should  be  retained,  subject 

only  to  such  a  modification  as  is  necessary  to  conform  it  to  this  code. 

D.  The  name  of  a  person  should  not  be  used  as  a  varietal  name  during  his 

lifetime.  The  name  of  a  deceased  person  should  not  be  so  used  except 
by  the  official  action  of  this  or  other  competent  agronomic  bodies.  Per- 
sonal names  in  the  possessive  form  are  inadmissible. 

E.  Names  of  stations,  States,  or  countries,  in  either  the  nounal  or  adjective 

form,  should  not  be  used  as  varietal  names,  except  in  unusual  cases  where 
the  name  is  well  established. 

F.  Such  general  terms  as  hybrid,  selection,  seedling,  etc.,  should  not  be  used 

as  varietal  names. 

G.  A  number,  either  alone  or  attached  to  a  word,  should  not  be  used  as  a 

varietal   name,   but   considered   as   a   temporary   designation    while    the 

variety  is  undergoing  preliminary  testing. 
H.  Names   which    palpably    exaggerate    the    merits    of    a    variety    shall    be 

inadmissible. 
I.  In  applying   the  provisions   of  this   rule  to  varietal  names  which   have 

become  firmly  established  in  agronomic  literature  through  long  usage,  no 

change  shall  be  made  which  will  involve  loss  of  identity. 

4.  Publication. — A  varietal  name  is  established  by  publication.     Publication 

consists  (1)  in  the  distribution  of  a  printed  description  of  the  variety 
named,  giving  its  distinguishing  characters;  or  (2)  in  the  publication  of 
a  new  name  for  a  variety  properly  described  elsewhere,  such  publication 
to  be  made  in  any  book,  bulletin,  circular,  report,  trade  catalog,  or 
periodical,  provided  the  same  bears  the  date  of  issue  and  is  distributed 
generally  among  agronomists  and  crop  growers;  or  (3)  in  certain  cases 
the  general  recognition  of  the  name  for  a  commercial  variety  in  a 
community  for  a  number  of  years  may  be  held  to  constitute  publication. 
A.  Where  two  or  more  admissible  names  are  given  to  the  same  variety,  in  the 
same  publication,  that  which  stands  first  shall  have  precedence. 

5.  Registration. — After  a  classification  is  made,  and  names  assigned  according 

to  the  code,  and  the  same  has  been  officially  adopted  by  this  society,  no 
new  names  shall  be  recognized  by  the  society  except  by  registration. 
Registration  shall  consist  in  the  introducer  submitting  to  the  secretary 
of  the  American  Society  of  Agronomy,  or  some  properly  authorized  com- 
mittee, a  sample  of  seed,  together  with  a  full  statement  and  evidence 
setting  forth  reasons  why  the  variety  is  entitled  to  a  new  name.  The 
society  (or  committee)  shall  then  have  sufficient  time  in  which  to  grow 
the  crop  in  trial  grounds  and  thoroughly  examine  the  claims  before  report- 
ing on  the  new  name. 

6.  Citation. — In  the  full  and  formal  citation  of  a  varietal  name,  the  name  of 

the  author  who  first  published  it  shall  be  given  when  the  same  can  be 
determined. 

7.  Revision. — No  properly  published  varietal  name  shall  be  changed  for  any 

reason  except  conflict  with  this  code,  nor  shall  another  variety  be  substi- 
tuted for  that  originally  described  thereunder. 

Since  the  adoption  of  this  code  simple  names  have  been  given  to 
most  of  the  new  American  varieties.  Examples  are  Ashland,  Ceres, 
Forward,  Honor,  Kota,  Komar,  Minturki,  Nodak,  Oro,  Reward,  and 
Ridit. 

VARIETAL  NAMES  CHANGED 

Many  changes  were  made  in  the  nomenclature  of  wheat  varieties 
in  Department  Bulletin  1074  (59).  Principal  among  these  are  Tur- 
key for  Turkey  Red,  Preston  for  Velvet  Chaff,  Dixon  for  Hump- 
back II,  and  Pentad  for  D-5.  The  code  provides  that,  if  desirable, 
revision  should  be  done,  but  without  losing  the  identity  of  the  name 
of  the  variety.  Revision  was  absolutely  necessary  in  some  cases, 
in  order  to  avoid  duplication  of  names  and  confusion ;  and  in  other 
cases  it  was  desirable  to  simplify  and  standardize  the  nomenclature. 
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In  the  present  classification  the  following  changes  seem  necessary : 
Oregon  Zimmerman  for  Zimmerman,  and  Powerclub  for  Power 
Club. 

REGISTERED    VARIETIES 

Through  a  cooperative  agreement  between  the  Bureau  of  Plant  In- 
dustry and  the  American  Society  of  Agronomy,  the  230  varieties 
described  in  Department  Bulletin  1074  (59)  were  registered  (57) 
as  standard  varieties,  and  43  additional  varieties  originated  since, 
through  introduction,  selection,  or  hybridization,  have  been  regis- 
tered as  improved  varieties  (56,  58,  63) .  These  are  mentioned  in  the 
history  of  all  registered  varieties. 

SYNONYMY 

Many  varieties  are  known  by  several  names.  The  names  here  used 
for  the  recognized  varieties  are  the  original  names  or  the  names  now 
most  commonly  used  or  are  the  new  or  simplified  names,  as  pro- 
vided for  by  the  code  of  nomenclature.  All  other  names  used  for 
the  varieties  here  described  are  considered  synonyms. 

THE  WHEAT  PLANT 

The  different  cultivated  varieties  of  wheat  vary  greatly  in  their 
habit,  form,  and  structure,  but  all  are  annual  grasses.  The  principal 
parts  are  the  roots,  culms,  leaves,  and  spikes.  There  are  two  sets  of 
roots,  the  first  or  seminal  or  seed  roots,  and  the  second  or  coronal 
roots,  the  latter  rising  from  the  crown  of  the  stem.  The  culm  usually 
is  a  hollow,  jointed  cylinder  comprising  3  to  6  nodes  and  internodes. 
The  upper  internode  of  the  culm,  which  bears  the  spike,  is  called 
the  peduncle.  The  leaves  are  composed  of  the  sheath,  blade,  ligule, 
and  auricle.  The  spike  is  made  up  of  the  rachis  and  spikelets, 
the  latter  in  turn  comprising  the  rachillas,  glumes,  lemmas,  paleas, 
and  the  sexual  organs  (the  three  stamens  and  the  single  ovary  with 
its  style  and  stigma).  Each  of  these  parts  may  show  distinct  char- 
acters in  different  varieties.  Those  characters  that  do  not  vary  in 
different  varieties  or  are  not  readily  observed  are  of  little  value 
in  classification.  The  root  characters,  for  example,  which  are  not 
apparent,  cannot  be  conveniently  used,  and  no  attention  has  been 
given  to  them  in  this  work.  Other  characters,  such  as  those  of  the 
sheaths,  ligules,  and  auricles,  are  not  generally  used  because  they 
show  very  slight  differences  in  different  varieties. 

The  keys  and  descriptions  used  here  to  distinguish  and  identify 
varieties  are  based  on  characters  that  show  considerable  variation 
and  therefore  are  of  value. 

TAXONOMIC  CHARACTERS 

The  following  pages  present  in  detail  such  taxonomic  characters 
of  the  wheat  plant  as  have  been  found  in  the  present  study  to  be  most 
useful.  The  characters  used  to  distinguish  the  different  species, 
subspecies,  and  lesser  groups  in  the  genus  Triticum  are  often  of 
no  higher  rank  than  the  characters  used  to  distinguish  the  cultivated 
varieties. 
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In  the  preparation  of  the  key  certain  primary  characters  have  been 
used  in  a  regular  sequence.  These  are  designated  as  major  characters 
and  are  printed  in  capitals.  Certain  other  characters  are  used  to 
separate  further  the  closely  related  varieties.  For  this  purpose  any 
character  is  used  that  serves  to  distinguish  the  varieties  under  dis- 
cussion. The  same  characters  may  not  be  used  in  two  successive 
cases,  and  they  are  not  used  in  any  definite  order.  These  minor 
characters  are  printed  in  ordinary  type.  The  general  principle  fol- 
lowed in  the  choice  of  characters  was  to  progress  from  those  most 
easily  observed  and  most  often  occurring  to  those  least  easily  ob- 
served or  least  often  occurring.  The  principle  governing  the  se- 
quence of  characters  is  to  progress  from  the  absence  of  the  character, 
as  awnlessness,  to  the  presence  of  the  character,  and  from  the  smaller 
size  to  the  greater. 

The  descriptions  of  the  wheat  varieties  are  arranged  in  a  logical 
order  of  plant  development.  The  major  and  minor  characters  used 
in  the  key  are  included  in  their  proper  places  in  the  descriptions,  as 
are  many  minor  characters  not  used  in  the  keys. 

All  the  characters  used  in  the  keys  and  the  descriptions  of  culti- 
vated varieties  are  considered  in  the  following  paragraphs  in  the 
order  of  their  appearance  in  the  descriptions. 

PLANT   CHARACTERS 

Certain  plant  characters  that  are  genetically  different  in  the  several 
varieties  are  of  value  for  classification  purposes.  These  are  the  habit 
of  growth,  the  period  of  growth,  and  the  height  of  the  plant. 

HABIT    OF   GKOWTH 

All  wheat  varieties  are  here  classified  as  having  winter  habit, 
intermediate  habit,  or  spring  habit  of  growth.  In  the  keys  to  the 
cultivated  varieties  they  occupy  the  seventh  and  last  major  position. 

Varro  (in  Columella,  72),  writing  before  the  beginning  of  the 
Christian  era,  called  the  spring  wheats  trimestrian,  because  they  ma- 
tured in  3  months  from  sowing.  Linnaeus  (!Jf2)  treated  them  as 
separate  species  in  his  Species  Plantarum,  but  combined  the  awned 
factor  with  the  spring  habit  in  his  species  aestivum  and  the  winter 
habit  with  the  awnless  factor  in  his  species  hybernum.  Few  agro- 
nomic writers  have  recognized  these  forms  as  distinct  species.  The 
existence  of  winter  and  spring  forms  has  been  recognized  by  most 
authors,  but  has  not  recently  been  used  as  a  character  for  separating 
species  or  even  as  an  important  character  for  separating  varieties. 
The  writers  consider  these  distinctions  to  be  of  less  value  for  classi- 
fication purposes  than  several  spike  and  kernel  characters,  when  the 
whole  country  is  considered,  although  it  is  a  very  important  separa- 
tion in  some  areas.  In  the  southern  part  of  the  United  States,  both 
east  and  west,  several  varieties  of  spring  wheat  are  fall  sown,  and 
growers  do  not  know  whether  they  have  a  spring  wheat  or  a  fall 
wheat.  The  Purplestraw  variety  of  the  Southeastern  States  has  a 
spring  intermediate  habit,  although  it  has  been  grown  from  fall 
sowing  in  that  section  for  more  than  100  years.  Nearly  all  the  vari- 
eties grown  in  Arizona  and  California  are  spring  wheats,  but  they 
are  fall  sown. 
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Hunt  (12 h  V-  54)  as  late  as  1909  claimed  that  winter  and  spring 
wheats  can  be  changed  from  one  form  to  the  other. 

Winter,  intermediate,  and  spring  habits  of  growth  are  now  known 
to  be  inherited  characters.  They  are  the  characters  first  shown  in 
the  descriptions,  as  they  are  first  apparent  in  the  growth  of  the 
plant.  In  the  key  the  wheats  having  a  winter  habit  are  listed  before 
those  having  a  spring  habit,  because  there  are  more  fall  wheats 
than  spring  wheats  and  because  fall  wheat  is  of  much  greater  im- 
portance in  this  country  than  spring  wheat. 

The  intermediate  types  retain  a  prostrate  habit  of  growth  in  most 
localities  when  sown  late  in  the  spring,  but  will  head  normally  when 
sown  early.  Early  winter-wheat  varieties  also  have  a  short  prostrate 
or  dormant  period  and,  when  early  spring  sown,  begin  heading  soon 
after  intermediate  wheats  have  headed.  There  are  also  certain  varie- 
ties of  wheat  commercially  grown  that  are  mixtures  of  growth-habit 
characters.  These  characters  are  not  clear  cut,  as  their  expression 
depends  upon  temperature  and  date  of  seeding,  but  for  the  varieties 
reported  in  this  bulletin  the  differences  have  been  carefully  de- 
termined by  sowing  varieties  on  one  or  more  dates  in  the  spring 
and  observing  their  behavior.  Varieties  classified  as  winter  wheats 
do  not  produce  seed  when  sown  at  normal  dates  for  spring  seeding. 
Winter  wheats  can  be  successfully  produced  in  the  principal  wheat 
areas  of  this  country  only  from  fall  sowing.  When  spring  sown 
they  usually  remain  prostrate  on  the  ground  throughout  the  growing 
season  and  produce  no  culms  or  spikes.  In  some  sections,  or  in  some 
years,  or  when  sown  very  early,  winter-wheat  varieties  when  spring 
sown  will  head  and  produce  seed,  but  heading  in  such  cases  is  often 
irregular  and  usually  occurs  very  late  in  the  season. 

All  varieties  of  wheat  classified  as  spring  wheats  can  be  successfully 
grown  from  fall  sowing  only  in  mild  climates,  such  as  the  southern 
parts  of  the  United  States  and  in  the  Pacific  Coast  States.  In  parts 
of  this  territory  they  will  sometimes  winter-kill.  When  spring  sown 
their  early  growth  usually  is  erect,  and  culms  and  spikes  are  produced 
during  the  early  part  of  the  growing  season. 

TIME    OF    HEADING    AND    RIPENING 

The  relative  dates  on  which  varieties  head  and  ripen  when  sown 
at  the  normal  time  in  regions  where  they  are  adapted  are  useful  in 
identifying  varieties.  The  heading  date  ordinarily  is  more  useful 
than  the  ripening  date.  The  relative  order  of  maturity  is  indicated 
by  classing  varieties  as  early,  midseason,  or  late.  The  relative  time 
of  heading  and  ripening  is  somewhat  dependent  on  time  of  seeding 
and  also  varies  somewhat  in  different  areas.  More  than  usual  caution 
must  therefore  be  exercised  in  making  use  of  these  characters. 

HEIGHT 

The  height  of  the  plant  also  is  often  an  important  factor  in  wheat 
production,  because  it  may  determine  the  method  or  ease  of  harvest- 
ing and  the  susceptibility  of  varieties  to  lodging.  Height  is  measured 
from  the  surface  of  the  ground  to  the  tip  of  the  spike,  not  including 
the  awns  of  awned  varieties.  All  varieties  of  wheat  have  been  placed 
in  three  classes — short,  mid-tall,  and  tall.    These  are  characters  of 
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minor  value  for  classification  and  are  used  only  for  separating  or 
distinguishing  otherwise  closely  related  varieties.  The  principles 
governing  the  grouping  of  varieties  as  early,  midseason,  and  late 
apply  here  also.  As  an  example,  under  California  conditions  wheats 
from  12  to  36  inches  in  height  would  be  classed  as  short,  wheats 
from  24  to  48  inches  in  height  would  be  called  mid-tall,  and  wheats 
from  36  to  60  inches  high  would  be  considered  tall.  In  most  other 
sections  of  the  country  these  differences  would  not  be  so  great.  In 
order  to  use  the  height  of  the  plant  for  classification,  the  height  of 
certain  varieties  must  be  determined  and  used  for  comparison.  There 
are  also  cases  where  the  relative  height  is  changed  when  the  varieties 
are  grown  in  different  sections  of  the  country ;  for  example,  some  of 
the  club  wheats  are  usually  short  when  grown  east  of  the  Rocky 
Mountains  but  relatively  tall  when  grown  west  of  these  mountains. 

STEM  CHARACTERS 

There  are  two  characters  of  the  stem  of  wheat  varieties  that  are 
useful  in  classification,  namely,  color  and  strength. 

COLOR 

All  varieties  of  wheat  are  here  classified  as  having  white  or  purple 
stems.  These  characters  are  of  minor  importance  in  classification, 
for  in  many  localities  and  in  some  seasons  the  purple  color  common 
to  a  large  number  of  wheat  varieties  does  not  become  apparent.  This 
often  is  the  case  under  conditions  of  extreme  drought  and  also  under 
conditions  of  excessive  moisture.  Under  favorable  conditions,  how- 
ever, this  stem  color  is  very  apparent  during  a  week  or  10  days  in 
the  ripening  period.  When  apparent,  the  color  differences  are  very 
useful  in  distinguishing  varieties.  The  color  is  usually  most  ap- 
parent on  the  peduncle,  or  uppermost  internode  supporting  the 
spikes,  but  often  continues  downward  to  the  sheaths  of  the  lower 
leaves. 

Those  varieties  here  described  as  having  white  stems  may  have  a 
stem  color  ranging  from  a  cream  to  a  golden  yellow.  Few,  if  any, 
have  stems  that  are  truly  white  or  with  an  absence  of  color. 

The  varieties  classed  as  having  purple  stems  may  have  a  stem 
ranging  in  color  from  a  pale  violet  to  a  dark  purple.  In  some 
varieties  this  coloring  may  occur  only  in  a  short  portion  of  the 
peduncle.  It  sometimes  does  not  occur  in  the  peduncle  and  is  present 
only  in  the  sheaths.  Koernicke  and  Werner  \136)  used  color  differ- 
ences in  describing  many  of  the  varieties  with  which  they  worked. 
Heuze  (113,  p.  54)  pointed  out  the  two  contrasting  characters,  which 
he  called  "  white  "  and  "  reddish." 

STRENGTH 

The  strength  of  the  stem  usually  is  an  important  character.  In 
many  localities  lodging  is  one  of  the  most  serious  problems  in  wheat 
production,  as  many  varieties  lodge  under  conditions  of  excessive 
moisture.  All  varieties  here  discussed  are  classified  into  three 
groups,  having  weak,  mid-strong,  or  strong  stems,  respectively. 
Stems  classed  as  weak  are  also  usually  slender,  with  very  thin  walls. 
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Varieties  with  such  stems  have  a  greater  tendency  to  lodge,  which 
in  turn  causes  harvest  losses  and  increases  the  cost  of  harvesting. 
The  successful  cultivation  of  weak-stemmed  varieties  usually  is 
limited  to  semiarid  or  arid  regions. 

The  varieties  classed  as  having  mid-strong  stems  usually  will  not 
lodge  under  conditions  where  wheat  is  grown  extensively.  In  this 
class  are  included  the  greatest  number  of  varieties.  A  considerable 
variation  exists  within  this  group,  and  in  humid  or  irrigated  sec- 
tions varieties  here  described  as  having  mid-strong  stems  might 
more  properly  be  classed  as  weak.  In  dry-farming  sections  certain 
of  these  stems  might  more  properly  be  classed  as  strong. 

The  varieties  here  described  as  having  strong  stems  are  those 
that  will  not  lodge  readily  under  excessively  humid  conditions. 
Only  by  a  severe  rain,  hail,  or  wind  storm  can  the  stems  of  these 
varieties  be  bent  or  broken  down.  Comparatively  few  of  the  cul- 
tivated wheats  come  in  this  class. 

LEAF  CHARACTERS 

The  principal  parts  of  the  leaves  of  wheat  plants  are  the  sheath, 
blade,  ligule,  and  auricle.  None  of  these  parts  usually  show  differ- 
ences that  are  of  even  minor  value  for  distinguishing  cultivated 
varieties. 

The  blades  of  wheat  varieties  vary  considerably  in  their  dimen- 
sions, in  the  shade  of  green  color,  and  in  the  angle  to  the  culm 
maintained  during  the  successive  periods  of  growth.  These  differ- 
ences, however,  are  apparent  during  only  a  short  period.  As  the 
plant  matures,  the  blades  dry  and  frequently  break  off.  In  this  bul- 
letin very  little  use  is  made  of  leaf  characters.  A  few  varieties  are 
noted  as  having  especially  broad  or  narrow  blades  or  as  being 
pubescent. 

Koernicke  and  Werner  {135)  and  others  have  described  the  color 
of  the  blades  of  both  the  seedlings  and  the  partly  grown  plants. 
This  also  was  attempted  in  the  present  studies,  but  the  differences 
were  found  to  be  so  slight  and  undependable  that  no  definite  classes 
could  be  established  by  using  the  character.  No  two  persons  can 
agree  as  to  the  various  shades  of  green  shown  by  the  blades  of  wheat, 
even  when  a  standard  color  chart  is  used.  The  color  varies  with  the 
condition  of  the  plant  as  affected  by  the  temperature,  the  soil  mois- 
ture, and  the  soil  solution.  The  appearance  of  the  color  is  changed 
by  the  character  of  the  venation  and  of  the  blade  surface.  The 
plants  appear  to  have  a  different  color  in  the  sunlight  from  that 
in  the  shade,  and  the  value  changes  also  according  to  the  position 
of  the  observer  with  regard  to  the  direction  of  the  rays  of  the  sun. 
In  general,  the  hard  red  winter  wheats  have  dark-green  blades, 
while  all  durum  varieties  have  blades  with  a  light-green  color. 

The  blade  widths  are  mentioned  in  describing  only  a  few  varieties, 
because  nearly  all  varieties  are  very  much  alike  in  this  character. 
The  hard  red  winter  wheats  are  distinctly  narrow-leaved,  while 
soft  varieties,  like  Sol  and  Red  Russian,  have  wide  leaf  blades. 
Winter  varieties  having  the  narrowest  blades  usually  are  most 
winter-hardy.  The  length  of  the  blade  has  not  shown  sufficient 
constant  differences  for  taxonomic  purposes. 
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The  terminal  leaf  of  different  varieties  of  wheat  is  sometimes 
quite  erect  and  sometimes  drooping  at  various  angles.  These  differ- 
ences are  greatest  just  previous  to  the  heading  period,  but  fre- 
quently are  not  apparent  a  few  days  later.  Chiefly  because  of  the 
instability  of  this  character,  it  is  not  used  in  this  classification.  In 
some  varieties  like  Hard  Federation  and  White  Federation  the 
flag  leaf  is  curled  or  twisted,  whereas  in  most  varieties  it  is  flat. 

The  sheaths  normally  enclose  about  the  lower  two-thirds  of  the 
culm,  although  in  dry  seasons  the  spike  sometimes  is  not  entirely 
exserted.  The  edges  of  the  sheath  overlap  on  the  side  opposite  the 
blade.  The  sheaths  may  be  either  white  or  purple.  During  early 
growth  they  usually  are  quite  scabrous,  but  they  become  smoother 
at  maturity.  There  are  some  differences  in  these  characters  in  the 
cultivated  varieties,  but  they  are  few  and  minute.  After  a  careful 
study  the  writers  decided  not  to  include  any  sheath  characters  in  the 
descriptions. 

The  same  decision  was  reached  in  regard  to  the  minute  differences 
observed  in  the  ligules  and  auricles.  The  ligules  usually  are  short, 
varying  from  1  to  2  mm  long  and  becoming  lacerate  as  the  plant 
matures.  Auricles  always  are  present  on  wheat  leaves.  They  are 
narrow  to  mid-wide,  usually  strongly  curved,  with  a  few  long  stri- 
gose  hairs  on  the  outer  margin.  The  auricles  often  are  purple  in 
the  young  stage,  sometimes  changing  to  white  as  the  plant  matures. 

SPIKE    CHARACTERS 

The  entire  inflorescence  on  one  culm  is  called  the  spike.  It  is 
made  up  of  separate  groups  of  flowers  known  as  "  spikelets."  These 
are  borne  singly  on  alternate  sides  of  a  zigzag,  flattened,  channeled, 
jointed  rachis,  parallel  to  its  flat  surface.  At  the  base  of  each  spike- 
let,  on  the  apex  of  each  rachis  joint,  a  tuft  of  short  hairs  usually 
occurs.  These  hairs  may  be  white  or  brown  in  color,  but  the  differ- 
ences are  difficult  to  distinguish,  partly  because  the  hairs  frequently 
are  discolored. 

Spikes  differ  greatly  in  form  and  degree  of  compactness.  Club 
wheats  (Triticum  compactum)  have  been  separated  from  common 
wheats  (T.  vulgar e)  principally  because  of  their  distinctly  compact 
or  dense  spikes. 

In  distinguishing  the  cultivated  varieties,  five  spike  characters  are 
used.  These  are  awnedness,  shape,  density,  position,  and  shattering 
of  the  spikes. 

AWNEDNESS 

Awns  are  sometimes  of  importance  agriculturally  and  usually  the 
character  most  readily  apparent.  For  these  reasons  this  character 
is  given  precedence  over  all  others  in  preparing  the  keys.  Some 
earlier  writers,  as  previously  stated,  used  this  character  for  sepa- 
rating so-called  species. 

Varieties  are  separated  into  two  major  groups  on  the  basis  of  the 
awnedness  character,  namely,  awnless  to  awnleted,  and  awned.  As  a 
minor  character  in  the  key  and  in  the  descriptions  the  awnless  to 
awnleted  group  is  subdivided  into  awnless,  apically  awnleted,  and 
awnleted.  Awnless  varieties  have  no  awnlets  or  short  apical  awns. 
Apically  awnleted  varieties  have  short  awnlets  1  to  15  mm  long  at 
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the  apex  of  the  spike.  Awnleted  varieties  have  awnlets  3  to  40  mm 
Jong,  the  shorter  ones  occurring  near  the  base  of  the  spike  and  the 
length  increasing  toward  the  apex. 

Awned  varieties  are  those  that  have  an  awn  or  beard  that  termi- 
nates the  lemmas  on  all  spikelets.  These  awns  usually  increase  in 
length  from  the  basal  part  of  the  spike  upward.  In  the  common 
wheats,  awns  seldom,  if  ever,  exceed  10  cm  in  length.  In  durum  and 
poulard  wheats,  however,  they  usually  range  from  10  to  20  cm  in 
length. 

SHAPE 

Spikes  differ  greatly  in  shape,  length,  and  width.  They  may  be 
flattened  parallel  or  at  right  angles  to  the  plane  of  the  face  of  the 
spikelets.  Those  flattened  parallel  to  this  plane  are  widest  when 
seen  in  face  view  and  can  be  said  to  be  dorsoventrally  compressed. 
All  varieties  of  common  wheat  have  spikes  thus  formed,  except  those 
that  are  clubbed  at  the  tip,  in  which  case  they  are  only  partly  so. 
Spikes  that  are  flattened  at  right  angles  to  the  plane  of  the  face  of 
the  spikelets  are  narrow  when  seen  in  face  view  and  may  be  described 
as  laterally  compressed.  The  club,  durum,  and  poulard  wheats  are 
separated  from  the  common  wheats  partly  on  the  basis  of  having 
such  spikes. 

In  general,  spikes  vary  in  length  from  5  to  15  cm  but  are  usually 
8  to  12  cm  long.  They  vary  in  width  or  thickness  from  1  to  3  cm. 
The  differences  in  length  and  width  are  not  used  in  themselves,  but 
are  often  combined  with  the  spike  shape  in  a  compound  descriptive 
word. 

Whether  dorsoventrally  or  laterally  compressed,  whether  long  or 
short,  or  narrow  or  wide,  spikes  are  classified  in  the  keys  as  having 
the  following  four  general  shapes — fusiform,  oblong,  clavate,  and 
elliptical.  These  shapes  are  shown  in  plate  2.  For  all  common 
wheats  these  shapes  are  determined  from  a  face  view  of  the  spike- 
lets and  for  all  club,  durum,  and  poulard  wheats  from  an  edge  view 
of  the  spikelets. 

Heuze  {113)  used  several  different  spike  shapes  as  the  leading 
characters  in  separating  varieties  within  the  species.  The  shapes 
mentioned,  however,  are  here  considered  only  as  minor  characters, 
though  nevertheless  they  are  very  useful  in  distinguishing  varieties. 

Spikes  classed  as  fusiform  taper  toward  the  apex  or  from  the 
middle  toward  both  base  and  apex.  The  larger  number  of  varieties 
of  common  wheat  have  spikes  of  this  shape. 

Spikes  described  as  oblong  are  usually  uniform  in  width  and 
thickness  throughout  the  length  of  the  spike,  but  are  always  several 
times  longer  than  wide. 

Varieties  classed  as  having  clavate  spikes  are  clubbed,  that  is,  dis- 
tinctly larger  and  more  dense  at  the  apex.  This  is  due  to  a  shorten- 
ing of  the  rachis  internodes  in  that  part  of  the  spike,  which  results 
in  a  change  from  dorsoventral  to  lateral  flattening  and  a  broadening 
of  the  upper  portion  of  the  spike. 

Elliptical  spikes  are  short  and  quite  uniformly  rounded  at  both 
the  base  and  apex,  but  are  flattened  on  the  sides.  Most  varieties  of 
club  wheat  have  spikes  of  this  shape. 

In  the  descriptions  of  varieties  these  designations  of  spike  shapes 
have  sometimes  been  modified  to  take  into  account  the  length  and 
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width  of  the  spikes  and  the  overlapping  of  shapes  that  occurs  in 
some  varieties. 

Spikes  that  are  unusually  long  are  described  as  linear-fusiform, 
linear-clavate,  etc.  If  spikes  are  unusually  short,  that  fact  is  in- 
cluded in  the  description.  Broad  spikes  may  be  described  as  broadly 
fusiform  or  broadly  oblong  and  narrow  spikes  as  narrowly  fusi- 
form, etc. 

Varieties  that  are  nearly  intermediate  between  any  of  the  shapes 
are  sometimes  described  as  oblong-fusiform  or  oblong  to  subclavate. 
By  the  use  of  these  compound  descriptive  terms  spike  shapes  are 
more  accurately  presented  in  the  description  than  they  can  be  in 
the  keys,  where  brevity  is  imperative. 

DENSITY 

The  differences  in  shape  of  spikes  shown  above  are  due  in  part  to 
differences  in  density.  All  spikes  are  described  as  of  three  density 
classes,  viz,  lax,  mid-dense,  and  dense.  These  are  minor  differences 
that  are  used  to  advantage  in  distinguishing  varieties.  Seringe 
(190)  separated  the  common  wheats  into  two  groups,  having  lax 
and  dense  spikes,  respectively.  Koernicke  and  Werner  (135)  de- 
scribed the  spikes  of  many  varieties  according  to  different  degrees 
of  density.  Neergaard  (150)  suggested  a  formula  for  use  in  measur- 
ing the  density  of  the  spike.  Eriksson  (87)  subdivided  the  botani- 
cal groups  of  Koernicke  and  Werner  on  the  basis  of  density  into  sub- 
varieties  called  laasum,  densum,  and  capitatum.  He  measured  the 
density  of  spikes  by  determining  the  number  of  spikelets  in  100  mm 
of  rachis  length.  Heuze  (113)  used  the  spike  density  along  with 
spike  shape  as  the  leading  character  in  separating  varieties.  Boshna- 
kian  (4.1)  described  means  of  measuring  density  and  suggested  the 
name  Triticum  compacto -capitatum  for  varieties  of  club  wheat  hav- 
ing clavate  heads. 

Many  measurements  have  been  made  by  the  writers  to  determine 
the  difference  in  density  of  the  spikes  of  the  varieties  here  described. 
The  most  definite  were  found  comparable  at  one  station  for  1  year, 
but  otherwise  were  of  little  value.  It  was  found  necessary  to  estab- 
lish density  classes  of  rather  indefinite  limits.  In  this  way  allowance 
was  made  for  the  varying  conditions.  The  density  classes  were  fixed 
as  lax,  mid-dense,  and  dense  by  determining  the  number  of  milli- 
meters occupied  by  10  internodes  of  the  rachis  measured  in  the  center 
of  the  spikes.  By  this  method  spikes  are  classed  as  lax  when  10 
internodes  occupy  from  50  to  75  mm,  as  mid-dense  when  10  inter- 
nodes occupy  from  35  to  60  mm,  and  as  dense  when  10  internodes 
occupy  from  20  to  45  mm.  The  greater  number  of  varieties  are  in- 
cluded in  the  mid-dense  class,  which,  according  to  the  above  measure- 
ments, overlaps  both  the  dense  and  lax  classes  by  two-fifths  of  their 
entire  range. 

POSITION 

The  position  of  the  spike  at  maturity  is  often  distinctly  different 
in  different  varieties.  Spikes  are  here  described  as  erect,  inclined, 
or  nodding.  Heuze  (113)  used  essentially  these  same  distinctions  in 
describing  his  varieties. 
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Plate  2 


Spike  shapes  of  wheat  varieties:  Fusiform  (1  and  2);  oblong  (3  and  4);  clavate  (5  and  6);  elliptical  (7). 
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Those  varieties  described  as  having  erect  spikes  mature  with  the 
spike  in  an  approximately  vertical  position.  The  spikes  of  these 
varieties  seldom,  if  ever,  are  inclined  more  than  15°  from  the  vertical 
at  maturity.  Spikes  of  varieties  that  are  described  as  inclined  usually 
mature  at  an  angle  of  approximately  15°  to  45°  from  the  vertical,  but 
sometimes  are  nearly  erect  and  under  some  conditions  will  become 
slightly  nodding.  The  majority  of  wheat  varieties  come  within  this 
class.  Varieties  that  are  described  as  having  nodding  spikes  usually 
mature  with  the  spike  in  a  drooping  position,  the  apex  of  the  spike 
being  lower  than  the  base.  Spikes  of  such  varieties  sometimes  are 
only  inclined  if  they  are  not  well  filled  with  grain  when  ripe. 

SHATTERING 

Glumes  of  different  varieties  vary  in  the  tenacity  or  firmness  of 
attachment  to  the  rachis.  This  and  possibly  other  characters  cause 
varieties  to  differ  greatly  in  their  resistance  to  shattering.  The 
durum  and  club  varieties  usually  do  not  shatter  easily.  Most  com- 
mercial varieties  of  common  wheat  are  resistant,  but  some  varieties 
are  subject  to  loss  of  grain  by  shattering  if  allowed  to  stand  in  the 
field  after  they  reach  maturity.  Such  varieties  are  not  adapted  for 
harvesting  with  the  combine.  This  character  is  mentioned  only  for 
the  varieties  that  shatter  easily. 

GLUME   CHARACTERS 

The  unit  of  the  spike  is  the  spikelet.  It  consists  of  several  flowers 
or  florets  attached  alternately  to  opposite  sides  of  a  central  axis  or 
rachilla.  These  flowers,  2  to  5  in  number,  are  subtended  by  two 
empty  scales,  called  the  glumes,  the  keel  of  which  terminates  in  a 
tooth  or  beak.  Each  floret  consists  of  a  flowering  glume,  called  the 
lemma,  and  a  thin  two-keeled  glume,  called  the  palea.  These  two 
glumes  enclose  the  sexual  organs.  The  lemma  encloses  the  back, 
dorsal,  or  outer  portion  of  the  mature  kernel  and  in  the  awned 
varieties  terminates  in  an  awn.  The  lemma  itself  is  of  little  or 
no  use  in  classification.  The  palea  protects  the  inner  or  crease  side 
of  the  kernel.  It  differs  from  the  lemmas  in  having  its  back  instead 
of  its  face  toward  the  rachilla  or  axis  of  the  spikelet.  Like  the 
lemmas,  it  is  not  used  in  distinguishing  varieties.  The  outer  glumes, 
however,  are  much  used. 

The  covering  and  coloring  of  the  glumes  are  major  characters  of 
the  second  and  third  place,  respectively.  The  length  and  width  of  the 
glumes  also  are  used,  but  are  of  only  minor  importance. 

COVERING 

Glumes  of  all  varieties  here  discussed  are  described  as  glabrous 
or  pubescent  (fig.  1).  Host  (119)  placed  the  pubescent-glumed 
wheats  in  a  separate  species  called  Triticum  villosum.  Several  later 
authors  also  considered  pubescent  wheats  as  different  species.  This 
character  is  used  here,  however,  only  as  a  major  one  in  separating 
varieties,  but  is  given  the  second  place  in  the  keys  because  of  the 
definite  and  striking  contrast  between  absence  and  presence.  This 
is  in  accordance  with  the  usage  of  Koernicke  and  Werner  (135). 
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Glumes  described  as  glabrous  are  without  any  covering  of  hairs. 
Those  described  as  pubescent  are  more  or  less  covered  with  hairs  of 
varying  length.  Pubescence  usually  is  readily  apparent.  The  de- 
gree of  pubescence  varies  in  the  different  va- 
rieties. On  some  the  hairs  are  much  longer 
and  more  numerous  than  on  others.  Glumes 
of  some  durum  varieties  are  partly  glabrous 
and  partly  pubescent,  but  are  classed  as  pu- 
bescent. In  such  varieties  the  pubescence  is 
most  often  found  on  the  edge  of  the  glumes. 


a  6 

Figure  1. — Glume  covering  : 
a,  Glabrous ;  b,  pubescent. 
(Natural  size  and  enlarged 
3  diameters.) 


COLOR 

Ojt^\  Differences  in  glume  color  were  early  rec- 

|^  ognized.    Lamarck  (136)  used  these  distinc- 

tions in  classifying  varieties.  Glume  color 
is  here  used  as  a  major  character  and  occu- 
pies third  position  in  the  key  because  of  the 
distinct  differences  that  are  readily  apparent 
when  the  plants  are  mature.  This  is  also 
in  accordance  with  the  usage  of  Koernicke  and  Werner  (135).  All 
glumes  are  classed  as  white,  yellowish,  brown,  or  black. 

Glumes  classed  as  white  may  vary  in  color  from  a  cream  or  pale- 
straw  color  to  a  dark  yellow.  Practically  no  glumes  are  without 
color.  Within  the  class,  however,  there  are  two  rather  distinct 
shades.  Some  taxonomists  have  classified  them  separately  as  white 
and  yellowish.  In  the  present  bulletin,  however,  both  shades  are- 
placed  in  the  same  class  and  described  only  by  the  one  term  "  white  " 
except  in  the  case  of  the  durums,  which  are  classed  separately  as 
white  and  yellowish.  In  the  descriptions  the  glumes  of  some  va- 
rieties of  common  wheat  are  described  as  being  yellowish  white, 
indicating  a  darker  glume  than  those  described  as  white.  A  few 
varieties  have  white  or  yellowish  glumes  with  brown  or  black  stripes 
or  nerves,  or  the  glumes  are  sometimes  tinged  on  the  edges  with 
brown  or  black.  Such  varieties  are  placed  in  the  white-glumed 
class  and  the  peculiar  markings  are  indicated  in  the  descriptions. 
The  Blackhull  variety  has  glumes  that  usually  are  tinged  with  black 
but  sometimes  are  almost  entirely  black.  The  Kudy  variety  has 
black  stripes  along  the  edges  of  the  glumes. 

Glumes  of  durum  varieties  classed  as  yellowish  are  much  darker 
than  those  of  the  common  wheats  classed  as  white  but  similar  to  those 
described  as  yellowish  white.  This  yellowish  class,  therefore,  is 
quite  distinct.    It  may  range  in  color  from  yellow  to  buff. 

The  brown-glumed  class  usually  is  still  darker  than  this  yellowish 
class  and  may  vary  in  shade  from  light  to  dark  brown  and  bluish 
brown,  and  in  some  varieties  there  is  a  reddish  or  mahogany  tinge. 
For  the  latter  reason  some  taxonomists  have  used  the  term  "red", 
but  in  the  present  work  the  writers  prefer  the  term  "  brown  ",  as  it 
more  accurately  describes  the  glume  color  of  the  class  as  a  whole. 

Wheats  having  entirely  black  glumes  are  rare  in  the  United  States, 
the  few  exceptions  being  among  the  durums  and  emmers.  Among 
the  common  wheats  there  are  no  commercial  varieties  having  glumes 
that  are  entirely  black. 
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LENGTH 


Glume  lengths  are  described  as  short,  mid-long,  and  long  and  are 
used  as  minor  characters  in  the  varietal  descriptions.  These  length 
differences  are  illustrated  in  figure  2.  Usually  small-kerneled  varie- 
ties have  short  glumes  and  large- 
kerneled  varieties  long  glumes,  but 
there  are  exceptions  to  this.  The 
glumes  are  usually  about  three- 
fourths  the  length  of  the  lemmas, 
although  in  some  long-glumed 
varieties  the  glumes  and  lemmas 
more  nearly  approach  the  same 
length.  Polish  wheat  (Triticum 
polonicum)  has  glumes  as  long  as  or 
longer  than  the  lemmas  and  is 
separated  from  the  other  species 
principally  on  this  distinction. 
The  length  of  the  glume  is  here  de- 
scribed as  short,  mid-long,  or  long. 
Heuze  (113)  and  Scofield  (188) 
used  essentially  these  same  terms. 
Most  varieties  of  wheat  have  mid- 
long  glumes.  A  few  varieties,  how- 
ever, are  distinct  in  having  either  short  or  long  glumes.  Short 
glumes  may  have  lengths  varying  from  6  to  10  mm.  Mid-long 
glumes  may  vary  from  8.5  to  12.5  mm  and  long  glumes  from  11  to  15 
mm.  The  glumes  of  Polish  wheat  exceed  this  latter  measurement 
and  are  described  as  very  long. 


Figure  2. — Glume  length  :  a,  Short ;  6. 
mid-long;  c,  long.  (Natural  size  and 
enlarged  3  diameters.) 


The  width  of  glumes  is  used  in  the  same  manner  as  the  length. 
All  glumes  are  described  as  being  narrow,  mid-wide,  or  wide  (fig.  3). 

These  differences  were  pointed  out  by 
Scofield  (188).  The  width  of  the 
glume  is  here  determined  across  its 
center  from  the  keel  to  the  margin  of 
the  outer  side.  Narrow  glumes  may 
vary  in  width  from  2  to  4  mm,  mid- 
wide  ones  from  3  to  5  mm,  and  wide 
ones  from  4  to  6  mm.  The  differences 
are  small  and  much  overlapping  of  the 
classes  occurs.  Wide  glumes  nearly 
cover  the  lemma  at  the  point  of  meas- 
urement, while  narrow  glumes  usually 
cover  less  than  a  third  of  it. 


Figure  3. — Glume  widths  :  a,  Narrow  ; 
&,  mid-wide ;  c,  wide.  (Natural 
size  and  enlarged  3  diameters.) 


SHOULDER    CHARACTERS 


The  shoulder  as  here  considered  is 
the  more  or  less  rounded  end  of  the 
glume  from  the  beak  to  the  lateral  margin,  including  the  part 
referred  to  by  Koernicke  and  Werner  (135),  Hackel  (102),  and 
others  as  side  teeth.  Scofield  (188)  applied  the  name  shoulder  to 
this  portion  of  the  glumes. 
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Considerable  variation  exists  in  shoulder  width  and  shape  in  dif- 
ferent varieties  and  also  in  different  spikes  of  the  same  variety  and 
even  among  the  glumes  on  a  single  spike.  Although  variable,  they 
are  of  some  value  in  classification. 


WIDTH 

The  shoulder  widths  often  differ  from  the  glume  widths.     For 
this  reason  they  are  described  separately,  but  on  the  same  basis  of 

measurement  and  by  the  use  of  the 
same  terms,  narrow,  mid-wide,  and 
wide  (fig.  4). 

SHAPE 

Shoulder  shapes  are  described  in 
overlapping  terms  that  allow  for  a  con- 
siderable variation,  which  is  nearly  al- 
ways present  in  the  same  spike.  The 
terms  used  are  wanting,  oblique, 
rounded,  square,  elevated,  and  apicu- 
late.  These  shapes  are  shown  in  fig- 
ure 5. 

BEAK    CHARACTERS 

The  word  "  beak  "  is  used  here  for 
the  short  projection  that  terminates  the 
keel  of  the  outer  glume.  In  some  va- 
rieties it  approaches  an  awn  in  appear- 
ance. Scofield  (188)  first  used  the  term  "  beak  ",  previous  authors 
having  referred  to  it  as  a  tooth  or  point.  The  beaks  vary  in  width, 
shape,  and  length.  These  characters  are  of  considerable  importance 
in  identification  and  are  used  in  the  descriptions  of  the  varieties. 


Shoulder    widths  :  a, 
6,     mid-wide.;     c,    wide. 
(Natural   size   and   enlarged   3   di- 
ameters.) 


Figure 
Narrow  ; 


Figure  5. — Shoulder  shapes  :  a,  Wanting  ;  t,  oblique ;  c,  rounded  ;  d,  square ;  e,  elevated 
/,  apiculate.      (Natural   size  and  enlarged  3  diameters.) 


Beak  widths  are  described  as  narrow,  mid-wide,  and  wide  (fig.  6). 
The  average  beak  is  only  1  mm  wide,  so  the  variations  are  very 
small,  and  general  observation  is  the  only  basis  for  describing  them. 
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Those  that  are  wider  than  the  average  are  called  wide  and  those 
that  are  narrower  are  called  narrow. 


Figure  6. — Beak  widths :  a,  Narrow  ; 
b,  mid-wide  ;  c,  wide.  (Natural  size 
and  enlarged  3  diameters.) 


Figure  7. — Beak  shapes :  a,  Obtuse ;  b, 
acute;  c,  acuminate.  (Natural  size 
and  enlarged  3  diameters.) 


SHAPE 


The  apex  of  the  beak  varies  considerably  in  shape.  It  is  described 
as  obtuse,  acute,  and  acuminate.  Obtuse  beaks  are  blunt  at  the  apex. 
Acute  beaks  come  to  a  point  at  the  apex.  Acuminate  beaks  are  nar- 
rowly and  very  sharply  pointed.  All  awned  spikes  have  acuminate 
beaks.    These  shapes  are  shown  in  figure  7. 


LENGTH 


Beak  lengths  are  quite  variable,  especially  in  the  awned  varieties, 
and  are  considerably  influenced  by  environment.  In  general,  con- 
ditions that  increase  or  decrease 
the  length  of  the  beak  affect  nearly 
all  varieties  to  a  similar  degree. 
In  the  awnless,  apically  awnleted, 
and  awnleted  wheats  the  differences 
in  length  are  not  great,  but  in 
many  varieties  they  are  quite  dis- 
tinct. The  length  of  the  beak  is 
measured  from  the  shoulder  of  the 
glume  upward.  On  most  awned 
wheats  the  length  increases  from 
the  base  of  the  spike  to  its  apex. 
The  range  of  difference  varies 
greatly  with  the  variety.    For  this 


reason   no   single   measurement   is 


Figure   8. — Beak   lengths,    showing   seven 
variations.      (Natural   size.) 


used  in  describing  the  lengths,  but  instead  the  average  maximum 
and  minimum  lengths  are  given.  None  of  the  awnless  varieties  here 
described  has  beaks  longer  than  3  mm.  Variations  in  beak  lengths 
are  shown  in  figure  8. 

AWN  CHARACTERS 

Certain  characters  of  the  awn  are  distinct.  Some  of  these  are 
important  in  classification,  while  others  are  not.  The  divergence 
of  the  awn  from  the  vertical  is  one  of  the  latter.    The  awns  of  some 
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varieties  are  all  nearly  vertical  or  appressed,  while  others  are  spread- 
ing. These  characters  are  affected  by  drought  or  other  abnormal 
conditions  and  usually  are  not  sufficiently  constant  for  classification 
purposes.  The  awns  of  some  varieties  sometimes  are  deciduous, 
dropping  off  at  maturity.  This  occurs  so  rarely,  however,  that  it  is 
of  little  or  no  use  in  classification.  The  color  and  length  of  the 
awns,  however,  are  factors  of  some  importance  in  this  classification. 

COLOR 

In  the  key  to  the  varieties  of  durum  wheat  the  awn  color  is  used 
as  the  fourth  major  character.  This  method  was  followed  by 
Koernicke  and  Werner  (135).  For  the  other  species  and  subspecies 
the  awn  color  is  used  only  as  a  minor  character.  All  awns  are  de- 
scribed as  white  or  black.  The  white  class  may  include  yellowish 
shades,  and  the  black  class  may  include  shades  of  brown  and  blue. 
Few  varieties  of  common  wheat  have  really  black  awns. 

LENGTH 

The  length  of  the  awn  in  awned  varieties  is  of  slight  value  in 
classification.  No  attempt  has  been  made  in  these  studies  to  separate 
these  varieties  into  classes  with  respect  to  awn  length.  In  all  descrip- 
tions, however,  the  average  extreme  lengths  are  recorded  in  centi- 
meters. 

KERNEL    CHARACTERS 

The  kernel  color,  length,  and  texture  are  the  most  constant  of  all 
the  kernel  characters.  These  are  used  as  major  distinctions.  The 
shape  of  the  kernel  is  considered  of  only  minor  importance,  as  are 
certain  differences  of  the  germ,  crease,  cheeks,  and  brush. 


Kernel  colors  were  early  recognized  as  important  characters  in 
separating  varieties.  Most  varieties  were  observed  to  have  either 
white  or  red  kernels  but  were  sometimes  regarded  as  being  yellow  or 
brown.  The  kernel  color  was  used  by  Koernicke  and  Werner  {135) 
and  by  Vilmorin  (218)  as  one  of  the  leading  taxonomic  characters 
of  wheat.  Heuze  (113)  and  Koernicke  and  Werner  have  indicated 
various  shades  of  white  or  yellow  and  of  red  in  the  descriptions  of 
the  kernel  color.  Eriksson  (87)  believed  that  white  wheat  becomes 
red  and  states  that  the  color  of  grain  is  useless  in  distinguishing  a 
variety.  Cobb  (67)  arranged  the  wheats  he  was  growing  according 
to  the  color  tint  from  lightest  to  darkest.  Howard  and  Howard 
(121,  p.  288)  regard  the  wheat  kernel  as  being  either  white  or  red. 
They  state  that  "  the  particular  tone  or  color  depends  partly  on  the 
consistency  of  the  grain."  Hayes,  Bailey,  Amy,  and  Olson  (106) 
proposed  the  use  of  the  terms  "  red  "  and  "  white  "  in  describing 
the  presence  and  absence  of  a  brownish-red  pigment  in  the  bran 
layer.  The  use  of  the  modification  "  light  red  "  was  suggested  where 
the  degree  of  pigmentation  was  less  than  usual  in  the  red  wheats. 
Three  varieties  of  Abyssinian  wheat  having  violet-colored  kernels 
were  mentioned  by  Koernicke  and  Werner  (135).  The  writers  have 
grown  some  purple-kerneled  wheats  from  Abyssinia  (Ethiopia),  but 
they  are  not  considered  in  the  present  classification. 
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Kernels  of  all  varieties  are  here  grouped  into  two  classes,  de- 
scribed as  white  and  red.  Here,  as  in  the  glume  colors,  many  differ- 
ent shades  are  present.  In  general,  however,  the  two  classes 
distinctly  separate  all  wheats. 

Kernels  of  the  white  class  may  vary  from  cream  to  yellowish,  or 
they  may  be  white,  without  pigment.  White  or  faintly  pigmented 
kernels  may  appear  to  have  different  shades  of  yellow  color  because 
of  differences  in  texture  of  the  endosperm. 

Kernels  of  the  red  class  may  vary  from  light  brown  to  the  darker 
shades  of  red.  The  variations  are  due  to  varietal  differences  and 
environment.  Differences  in  texture,  due  to  varying  conditions,  may 
cause  "  yellow  berries  ",  which  sometimes  give  the  kernels  a  mottled 
appearance.  Some  samples  have  been  received  for  identification 
in  which  kernels  appeared  to  be  partly  red  and  partly  white.  This 
condition  has  been  found  to  be  the  result  of  environment,  as  such 
kernels  produce  plants  with  only  red  kernels. 

Many  writers  have  classed  some  varieties  as  "  amber."  This  usu- 
ally refers  to  a  white  kernel  having  a  translucent  or  vitreous  endo- 
sperm. The  term  "  amber  "  is  used  to  designate  a  certain  subclass 
of  durum  wheat  in  the  United  States  official  grain  standards.  Until 
recent  years  hard  red  kernels  sometimes  were  referred  to  as  amber 
colored.  The  word  "  amber "  also  has  been  used  as  a  part  of  a 
varietal  name,  such  as  Martin  Amber,  which  is  a  soft  white  wheat, 
and  Michigan  Amber,  which  is  a  soft  red  wheat.  Because  of  this 
ambiguity  and  because  wheats  usually  are  either  red  or  white,  the 
word  "  amber  "  is  not  here  used  in  describing  wheat  kernels. 

LENGTH 

The  length  of  the  kernel  is  used  here  as  a  major  character  in 
distinguishing  varieties. 

Koernicke  and  Werner  {135) ,  in  their  descriptions  of  wheat  vari- 
eties, indicated  the  average  length  and  width  of  the  kernels  in  milli- 
meters and  the  average  number  of  kernels 
in  10  g.  The  kernels  were  described  as  very 
small,  small,  large,  and  long.  Hueze  (113) 
described  the  kernels  as  short,  medium,  or 
long.  The  size  of  the  kernels  of  any  vari- 
ety varies  when  grown  in  different  sections 
or  in  different  years  in  the  same  section. 
From  necessity,  therefore,  the  limits  of  the 
classes  in  which  varieties  are  placed  must 
be  overlapping.  A  kernel  of  wheat  reaches 
its  maximum  length  several  days  before 
ripening.  The  length,  therefore,  is  fairly 
constant,  even  when  it  is  considerably 
shrunken,  and  is  the  most  valuable  of  the 
kernel  dimensions  for  taxonomic  purposes. 
In  making  measurements  only  the  nor- 
mal kernels  should  be  used.  The  kernels  from  the  tip  spikelets  on 
a  spike  and  from  the  upper  florets  in  the  spikelet  are  below  average 
length. 


— Kernel    lengths  :  a, 
b,  mid-long ;  c,  long. 

(Natural    size    and    enlarged 

3  diameters.) 
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In  the  keys  two  classes  are  made,  namely,  kernels  short  to  mid-long 
and  kernels  mid-long  to  long.  In  the  descriptions  three  classes — 
short,  mid-long,  and  long — sometimes  are  mentioned  separately. 
These  kernel  lengths  are  shown  in  figure  9. 

The  short  to  mid-long  class  includes  varieties  the  kernels  of  which 
measure  within  the  limits  of  4  to  7.5  mm  in  length.  The  mid-long 
to  long  class  includes  varieties  the  kernels  of  which  come  within 
the  limits  of  6.5  to  10  mm.  For  individual  samples  more  definite 
limitation  is  possible.  For  this  purpose  the  term  "  short "  is  used 
for  kernels  •  ranging  from  4  to  6  mm  in  length,  "  mid-long  "  for 
those  ranging  from  6  to  8  mm,  and  "  long  "  for  those  ranging  from 
8  to  10  mm.  These  latter  measurements  are  considered  as  minor 
characters  and  are  occasionally  used  in  descriptions  either  alone  or 
usually  following  the  adjective.  The  measurements,  enlarged  10 
times,  are  illustrated  in  figure  10. 

SH0*T™  MID-LONG  mid-LONO  TO  LONG- 

4T0  7.Smm.  6.5  TO  10  Trim. 


MI0-L0N&  LONG- 

6  TO  8  mm.  sto  10  mm. 


Figure  10. — Diagram  showing  measurements  of  kernel  lengths  :  Above,  major  characters ; 
below,  minor  characters.  .  (Enlarged   10  diameters.) 

TEXTURE 

The  texture  of  wheat  kernels  is  an  important  character  in  classi- 
fication. It  has  an  economic  value,  as  most  wheat  is  marketed  in 
commercial  classes  which  are  fixed  largely  on  a  basis  of  texture, 
because  hard  wheats  generally  are  better  for  breadmaking  than  soft 
wheats. 

Two  texture  classes  are  used — kernels  soft  to  semihard  and  kernels 
semihard  to  hard.  Here,  as  with  size,  overlapping  class  limits  were 
found  necessary.  In  general,  all  wheat  varieties  can  be  classed 
readily  in  one  or  the  other  of  these  two  groupings.  In  describing 
specific  samples  and  in  individual  description  of  varieties,  three 
classes  are  used  separately,  as  soft,  semihard,  and  hard.  A  soft 
kernel  is  one  that,  when  normally  developed,  has  an  endosperm 
entirely  soft,  mealy,  or  starchy.  A  hard  kernel,  when  normally 
developed,  has  a  corneous,  horny,  or  vitreous  endosperm  throughout. 
A  semihard  kernel  has  an  endosperm  that  is  intermediate  between 
the  other  two. 

The  species  Triticum  durum  was  so  named  by  Desfontaines  (75) 
because  of  the  hardness  of  the  kernels.  Metzger  (llfi)  divided  the 
white-kerneled  wheats  into  two  groups  on  the  basis  of  texture,  the 
starchy  ones  being  considered  as  yellow.  Koernicke  and  Werner 
(135)  described  the  kernels  of  different  varieties  as  being  entirely 
mealy,  nearly  entirely  mealy,  mostly  mealy,  partly  mealy,  partly 
glassy,  mostly  glassy,  nearly  entirely  glassy,  and  entirely  glassy. 
The  texture  of  the  same  variety  varied  in  different  seasons.  These 
authors,  as  well  as  Eriksson  (87),  Fruwirth  (92),  and  Howard  and 
Howard  (121,  p.  232),  conclude  that  kernel  texture  is  useless  as  a 
varietal  character  and  that  it  depends  on  environment.  Hayes, 
Bailey,  Amy,  and  Olson   (106)    suggest  the  terms  corneous,  sub- 
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corneous,  substarchy,  and  starchy  for  describing  the  texture  of  the 
wheat  kernel.  The  writers  have  concluded  that  because  of  the 
variability  in  texture  under  different  environments  one  can  separate 
varieties  of  wheat  accurately  into  only  2  classes  and  fairly  accurately 
into  3  classes.  Soft-kerneled  varieties  grown  under  very  dry  condi- 
tions will  sometimes  become  brittle  and  slightly  subcorneous.  When 
hard-kerneled  varieties  are  grown  under  humid  conditions  or  in  soil 
deficient  in  nitrogen  they  sometimes  become  starchy,  semistarchy,  or 
mottled,  the  condition  being  designated  as  "  yellow  berry ",  and 
the  kernels  are  then  rather  soft. 

The  difficulty  of  the  numerous  investigators  in  determining  the 
kernel  texture  has  been  due  to  the  failure  to  dissociate  softness  from 
starchiness  or  yellow  berry.  Freeman  (91)  has  shown  the  nature 
of  hardness  in  the  wheat  kernel.  The  following  is  quoted  from  his 
conclusions : 

1.  The  hardness  of  a  wheat  is  determined  by  the  solidity  of  the  grain,  and 
this,  in  turn,  by  the  nature  and  relative  proportions  of  gluten  and  starch  in  the 
endosperm. 

2.  When  the  ratio  of  gluten  to  starch  is  sufficiently  high,  the  entire  cell  con- 
tents are  cemented  together  solidly  as  the  grain  dries  out  in  ripening.  It, 
therefore,  takes  on  a  hard,  glassy,  semitranslucent  texture.  In  the  absence  of 
a  sufficient  proportion  of  gluten  to  hold  the  cell  contents  together,  the  shrinkage 
in  drying  does  not  fully  compensate  for  the  loss  of  water,  and  air  spaces  appear 
within  the  cells.  These  open  spaces  render  the  grain  soft  and,  also,  since 
they  serve  as  refracting  surfaces,  make  it  opaque.  We  are,  therefore,  accus- 
tomed to  associate  softness,  opaqueness,  and  low  gluten  content  in  wheats. 

3.  There  are  two  types  of  soft  grains  among  the  wheats  included  in  these 
experiments. 

(a)  A  type  designated  by  the  writer  as  "true  softness",  in  which  the  air 
spaces  in  the  endosperm  are  diffuse  and  finely  scattered.  This  type  of  softness 
is  only  slightly  affected  by  environic  conditions. 

( & )  A  type  commonly  called  "  yellow  berry  ",  in  which  the  air  spaces  within 
the  endosperm  occur  in  flakelike  groups  with  quite  definite  margins.  The 
opaqueness  thus  arising  may  be  confined  to  a  small  spot  only  or  may  include 
the  entire  endosperm.  This  type  of  softness  is  very  sensitive  of  environic 
conditions. 

In  this  bulletin  soft  texture  refers  to  the  condition  designated 
above  as  "  true  softness  "  and  must  not  be  confused  with  yellow  berry. 

True  kernel  texture,  therefore,  cannot  be  determined  on  yellow- 
berry  kernels,  because  they  always  are  soft.  It  usually  is  possible, 
however,  to  select  from  a  sample  a  few  kernels  that  are  not  wholly 
starchy  and  that  can  be  accurately  used  for  texture  determinations. 
Roberts  (171)  has  attempted  to  measure  hardness  mechanically  by 
determining  the  crushing  strength.  This  is  not  entirely  accurate,  as 
the  shape  of  the  kernel  influences  its  crushing  strength  and,  in  addi- 
tion, soft-wheat  varieties  grown  under  dry-land  conditions  are  quite 
brittle  and  difficult  to  crush.  Texture  is  determined  by  cutting  ker- 
nels that  are  not  affected  by  yellow  berry  and  examining  the 
endosperm. 

SHAPE 

The  shape  of  kernel  outline  is  described  as  ovate,  elliptical,  or  oval. 
These  terms  refer  only  to  the  outline  of  the  kernel  as  viewed  from 
the  dorsal  surface,  and  not  to  the  kernel  as  a  whole.  When  egg- 
shaped  in  outline,  the  germ  end  being  the  broader,  it  is  described 
as  ovate.     An  elliptical  kernel  outline  is  one  the  length  of  which  is 
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more  than  twice  the  width  and  that  has  sides  somewhat  curved  and 
both  ends  rounded.  An  oval  kernel  outline  is  broader,  like  the  ovate, 
but  with  both  ends  of  nearly  equal  width.  The  three  shapes,  ovate, 
elliptical,  and  oval,  are  shown  in  figure  11.  Modifications  of  these 
shapes  are  indicated  by  describing  kernels  as  narrowly  or  broadly 
elliptical,  ovate,  or  oval,  as  the  case  may  be.     A  few  varieties,  as 

Baart,  show  other  characteristic 
shapes,  which  are  given  in  the  de- 
scriptions of  these  varieties. 

Most  kernels  are  classified  as  ovate, 
but  in  a  few  varieties  a  considerable 
portion  of  the  kernels  may  have  one 
or  the  other  of  the  shapes  just  noted. 
The  shape  of  the  wheat  kernel  is  in- 
fluenced by  the  position  in  the  spike- 
let,  the  position  in  the  spike,  and  the 
degree  of  plumpness.  Boshnakian  {J/2) 
has  shown  that  spikelet  characters 
that  affect  the  shape  of  the  wheat 

Figure  11 —Kernel  shapes:  a,  Ovate;     kernel  are  mainly — 

6,  elliptical ;  c,  oval.     (Natural  size  J 

and  enlarged  3  diameters.)  (1)    The  stiffness  of  the  glumes,    (2)    the 

size  and  shape  of  the  space  in  which  the 
grain  develops,  (3)  the  numher  of  grains  in  the  spikelet  and  their  position, 
(4)  the  density  of  the  head,  (5)  the  pressure  caused  by  the  growth  of  differ- 
ent parts  of  the  head,  and  (6)  the  species  which  produces  the  kernel. 

The  kernels  from  the  base  or  tip  spikelets  on  the  spike  are  shorter 
in  proportion  to  width  than  the  others.  The  kernels  from  club  wheat 
or  from  the  tip  spikelets  of  clavate  spikes  of  common  wheats  are 
usually  laterally  compressed  or  "  pinched."  Shrunken  kernels  us- 
ually have  an  elliptical  shape  because  of  being  narrow.  As  the 
width  of  a  kernel  of  wheat  depends  largely  upon  the  degree  of  de- 
velopment of  plumpness,  this  character  has  very  little  taxonomic 
value. 

The  tip  or  brush  end  of  nearly  all  varieties  is  rounded,  but  the 
kernels  of  a  few  varieties,  in  which  the  tips  are  square  rather  than 
rounded,  as  seen  from  the  dorsal  view,  are  described  as  truncate. 
Kernels  of  a  few  varieties  have  acute  or  pointed  tips,  as  seen  in  both 
dorsal  and  lateral  views,  and  such  tips  are  described  as  acute. 

The  shape  of  the  kernel  as  seen  in  the  lateral  view  is  important 
in  only  a  few  varieties.  Many  varieties,  especially  durums  and 
emmers,  are  more  or  less  keeled  on  the  dorsal  surface.  Normally  the 
kernels  of  wheat,  in  dorsoventral  diameter,  are  thickest  near  the  base, 
just  above  the  germ.  In  a  few  varieties  the  kernels  are  strongly 
elevated  on  the  dorsal  side  of  this  basal  portion  and  then  are  popu- 
larly known  as  "  humped."  That  term  is  used  in  describing  such 
kernels.  When  the  dorsal  portion  is  less  keeled  than  normal  the 
kernel  is  described  as  flattened.  Where  only  the  tip  of  the  kernel  is 
thus  flattened  it  is  described  as  having  a  flattened  tip. 

The  shape  of  the  kernel  has  been  used  as  a  distinguishing  char- 
acter by  only  a  few  authors.  Koernicke  and  Werner  (135)  recorded 
the  lengths  and  widths  of  the  kernels  and  referred  to  some  as 
roundish  or  elongated.  Eriksson  (87)  used  the  number  of  kernels 
in  100  mm,  placed  side  by  side,  to  indicate  the  width  of  the  kernel. 
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This  character  is,  however,  of  value  only  in  comparing  varieties 
grown  under  identical  conditions.  Heuze  {US)  described  the  shape 
of  kernels  of  each  variety,  using  such  terms  as  elongated,  short, 
angular,  compressed,  ovoid,  oblong,  and  swollen.  Scofield  {188) 
suggested  16  descriptive  terms  to  be  applied  to  the  shape  of  wheat 
kernels.  Wheat  kernels  cannot  be  accurately  described  according  to 
shape  unless  they  are  nearly  normally  developed,  that  is,  neither 
shrunken  nor  excessively  plump. 


GERM   CHARACTERS 

The  size  and  shape  of  the  germ  or  embryo  of  the  wheat  kernel 
have  seldom  been  used  as  characters  in  classification.  After  exam- 
ining thousands  of  samples,  the  writers  have  concluded  that  the  size 
of  the  germ  is  one  of  the  most  constant 
of  minor  kernel  characters.  There  is 
considerable  variation  among  the  indi- 
vidual kernels  of  a  bulk  sample,  but  typ- 
ical kernels  of  a  pure  variety  have  a 
characteristic  size  of  germ.  The  germ 
is  developed  earlier  than  the  endosperm 
and  consequently  is  of  almost  normal 
size  even  in  shrunken  grain. 

The  germ  is  here  described  as  small, 
mid-sized,  or  large,  as  shown  in  figure 
12.  A  small  germ  is  one  that  occupies 
less  than  one-sixth  of  the  area  of  the 
dorsal  surface  of  the  kernel  or  the  area 
visible  in  dorsal  view.  A  mid-size  germ 
occupies  from  one-sixth  to  one-fourth  of  the  dorsal  area  of  the 
kernel.  A  large  germ  occupies  one-fourth  or  more  of  the  dorsal 
area. 

The  limits  of  the  three  size  groups  overlap.  Most  kernels  have 
a  mid-sized  germ,  so  these  characters  are  not  much  used  in  distin- 
guishing varieties.  For  some  varieties,  however,  they  can  be  used 
to  advantage. 

CREASE  CHARACTERS 

The  crease  or  sulcus  on  the  ventral  side  of  the  wheat  kernel  is 
rather  variable,  but  is  of  value  in  distinguishing  a  few  varieties. 
The  chief  taxonomic  characters  are  the  width  and  the  depth. 
Shrunken  kernels  nearly  always  have  a  relatively  wide  and  deep 
crease,  while  in  extremely  plump  or  yellow-berry  kernels  the  crease 
is  narrow  and  shallow  because  the  space  beneath  the  bran  is  occupied 
by  large  starch  cells  and  air  spaces. 


Figure  12. — Germ  sizes 
b,  inid-sized  ;  c,  large, 
size  and  enlarged   3   diameters.) 


WIDTH 

The  width  of  the  crease  is  determined  by  the  distance  between  the 
crests  of  the  cheeks  on  each  side  of  the  crease.  Creases  are  described 
as  narrow,  mid-wide,  and  wide.  These  differences  are  illustrated  in 
the  cross  sections  of  kernels  shown  in  figure  13.  A  narrow  crease  is 
about  two-thirds  or  less  of  the  total  width  of  the  kernel  in  ventral 
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view.  The  mid-wide  crease,  which  is  typical  of  most  varieties,  is 
usually  about  four-fifths  of  the  total  kernel  width.  A  wide  crease 
is  almost  the  total  width  of  the  kernel. 
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Figure  13. — Crease  widths  :  a, 
Narrow ;  h,  mid-wide ;  c, 
wide.  (Natural  size  and  en- 
larged 3  diameters.) 


Figure  14. — Crease  depths  :  a,  Shallow  ;  6,  mid- 
deep  ;  c,  deep ;  d,  pitted.  (Natural  size  and 
enlarged  3  diameters.) 


DEPTH 


The  depth  of  the  crease  in  this  classification  has  been  determined 
by  an  external  examination  rather  than  by  a  cross  section  of  the 
kernel.  The  depth,  therefore,  is  judged  from  the  crest  of  the  cheeks 
to  the  position  where  the  crease  is  closed.  No  measurements  of  the 
portion  of  the  crease  below  the  surface  of  the  kernel  have  been  con- 
sidered. Crease  depths  are  described  as  shallow,  mid-deep,  and  deep. 
These  differences  are  shown  by  cross  sections  of  kernels  in  figure  14. 
A  shallow  crease  has  a  depth  of  20  percent  or  less  of  the  dorsoventral 
thickness  of  the  kernel.  A  mid-deep  crease  has  a  depth  of  from  15  to 
35  percent  of  the  thickness  of  the  kernel,  and  a  deep  crease  has  a 
depth  of  30  to  50  percent  of  the  thickness  of  the  kernel. 

The  depth  of  the  crease  is  of  taxonomic  value  only  when  the 
kernels  are  normally  developed  and  is  a  distinguishing  character  in 
only  a  few  varieties.  It  is  sufficiently  constant,  however,  to  be  of  use 
in  describing  varieties  grown  under  identical  and  normal  conditions. 
Nearly  all  of  the  durum  and  club  wheats  have  a  shallow  crease.  A 
few  varieties  of  common  wheat  have  been  described  as  having  a 
"  pitted  "  crease.  This  is  characterized  by  having  a  distinct  opening 
near  the  center  of  the  crease  (fig.  14,  d).  The  sides  of  the  opening 
usually  are  wrinkled.  The  pitted  character  is  most  marked  on  the 
kernels  of  the  Humpback  and  Huston  varieties. 

CHEEK   CHARACTERS 

The  cheeks  of  a  kernel  are  the  ridges  along  each  side  of  the 
crease  on  the  ventral  surface  of  the  kernel.  The  most  distinguishing 
character  of  the  cheek  is  the  outline  of  the  crest  in  cross  section. 

This  is  rounded  or  angular. 
These  shapes  and  some  of  the 
variations  in  each  are  shown 
in  figure  15.  Extremely 
starchy  (yellow  berry)  ker- 
nels always  have  rounded 
cheeks,  while  the  cheeks  of 
shrunken  kernels  are  always 
angular.  It  is  necessary, 
therefore,  to  examine  normally  developed  kernels  in  order  to  recog- 
nize the  differences.  All  of  the  durum  wheats  have  angular  cheeks. 
Most  of  the  common  wheats  have  cheeks  that  are  more  or  less  angular, 
but  a  few  varieties,  such  as  China  and  Turkey,  consistently  have 


Figure  15. — Cheek  shapes  :  a,  Rounded  ;  b,  angu- 
lar.   (Natural  size  and  enlarged  3  diameters.) 
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rounded  cheeks.     There  is  no  sharp  distinction  between  the  angular 
and  the  rounded  cheeks. 

BRUSH   CHARACTERS 

The  brush  of  the  kernel  is  the  hair  at  the  tip  or  the  end  opposite 
the  germ.  Cobb  (69)  described  in  detail  the  brush  of  50  varieties 
of  wheat  grown  in  Australia. 

SIZE 

The  size  of  brush  refers  to  the  area  that  it  occupies  on  the  kernel. 
It  is  described  as  small,  mid-sized,  and  large.  These  differences  are 
shown  in  figure  16,  a,  5,  and  c.  A  small  brush  occupies  only  a  por- 
tion of  the  tip  of  the  kernel.  In  kernels  that  are  distinctly  pointed 
at  the  tip,  however,  it  may  cover  all  of  the  end.  A  mid-sized  brush 
covers  the  tip  of  the  kernel.  Nearly  all  varieties  of  wheat  come 
within  this  class.  A  large  brush  is  one  that  extends  partly  over  the 
sides  of  the  kernel,  chiefly  along  the  crease. 


Figure  16. — Brush  sizes  :  a,  Small ;  b,  mid- 
sized;  c,  large;  d,  collared  brush.  (Nat- 
ural size  and  enlarged  3  diameters.) 


Figure  17. — Brush  lengths  :  a, 
Short ;  6,  mid-long ;  c,  long. 
(Natural  size  and  enlarged  3 
diameters.) 


LENGTH 


The  length  of  brush  refers  to  the  average  length  of  hairs,  which 
are  described  as  short,  mid-long,  and  long.  These  lengths  are  shown 
in  figure  17.  In  short  brush  the  hairs  are  less  than  0.5  mm  long, 
in  mid-long  brush  from  0.5  to  1  mm  long,  and  in  long  brush  more 
than  1  mm  long.  A  few  very  long  hairs  may  be  present  in  a  short 
brush. 

All  durum  wheats  and  some  varieties  of  common  wheat,  such  as 
Red  Bobs  and  Prelude,  have  a  short  brush.  Humpback  and  Mealy 
are  varieties  of  common  wheat  having  a  long  brush.  Both  size  and 
length  of  brush  are  very  constant  characters,  probably  the  most 
constant  kernel  characters  aside  from  color  and  size.  In  machine 
threshing,  part  of  the  hairs  of  the  brush  frequently  are  removed. 

The  brush  area  of  some  varieties  is  here  described  as  "  collared  " 
(fig.  16,  d).  Cobb  (69)  referred  to  this  as  an  abrupt  margin.  This 
refers  to  the  presence  of  a  distinct  raised  collar  or  flange  of  bran 
along  the  margin  of  the  brush  area.  This  is  most  noticeable  on 
shrunken  kernels,  but  is  very  distinct  on  normal  kernels  of  a  few 
varieties,  such  as  Goldcoin  and  Champlain. 
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OTHER  CHARACTERS 

Several  characters  of  wheat  varieties  of  interest  to  growers  cannot 
be  observed  in  a  morphological  examination.  These  differences 
often  are  of  great  economic  importance  but  are  of  little  value  in 
classification.  Following  the  descriptions  of  many  of  the  varieties, 
therefore,  other  characters  of  importance  in  wheat  varieties,  such 
as  productivity,  quality,  resistance  to  low  temperatures,  and  re- 
sistance to  diseases,  are  mentioned. 

PRODUCTIVITY 

A  comparison  of  yield  of  different  varieties  of  wheat  is  of  value 
only  when  the  varieties  are  grown  under  identical  conditions,  as 
side  by  side,  on  identical  soil,  or  in  one  locality  in  the  same  season. 
Under  certain  conditions  it  is  possible  for  almost  any  variety  to 
outyield  all  others,  and  consequently  an  expression  of  yield  is  of 
little  taxonomic  importance.  Koernicke  and  Werner  (135)  recorded 
the  yields  of  the  varieties  grown  at  Poppelsdorf  in  the  description 
of  each  variety.  In  the  present  work  the  writers  have  mentioned 
productivity  or  yield  of  only  those  varieties  that  experiments  have 
shown  to  be  distinctly  high  or  low  in  yield  in  certain  areas. 

QUALITY 

Next  to  productivity,  the  value  of  wheat  varieties  for  milling  and 
for  making  bread,  cake,  pastries,  and  macaroni  is  of  the  greatest 
economic  importance,  as  these  are  the  principal  uses  for  wheat. 
Flour  from  hard  red  winter,  hard  red  spring,  and  hard  white  varie- 
ties is  used  for  breadmaking.  The  soft  white,  common,  club,  and 
soft  red  common  varieties  are  used  mostly  for  the  manufacture  of 
pastry,  biscuit,  and  cracker  flour  and  for  breakfast  cereal  products. 
Durum  varieties  are  used  for  macaroni.  Varieties  differ  greatly  in 
their  usefulness  for  these  various  products.  As  with  yield,  these 
differences  can  be  accurately  determined  only  by  careful  experi- 
ments, identically  conducted  with  comparable  samples.  Where  such 
differences  are  definitely  known  to  exist  they  are  pointed  out,  follow- 
ing the  descriptions. 

HARDINESS 

Hardiness  is  the  ability  of  the  plant  to  resist  low  temperature, 
heaving,  winter  drought,  and  many  other  factors  that  may  cause 
injury  or  death  to  the  plant.  In  the  case  of  winter  wheats,  resist- 
ance to  low  temperatures  consists  of  the  ability  to  survive  low 
winter  temperatures;  in  the  case  of  spring  wheats,  it  is  the  ability 
to  resist  injury  from  spring,  summer,  or  fall  frosts.  Very  little  is 
known  concerning  the  latter  characters.  The  winter  hardiness  of 
several  varieties  was  recorded  for  3  years  by  Eriksson  (87),  and  the 
relative  hardiness  of  many  varieties  was  given  by  Koernicke  and 
Werner  (135).  Clark,  Martin,  and  Parker  (60)  and  Quisenberry 
and  Clark  (167)  have  published  the  results  from  extensive  tests 
on  the  hardiness  of  winter  varieties  in  the  United  States  and  Can- 
ada. Following  the  varietal  descriptions,  the  writers  have  indi- 
cated a  few  varieties  that  are  known  to  be  especially  winter  hardy, 
but  otherwise  the  character  is  not  mentioned. 


WHEAT   VARIETIES    GROWN    IN    THE    UNITED    STATES  37 


RESISTANCE    TO    DISEASE 


Wheat  varieties  are  known  that  have  more  or  less  resistance  to 
each  of  the  various  diseases  of  wheat.  Nearly  all  varieties  of  wheat 
herein  considered  have  been  grown  in  nurseries  where  they  were  in- 
oculated either  naturally  or  artificially  with  stem  rust  (Puccinia 
graminis),  leaf  rust  (P.  triticina),  stripe  rust  (P.  glumarum),  bunt 
or  stinking  smut  (Tilletia  tritici  and  T.  levis),  loose  smut  (Ustilago 
tritici),  and  flag  smut  (Urocystis  tritici).  Immunity  and  resistance 
can  be  determined  when  varieties  and  hybrids  are  equally  exposed 
to  forms  of  a  disease  under  conditions  favorable  for  their  develop- 
ment. A  few  varieties  are  known  to  be  immune  from  or  resistant 
to  leaf  and  stem  rust,  bunt,  loose  smut,  mosaic,  and  flag  smut,  and, 
when  known,  this  fact  is  noted  following  the  varietal  descriptions. 

CLASSIFICATION  OF  THE  GENUS  TRITICUM 

Wheat  belongs  to  the  grass  family,  Poaceae  (Gramineae),  and 
to  the  tribe  Hordeae,  in  which  the  1-  to  8-flowered  spikelets  are 
sessile  and  alternate  on  opposite  sides  of  the  rachis,  forming  a  true 
spike.  Wheat  is  located  in  the  subtribe  Triticeae  and  in  the  genus 
Triticum,  where  the  solitary  two-  to  many-flowered  spikelets  are 
placed  sidewise  against  the  curved  channeled  joints  of  the  rachis. 

There  are  two  sections  of  the  genus  Triticum,  one  including  the 
old  genus  Aegilops,  in  which  the  glumes  are  flat  or  rounded  on  the 
back,  and  the  other  including  Sitopyrus,  in  which  the  glumes  are 
sharply  keeled  and  in  which  are  found  all  cultivated  forms.  This 
bulletin  is  concerned  only  with  the  latter  section. 

There  are  many  forms  of  einkorn,  spelt,  and  emmer  (including 
the  so-called  u  wild  wheat "  of  Palestine)  that  are  not  cultivated  in 
the  United  States  and  therefore  are  not  considered  in  these  pages. 

Wheat  is  characterized  as  a  mid-tall  annual  grass  with  flat  blades 
and  a  terminal  spike.  The  spikelets  are  solitary,  1-  to  5-flowered, 
sessile,  arranged  alternately  on  the  nodes  of  a  zigzag,  channeled,  ar- 
ticulate rachis;  the  rachilla  of  the  spikelets  disarticulating  above 
the  glumes  and  between  the  florets,  or  continuous;  the  glumes 
keeled,  rigid,  three-  to  several-nerved,  obtuse,  acute,  or  acumi- 
nate ;  the  lemmas  keeled  or  rounded  on  the  back,  many-nerved,  end- 
ing in  a  single  tooth  or  awn. 

The  following  eight  divisions  of  the  genus  Triticum  were  used  by 
Hackel  {102,  pp.  180-187)  and  have  been  recognized  by  others : 

f vulgar e  Vill Common   wheat. 

irnn-r  \  compactum  Host Club  wheat. 

icnax Uurgidum  L Poulard  wheat. 

[durum  Desf Durum  wheat. 

dicoccum  Schrank Emmer. 

^spelta  L Spelt. 

polonicum  L Polish  wheat. 

jnonococcum  L Einkorn. 

Only  three  of  these  divisions  were  considered  by  Hackel  as  valid 
and  distinct  species,  namely,  sativum,  polonicum,  and  monococcum. 
The  other  divisions  he  called  races  and  subraces.  The  term  "  race  " 
is  now  more  properly  used  for  a  strain  within  a  variety,  and  these 
ranks    probably    would    be    better    designated    as    subspecies    and 


Triticum ( 


sativum. 
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varieties.     As  previously  pointed  out,  other  authors  have  considered 
these  divisions  as  distinct  species  or  subspecies. 

In  recent  years  the  species  of  wheat  have  been  classified  on  the 
basis  of  chromosome  numbers.  Sakamura,  in  1918  (174),  reported 
the  following  haploid  numbers  for  each  of  the  above  species  or 
subspecies : 

Triticum  vulgare,  common  wheat 21 

T.  compactum,  club  wheat 21 

T.  spelta,  spelt 21 

T.   durum,   durum  wheat 14 

T.  turgidum,  poulard  wheat _ 14 

T.    dicoccum,    emmer 14 

T.   polonicum,   Polish  wheat 14 

T.  monococcum,  einkorn 7 

These  counts  have  since  been  verified  by  Sax  (182)  Kihara  (129, 
ISO,  131),  Watkins  (222),  and  others. 

In  the  present  work  it  seems  best  to  maintain  the  old-established 
divisions,  but  at  the  same  time  to  rearrange  them  in  order  of  chro- 
mosome number.  The  writers  make  no  attempt  to  assign  definite 
rank  to  the  different  divisions,  as  they  have  not  made  a  genetic  study 
of  crosses  between  the  different  divisions  nor  have  they  made  an 
exhaustive  study  of  existing  varieties  or  strains  of  a  type  intermedi- 
ate between  any  of  the  eight  divisions.  The  divisions  established  or 
recognized  as  species  or  subspecies  by  different  authors,  however,  may 
be  distinguished  by  the  accompanying  key. 

KEY  TO  THE  SPECIES  OR  SUBSPECIES 

la.  Chromosome  number  21  in  haploid  division. 

2a.  Terminal  spikelets  fertile;  palea  remaining  entire  at  maturity;  spikelets 
with  2  to  5  fertile  florets. 
3a.  Glumes  shorter  than  the  lemmas,  firm;  palea  as  long  as  the  lemmas. 
{Triticum  sativum  Lam.) 
4a.  Rachis  tenacious;  kernels  separating  from  the  chaff  when 
threshed. 
6a.  Glumes  distinctly  keeled  only  in  the  upper  half;  lemmas 
awnless  or  awns  less  than  10  cm  long;  straw  hollow. 
6a.  Spikes  usually  long,  dense  to  lax,  somewhat  dorsally  ^a£e 

compressed.    (T.  aestivum  L.,  T.  vulgare  Vill.) Common  Wheat...       39 

6b.  Spikes  short,  dense,  laterally  compressed.    (T.  com- 
pactum Host)... Club  Wheat 128 

4b.  Rachis  fragile;  kernels  enclosed  in  glumes  when  threshed. 
5b.  Spikes  lax,  narrow;  pedicel  long,  wide,  attached  to  face  of 

spikelet  below;  shoulders  wide,  square.    (T.  spelta  L.)__  Spelt 135 

lb.  Chromosome  number  14  in  haploid  division. 

2a.  Terminal  spikelets  fertile;  palea  remaining  entire  at  maturity;  spikelets 
with  2  to  5  fertile  florets. 
3a.  Glumes  shorter  than  the  lemmas,  firm;  palea  as  long  as  the  lemmas. 
(Triticum  sativum  Lam.) 
4a.  Rachis  tenacious;  kernels  separating  from  the  chaff  when 
threshed. 
5b.  Glumes  sharply  keeled  at  the  base;  lemmas  usually  awned; 
awns  10  to  20  cm  long;  straw  usually  solid. 
6a.  Glumes  and  kernels  short;  kernels  ovate,  with  truncate 

tips.    (T.  turgidum  L.) Poulard  Wheat...     136 

6b.  Glumes  and  kernels  longer;  kernels  usually  elliptical. 

(T.  durum  Best.) Durum  Wheat 137 

4b.  Rachis  fragile;  kernels  enclosed  in  glumes  when  threshed. 
5a.  Spikes  dense,  laterally  compressed;  pedicel  short,  slender, 
usually  attached  to  base  of  spikelet;  shoulders  wanting 

to  narrow,  usually  oblique.    (T.  dicoccum  Schrank) Emmer 144 

3b.  Glumes  as  long  as  or  longer  than  the  lemmas,  papery,  lanceolate; 
palea  of  lower  flowers  half  as  long  as  their  lemmas.    (T.  poloni- 

cumlj.) Polish  Wheat 146 

lc.  Chromosome  number  7  in  haploid  division. 

2b.  Terminal  spikelets  sterile,  often  scarcely  visible;  palea  falling  into  2 
parts  at  maturity;  spikelets  usually  with  only  1  fertile  floret. 
3a.  (T.  monococcum  L.) Einkorn 147 
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COMMON  WHEAT 

In  the  Species  Plant  arum,  Linnaeus,  in  1753  (U2) ,  first  used  the 
name  Triticum  aestivum  for  a  part  of  the  common  and  club  wheats. 
This  name  originally  referred  to  the  awned  spring  forms.  It  has 
been  given  priority  use  by  botanists  for  the  name  of  the  subspecies 
more  commonly  recognized  as  Triticum  vulgare.  This  name  was 
applied  to  the  common  wheats  by  Villars  in  1787,  after  it  was  pointed 
out  that  Linnaeus'  separations  were  not  logical  or  correct.  Accord- 
ing to  the  rules  of  botanical  nomenclature  the  name  of  this  species 
is  Triticum  aestivum  L.,  but  as  T.  vulgare  is  in  general  use  among 
cereal  agronomists,  the  writers  give  preference  to  that  form. 

Common  wheat  has  21  chromosomes  and  is  distinguished  from 
the  club  wheat  subspecies  by  a  spike  long  in  proportion  to  its  thick- 
ness. The  spike  is  usually  dorsally  compressed  and  is  thus  wide 
when  seen  in  face  view  of  the  spikelets  instead  of  narrow,  as  with 
those  of  some  other  divisions.  The  spikelets  are  2  to  5  flowered,  far 
apart,  only  slightly  overlapping,  pressed  close  to  the  rachis,  and 
nearly  erect.  The  glumes  are  keeled  only  in  the  upper  half,  shorter 
than  the  lemmas,  firm,  and  either  glabrous  or  pubescent.  The  lem- 
mas are  awnless  or  have  awns  less  than  10  cm  long.  The  palea  is  as 
long  as  the  lemmas  and  remains  entire  at  maturity.  The  culm  of  the 
plant  usually  is  hollow,  but  occasionally  is  pithy  within,  and  varies 
in  strength  and  height.  The  blades  of  the  leaves  are  usually  nar- 
rower than  those  of  the  durum  and  poulard  wheats.  The  kernels 
may  be  either  soft  or  hard  and  white  or  red. 

The  characteristic  of  common  wheat  of  greatest  economic  value 
is  its  well-known  quality  for  breadmaking,  as  common  wheat  excels 
all  the  other  divisions  of  the  genus  in  this  respect.  It  is  also  the 
best  known  and  most  widely  cultivated  of  all  the  divisions,  and  it 
comprises  more  than  four-fifths  of  the  total  number  of  varieties 
grown  in  the  United  States.  Two  hundred  and  one  are  distinguished 
by  the  following  key.  The  varieties  are  most  nearly  related  to  the 
club  wheats  (Triticum  compactum).  These  two  divisions  have  the 
same  chromosome  number  and  cross  readily.  There  are  intermediate 
types  that  resemble  both  common  and  club  wheats. 

Common  wheat  is  adapted  to  widely  varying  climatic  conditions 
and  possesses  more  diverse  characteristics  than  any  of  the  other 
divisions.  The  cultivated  varieties  are  distinguished  by  the  accom- 
panying key. 

KEY  TO   THE   VARIETIES   OF   COMMON   WHEAT 

la.  Spike  Awnless  to  Awnleted. 
2a.  Glumes  Glabrous. 
3a.  Glumes  White. 
4a.  Kernels  White  {Triticum  vulgare  albidum  AL>. 
Kernels  Short  to  Mid-long. 
Kernels  Soft  io  Semihard. 
Winter  Habit.  Page 

Spike  fusiform Martin 45 

Spike  oblong. 
Spike  erect. 
Keel  straight  above. 

Shoulders  narrow,  oblique  to  square- Prohibition 45 

Shoulders  wide,  square  to  elevated Greeson _.       46 

Keel  incurved  above. 

Spike  blunt  at  apex White  Winter 46 

Spike  sometimes  slightly  clavate Eaton.. _       46 

Bpike  clavate Wilhelmina  (Holland) 46 
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la.  Suke  Awnless  to  Awnleted.— Continued. 
2a.  Glumes  Glabrous— Continued. 
3a.  Glumes  White— Continued. 
4a.  Kernels  White— Continued. 
Kernels  Short  to  Mid-long— Continued. 
Kernels  Soft  to  Semihard— Continued. 
Spring  Habit. 
Spike  fusiform.  -. 

Plant  early,  short.  Pase 

Awnlets  wanting Early  Defiance. 47 

A wnlets  several,  5-15  mm  long... Escondido.. 47 

Plant  midseason,  mid-tall. 

Awnlets  wanting.. Touse 47 

Awnlets  few,  straight.. Defiance.. 48 

Awnlets  many,  incurved Rink 48 

Spike  oblong. 
Plant  early  to  midseason. 

Spike  apically  awnleted.. Onas.. 49 

Spike  awnleted Bunyip 49 

Plant  late Pacific  Bluestem.. 50 

Spike  clavate. 
Plant  midseason. 

Plant  mid-tall Gypsum 51 

Plant  tall Oregon  Zimmerman 51 

Plant  late. 

Culm  and  spike  slightly  glaucous Surprise 52 

Culm  and  spike  very  glaucous Dicklow 52 

Kernels  Semihard  to  Hard. 
Spring  Habit. 
Spike  fusiform. 

Plant  early Quality 53 

Spike  oblong. 

Plant  early. White  Federation 54 

Plant  late Regenerated  Defiance 54 

Kernels  Mid-long  to  Long. 
.Kernels  Soft  to  Semihard. 
Spring  Habit. 

Spike  oblong.. New  Zealand. 55 

Spike  clavate. 

Plant  early Currawa 55 

Plant  midseason Pilcraw 65 

4b.  Kernels  Red  (T.  vulgar e  lutescens  Al.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 
Winter  Habit. 
Stem  white. 
Spike  fusiform. 
Spike  erect. 

Plant  early Rice 56 

Plant  midseason Minhardi 66 

Spike  inclined. 

Plant  midseason... Lofthouse 56 

Spike  nodding. 

Plant  early,  mid-tall.. Leap... 57 

Plant  midseason,  tall Purkof 57 

Spike  oblong. 
Spike  erect  to  inclined. 
Plant  early,  mid-tall. 

Glumes  mid-wide. Zimmerman... 58 

Glumes  wide.. Walker 58 

Plant  midseason,  tall Harvest  Queen 58 

Spike  nodding;  plant  midseason,  mid-tall. 

Awnlets  straight,  3-10  mm  long Prosperity 59 

Awnlets  incurved,  5-15  mm  long.. Forward 59 

Spike  clavate. 

Blades  mid-long,  mid-wide.. Red  Russian 60 

Blades  long,  wide..: Sol 60 

Stem  purple. 

Spike  fusiform Fulhio 61 

Spike  oblong-fusiform. 

Plant  mid-tall,  stem  mid-strong. Fultz 61 

Plant  tall,  stem  strong Trumbull 61 

Ashland... 62 

Spike  clavate. Fultzo-Mediterranean 62 

Intermediate  Habit. 
Stem  white. 

Spike  fusiform Redhart 63 

Spike  oblong... Kinney 63 

Stem  purple. 
Spike  fusiform. 
Plant  early. 

Spike  erect Oakley 64 

Spike  inclined  to  nodding.. Purplestraw _       64 

Plant  midseason Gasta 64 

Spike  oblong... Flint  (Red  Mav) —       65 

Spring  Habit. 
Stem  purple Huston _ 65 
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la.  Spike  Awnless  to  Awnleted. — Continued. 
2a.  Glumes  Glabrous— Continued. 
3a.  Glumes  White— Continued. 
4b.  Kernels  Red— Continued. 
Kernels  Short  to  Mid-long— Continued. 
Kernels  Semihard  to  Hard. 
Winter  Habit. 
Spike  fusiform. 
Kernels  ovate,  germ  small.  rage 

Culm  and  spike  slightly  glaucous Alton 66 

Culm  and  spike  very  glaucous.. Newturk 66 

Kernels  elliptical,  germ  mid-sized Ridit. 66 

Spike  oblong. 

Awnlets  3-12  mm  long Michikof _.       67 

Awnlets  5-25  mm  long Mosida 61 

Spring  Habit. 
Stem  white. 
Spike  fusiform. 
Plant  early. 

Spike  awnless Red  Bobs _ 67 

Supreme 68 

Spike  awnleted Garnet 68 

Plant  midseason. 

Plant  short,  stem  strong Marquillo 69 

Plant  mid-tall,  stem  mid-strong Marquis 69 

Plant  late,  mid-tall  to  tall. 
Spike  mid-dense. 

Spike  erect... Power 70 

Spike  inclined .*. Red  Fife 71 

Spike  lax Glyndon 71 

Spike  oblong-fusiform Renfrew 72 

Stem  purple. 

Spike  fusiform Ghirka 72 

Spike  oblong. 

Plant  early,  short.. Ruby. 73 

Plant  midseason,  mid-tall. Kitchener 73 

Kernels  Mid-long  to  Long. 
Kernels  Soft  to  Semihard. 

Winter  Habit Climax 74 

8b.  Glumes  Brown. 
4a.  Kernels  White  (T.  vulgare  alborubrum  Koern.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 
Winter  Habit. 
Stem  white. 

Spike  fusiform White  Odessa 74 

Spike  oblong. Dawson 74 

Honor 75 

Spike  clavate Arco 75 

Stem  purple. 

Spike  fusiform,  nodding... Windsor 75 

Spike  clavate. 

Spike  erect Golden 75 

Spike  erect  to  inclined Goldcoin  (Fortyfold)— 76 

Intermediate  Habit Kofod _       77 

Spring  Habit. 
Spike  fusiform. 

Plant  midseason Allen 78 

Spike  oblong. 

Plant  early  to  midseason. Federation 78 

Plant  late Powerclub 78 

Spike  clavate Foisy 79 

Kernels  Semihard  to  Hard. 
Spring  Habit. 

Plant  early Hard  Federation... 79 

Hard  Federation  31.. 80 

Plant  midseason Axminster 80 

4b.  Kernels  Red  (T.  vulgare  miltura  Al.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 
Winter  Habit. 
Stem  white. 
Spike  fusiform. 

Plant  early Gold  Drop 80 

Plant  midseason Red  Wave 80 

Plant  late.. Odessa 81 

Spike  oblong. 

Spike  erect  to  inclined. Ruddy _       82 

Spike  nodding Rupert... 82 

Spike  clavate Rural  New  Yorker  No.  6..       82 

Stem  purple. 
Spike  fusiform. 
Plant  early  to  midseason. 

Spike  inclined Currell 83 

Spike  nodding,  wide. 
Plant  mid-tall. 
Beaks  0.5  mm  long. 
Awnlets  3-12  mm  long Baldrock 83 
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la.  Spike  Awnless  to  Awnleted.— Continued. 
2a.  Glumes  Glabrous— Continued. 
3b.  Glumes  Brown— Continued. 
4b.  Kernels  Red— Continued. 
Kernels  Short  to  Mid-long— Continued. 
Kernels  Soft  to  Semihard— Continued. 
Winter  Habit— Continued. 
Stem  purple— Continued. 
Spike  fusiform— Continued. 
Plant  early  to  midseason— Continued. 
Spike  nodding,  wide— Continued. 
Plant  mid-tall— Continued. 
Beaks  0-5  rjm  long— Continued. 
Awnlets  5-20  mm  long.  FaSe 

Stem  mid-strong Poole _       84 

V.P.I.  112 84 

Stem  mid-strong  to  strong.. .-  Portage 84 

Beaks  1-1.5  mm  long.. Russian  Red.. 85 

Plant  late,  tall China 85 

Spike  oblong,  erect. 

Shoulders  wanting  to  narrow,  oblique Wheedling 86 

Shoulders  wide,  square. 
Plant  midseason. 

Spike  oblong-fusiform Shepherd 86 

Spike  oblong 1:ed  May  (Michigan  Amber).        86 

Plant  late. Illini  Chief 88 

Spike  clavate. 

Spike  mid-dense,  inclined , Red  Clawson 88 

Spike  dense,  erect Rochester 89 

Red  Chief 89 

Kernels  Semihard  to  Hard. 
Spring  Habit. 

Awnlets  3-10  mm  long... Stanley 89 

Awnlets  5-20  mm  long Montana  King 89 

2b.  Glumes  Pubescent. 
3a.  Glumes  White. 
4a.  Kernels  White  (T.  vulgare  leucospermum  Koern.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 

Winter  Habit ... Silvercoin. 89 

Spring  Habit Indian 90 

Kernels  Semihard  to  Hard. 

Spring  Habit Pusa  No.  4 90 

4b.  Kernels  Red  (T.  vulgare  villosum  Al.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 
Winter  Habit. 
Spike  inclined;  kernels  semihard. 

Plant  mid-tall,  stem  mid-strong... Triplet 90 

Plant  tall,  stem  strong Mealy.. 91 

Spike  nodding;  kernels  soft Jones  Fife 91 

Kernels  Semihard  to  Hard. 
Spring  Habit. 

Spike  awnless.. Missouri  Valley... 91 

Spike  awnleted. 

Plant  early,  short Reward 92 

Plant  late,  tall Haynes  Bluestem 93 

8b.  Glumes  Brown. 
4a.  Kernels  White  (T.  vulgare  delfi  Koern.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 
Spring  Habit. 

Spike  fusiform,  beaks  obtuse Galgalos 93 

Spike  oblong,  beaks  acuminate. Sonora 94 

4b.  Kernels  Red  (T.  vulgare  pyrothrix  Al.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 
Winter  Habit. 

Spike  clavate Grandprize 04 

lb.  Spike  Awned. 
2a.  Glumes  Glabrous. 
3a.  Glumes  White. 
4a.  Kernels  White  (T.  vulgare  graecum  Koern.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 

Winter  Habit Democrat 95 

Spring  Habit. 

Stem  white Palisade 95 

Stem  purple Propo 95 

Kernels  Mid-long  to  Long. 
Kernels  Semihard  to  Hard. 
Spring  Habit Baart. 98 
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lb.  Spike  Awned— Continued. 
2a.  Glumes  Glabrous— Continued. 
3a.  Glumes  White— Continued. 
4b.  Kernels  Red  (T.  vulgare  erythrospermum  Koern.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 
Winter  Habit. 
Stem  white. 
Plant  midseason.  „ 

Plant  mid-tall.  Paee 

Beaks  1-3  mm  long Gladden 96 

Beaks  2-10  mm  long Gipsy 97 

Plant  tall Valley 97 

Stem  purple. 
Spike  fusiform. 

Beaks  1-3  mm  long. Kawvale 97 

Beaks  2-8  mm  long. 
Plant  mid-tall. 

Plant  midseason Red  Indian 98 

Plant  late Mammoth  Red_. 98 

Plant  tall Fulcaster 98 

V.P.I.  131 99 

Spike  oblong Nittany 99 

Spike  clavate Golden  Cross 100 

Spring  Habit. 

Beaks  1-3  mm  long Marvel 100 

Beaks  2-20  mm  long. 

Plant  mid-tall,  early Java 100 

Plant  tall,  midseason Progress 101 

Converse 101 

Kernels  Semihard  to  Hard. 
Winter  Habit. 
Kernels  semihard. 
Stem  white. 
Glumes  white  to  yellowish. 

Beaks  1-5  mm  long Minturki 102 

Beaks  3-30  mm  long Sherman 102 

Glumes  black  striped. 

Plant  early Early  Blackhull — 103 

Plant  midseason Blackhull 103 

Superhard 103 

Stem  purple. 

Beaks  1-2  mm  long Regal 104 

Beaks  2-10  mm  long Wisconsin  Pedigree  No.  2..     104 

COOPERATORKA 104 

Beaks  5-25  mm  long Iowin 105 

Kernels  hard. 
Glumes  white. 
Beaks  1-3  mm  long. 

Shoulders  wanting .' Yogo 105 

Shoulders  mid-wide — Cheyenne 105 

Beaks  2-8  mm  long. 

Stem  weak Turkey 106 

Eagle  Chief 107 

Ilred.. 108 

IOTURK 108 

Iowa  No.  404 108 

Karmont 108 

Montana  No.  36 108 

Nebraska  No.  6 108 

Nebraska  No.  60 109 

Rio 109 

Stem  strong. 

Plant  mid-tall Oro._ 109 

Beaks  3-30  mm  long. 

Plant  early  to  midseason Tenmarq 109 

Plant  midseason Kanred 110 

Beloglina Ill 

Bacska Ill 

Glumes  yellowish  with  brown  stripes. 

Beaks  1-3  mm  long Relief 111 

Beaks  3-25  mm  long Utah  Kanred Ill 

Spring  Habit. 
Stem  white. 
Plant  midseason. 
Stem  weak. 

Beaks  1-3  mm  long Komar 112 

Beaks  3-20  mm  long. Kota — 112 

Stem  mid-strong. 

Beaks  2-10  mm  long Ceres 113 

Plant  late. 
Beaks  1-3  mm  long. 

Kernels  short Champlain 113 

Kernels  mid-long Preston... 114 

Beaks  3-15  mm  long Reliance 115 

Stem  purple - Hope 116 
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lb.  Spike  Awned— Continued. 
2a.  Glumes  Glabrous — Continued. 
3a.  Glumes  White— Continued. 
4b.  Kernels  Red— Continued. 
Kernels  Mid-long  to  Long. 
Kernels  Soft  to  Semihard. 
Winter  Habit.  _ 

Stem  white.  Fa& 

Glumes  black  striped Rudy. 116 

Stem  purple. 

Beaks  1-3  mm  long Nigger 117 

Nabob _ 117 

Beaks  2-30  mm  long ..  Silversheaf _ 117 

Spring  Habit. 

Shoulders  wanting . Dixon 118 

Shoulders  elevated Fretes 118 

Kernels  Semihard  to  Hard. 
Spring  Habit. 

Beaks  5-45  mm  long Chul 118 

3b.  Glumes  Brown. 
4a.  Kernels  White  (T.  vulgare  erythroleucon  Koern.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 

Spring  Habit ..  Emerald 119 

Kernels  Semihard  to  Hard. 

Winter  Habit Genesee  Giant.. 119 

Spring  Habit. ..  Canadian  Red 120 

Kernels  Mid-long  to  Long. 
Kernels  Soft  to  Semihard. 

Winter  Habit ..  Longberry  No.  1... 120 

Kernels  Semihard  to  Hard. 

Spring  Habit Sevier _      120 

4b.  Kernels  Red  (T.  vulgare  ferrugineum  Al.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 
Winter  Habit. 
Stem  white. 
Beaks  2-10  mm  long. 

Plant  midseason,  tall Diehl-Mediterranean. 120 

Plant  late,  mid-tall Russian 121 

Beaks  3-25  mm  long Imperial  Amber 121 

Stem  purple. 

Beaks  1-3  mm  long.. Goens. 121 

Kernels  Semihard  to  Hard. 
Winter  Habit. 

Kernels  short Iobred 122 

Kernels  mid-long. 

Beaks  1-5  mm  long Ashkof 122 

Beaks  2-10  mm  long Enid 123 

Redhull 123 

Spring  Habit. 

Spike  fusiform.. Ladoga 123 

Sea  Island 124 

Spike  clavate Whiteman 124 

Kernels  Mid-long  to  Long. 
Kernels  Soft  to  Semihard. 
Winter  Habit. 

Stem  white.. Denton 124 

Stem  purple. 

Kernels  soft;  beaks  1-8  mm  long Mediterranean 124 

Red  Rock 125 

Kernels  semihard;  beaks  1-2  mm  long Berkeley  Rock ...      125 

2b.  Glumes  Pubescent. 
3a.  Glumes  White. 
4a.  Kernels  White  (T.  vulgare  meridionale  Koern.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 

Spring  Habit Hyper 126 

4b.  Kernels  Red  (T.  vulgare  velutinum  Al.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 

Winter  Habit Kruse 126 

Kernels  Semihard  to  Hard. 

Winter  Habit Quivira.. 126 

Spring  Habit Prelude 127 

Kernels  Mid-long  to  Long. 
Kernels  Soft  to  Semihard. 

Spring  Habit Humpback 127 

3b.  Glumes  Brown. 
4a.  Kernels  Red  (T.  vulgare  barbarossa  Al.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 
Winter  Habit Penquite 123 
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DESCRIPTION,    HISTORY,    DISTRIBUTION,    AND    SYNONYMY    OF    COMMON    WHEAT 

VARIETIES 

MABTIN 

Description. — Plant  winter  habit,  midseason,  tall ;  stem  white,  strong ;  spike 
awnleted,  linear-fusiform,  lax,  nodding,  easily  shattered;  glumes  glabrous, 
white,  long,  mid-wide ;  shoulders  mid-wide,  oblique  to  square ;  beaks  wide, 
acute,  triangular,  1  mm  long;  awnlets  few,  5  to  25  mm  long;  kernels  white, 
mid-long,  soft,  ovate ;  germ  small ;  crease  mid-wide,  mid-deep ;  cheeks  rounded ; 
brush  mid-sized,  mid-long. 

This  variety  is  distinguished  from  other  winter  varieties  of  the  group  by  its 
long,  lax,  tapering  spike.  A  selection  (C.I.5  4463)  has  been  isolated  that  is 
immune  from  some  forms  of  bunt. 

History. — Martin  (reg.6  no.  2)  was  originated  from  a  single  plant  found  as 
a  mixture  in  a  field  of  Clawson  by  Henry  S.  Bunnell,  of  Junius,  Seneca  County, 
N.Y.,  about  1875  (160).  Several  names  were  early  applied  to  it.  It  was  called 
Armstrong  by  R.  T.  Halloway,  of  Penn  Yan,  Yates  County,  N.Y.,  who  first 
distributed  it  in  1880  (11,  p.  666).  The  variety  never  became  widely  grown, 
however,  under  that  name.  In  1882  J.  A.  Everitt,  seedsman,  of  Watertown,  Pa., 
named  it  Martin  Amber  and  distributed  it  widely  (11,  p.  666).  The  variety  be- 
came commercially  established  under  that  name.  It  was  also  distributed  in 
1882  as  Landreth,  by  David  Landreth  &  Son,  seedsmen,  of  Philadelphia,  Pa. 
(160).  Satisfaction  is  the  name  under  which  a  similar  wheat  was  obtained  by 
the  United  States  Department  of  Agriculture,  but  this  evidently  was  wrongly 
labeled  and  the  name  should  not  be  used  for  this  variety.  Silver  Chaff  is  an 
old  name  for  the  variety  used  in  Ohio  (10)  and  was  early  recognized  by  the 
Ohio  Agricultural  Experiment  Station  as  a  synonym  for  Martin  (116). 

Distribution. — The  estimated  area  of  Martin  decreased  from  37,800  acres  in 
1919  to  1,564  acres  in  1929.  The  latter  acreage  was  reported  from  Idaho,  Ohio, 
and  Washington. 

Synonyms. — Amber,  Armstrong,  Landreth,  Martin  Amber,  Satisfaction,  Silver 
Chaff,  White  Amber. 

PROHIBITION 

Description. — Plant  winter  habit,  midseason  to  late,  mid-tall  to  tall;  stem 
glaucous,  white,  strong ;  spike  awnleted,  linear-oblong  to  subclavate,  mid-dense, 
erect  to  inclined ;  glumes  glabrous,  white,  mid-long,  wide ;  shoulders  narrow  to 
mid-wide,  oblique  to  rounded;  beaks  wide,  obtuse,  0.5  to  1  mm  long;  awnlets 
few,  1  to  15  mm  long ;  kernels  white,  mid-long,  soft,  ovate,  humped ;  germ  small ; 
crease  wide,  mid-deep;  cheeks  rounded;   brush  small,  mid-long. 

The  distinctly  humped  kernel  is  a  character  that  can  be  used  to  distinguish 
this  variety  from  the  other  soft  white  wheats  of  the  Pacific  Northwest.  Spikes, 
glumes,  and  kernels  of  this  variety  are  shown  in  plate  3,  A. 

History. — B.  H.  Irvine,  a  pioneer  in  the  Willamette  Valley  of  Oregon,  dis- 
tributed Prohibition  (reg.  no.  3)  in  that  State.  He  obtained,  through  a  Dr. 
Crawford,  several  varieties  from  the  Commissioner  of  Agriculture  for  trial, 
about  1885,  and  grew  them  on  his  farm  about  9  miles  northeast  of  Scio,  in  Linn 
County.  One  variety  proved  superior  to  anything  then  grown  in  the  vicinity. 
Having  forgotten  the  name  of  the  variety,  he  called  it  Prohibition,  as  he  had 
just  become  an  ardent  member  of  that  political  party.  Later  he  found  the 
description  sheet  which  accompanied  the  original  seed  and  learned  that  the 
name  was  "  Ricenbroad."  A  Rickenbrode  wheat  was  reported  as  a  new 
variety  tested  at  Mount  Pleasant,  Ontario  County,  N.Y.,  in  1883  (157).  It  was 
distributed  in  the  Western  States  by  the  Commissioner  of  Agriculture  about 
1885  and  is  without  doubt  the  wheat  referred  to.  Nothing  further  is  known 
concerning  its  origin. 

Distribution. — The  estimated  area  of  Prohibition  decreased  from  24,600  acres 
in  1919  to  5,928  in  1929.  The  latter  acreage  is  all  in  Oregon,  principally  in  the 
Red  Hills  section  of  the  Willamette  Valley. 

Synonyms. — Prohi  and  Rickenbrode.  Prohi  is  a  colloquial  shortening  of  the 
name  of  the  variety,  which  came  into  use  in  the  Pacific  Northwest. 


■C.I.  refers  to  accession  number  of  the  Division  of  Cereal  Crops  and  Diseases. 
•  Reg.  refers  to  registration  number,  explained  on  p.  15. 
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GREESON 

Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  glaucous,  white, 
mid-strong  to  strong;  spike  awnleted,  oblong-fusiform,  mid-dense,  erect  to 
inclined ;  glumes  glabrous,  white,  mid-long,  wide ;  shoulders  wide,  square  to 
elevated ;  beaks  wide,  obtuse,  1  mm  long ;  awnlets  few,  2  to  20  mm  long,  some- 
what incurved;  kernels  white,  mid-long,  soft,  ovate,  acute;  germ  mid-sized; 
crease  mid-wide,  deep ;  cheeks  rounded ;  brush  small,  mid-long. 

The  variety  differs  principally  from  Prohibition  in  being  slightly  earlier  and 
shorter,  and  in  having  slightly  longer  and  laxer  spikes  and  wider  glumes  and 
shoulders. 

History. — According  to  W.  H.  McLean,  of  Whitsett,  N.C.,  Greeson  (reg.  no. 
4)  was  "  originated  by  a  man  whose  name  was  Greeson,  and  has  been  grown 
in  this  country  for  a  number  of  years  and  is  very  popular."  7  He  reported  that 
it  constituted  40  percent  of  the  wheat  grown  near  Whitsett,  Guilford  County, 
N.C.,  in  1919. 

Distribution. — Estimated  area  in  1929,  9,912  acres,  grown  principally  in 
Chatham,  Randolph,  and  Guilford   Counties,  N.C. 

Synonym. — Greensboro.  Because  the  seed  was  obtained  at  a  fair  held  at 
Greensboro,  N.C,  this  name  is  used  for  the  variety  in  Randolph  County,  N.C. 

WHITE  WINTER 

Description. — Plant  winter  habit,  late,  mid-tall ;  stem  white,  strong ;  spike 
awnleted,  oblong,  blunt,  dense,  erect;  glumes  glabrous,  white,  mid-long,  broad 
at  base ;  shoulders  wanting  to  oblique ;  keel  incurved  above ;  beaks  wide,  obtuse, 
1  mm  long;  awnlets  few,  3  to  20  mm  long;  kernels  white,  short  to  mid-long, 
soft,  ovate,  slightly  humped ;  germ  small ;  crease  mid- wide,  mid-deep ;  cheeks 
rounded ;  brush  mid-sized,  mid-long. 

The  variety  differs  from  Prohibition  principally  in  being  later  and  less  hardy 
and  in  having  a  distinctly  incurved  keel,  smaller  germ,  and  blunter  kernel  tip. 
Spikes,  glumes,  and  kernels  of  this  variety  are  shown  in  plate  3,  B. 

History. — "White  Winter  (reg.  no.  5)  is  one  of  the  oldest  wheats  in  western 
Oregon.  It  is  reported  to  have  been  one  of  the  principal  wheats  raised  in  Ore- 
gon Territory  in  1855  (98).  Joseph  Connell,  of  Hillsboro,  Oreg.,  reported  in 
the  wheat  varietal  survey  of  1917  that  Wold's  White  Winter,  a  synonym  for 
White  Winter,  originated  in  Kent  County,  England,  and  had  been  grown  in 
Washington  County  for  about  40  years.  W.  L.  Bishop,  of  Dundee,  Yamhill 
County,  Oreg.,  claims  that  he  originated  it  as  a  result  of  a  hybrid  obtained 
by  sowing  several  varieties  in  a  field  and  letting  them  cross  naturally.  Names 
other  than  White  Winter  have  been  applied  to  the  variety  at  times,  but  none  has 
become  generally  used. 

Distribution. — Estimated  area  in  1929,  26,710  acres,  grown  in  western  Oregon 
and  in  Siskiyou  County,  Calif.  It  is  one  of  the  principal  varieties  grown  in 
the  Willamette  Valley  of  Oregon. 

Synonyms. — Bishop's  Pride,  Oregon  White,  Wold's  White  Winter. 

EATON 

Description. — This  variety  is  similar  to  White  Winter,  differing  only  in  being 
shorter  and  in  having  the  spike  slightly  clavate  rather  than  oblong.  Spikes, 
glumes,  and  kernels  of  Eaton  are  shown  in  plate  4,  A. 

History. — The  origin  of  Eaton  (reg.  no.  7)  is  undetermined.  It  is  thought  by 
the  writers  to  be  an  old  variety  of  English  origin.  It  has  been  grown  by  the 
Oregon  Agricultural  Experiment  Station  since  1894. 

Distribution. — Estimated  area  in  1929,  9,996  acres,  grown  in  Clackamas, 
Marion,  and  Multnomah  Counties,  Oreg. 

WILHELMINA     (HOLLAND) 

Description. — Plant  winter  habit,  late,  mid-tall;  stem  white,  strong;  spike 
awnleted,  clavate,  dense,  erect;  glumes  glabrous,  white,  short  to  mid-long,  mid- 
wide;  shoulders  narrow,  wanting  to  round;  beaks  broad,  obtuse,  0.5  mm  long; 


T  Letter  from  W.  H.  McLean,  dated  July  19,  1919. 


Tech.  Bui.  459,  U.S.  Dept.  of  Agriculture 


Flate  3 


Prohibition  (.4)  and  White  Winter  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 


Tech.  Bui.  459,  U.S.  Dept.  of  Agriculture 
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Eaton  (A)  and  Wilhelmina  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 


Tech.  Bui.  459,  U.S.  Dept.  of  Agriculture 


Plate  5 


Touse  (.4)  and  Defiance  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 


Tech.  Bui.  459.  U.S.  Dept.  of  Agriculture 


Plate  6 
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Onas  (A)  and  Bunyip  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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awnlets  few,  3  to  10  mm ;  kernels  white,  short  to  mid-long,  soft,  ovate,  slightly 
humped ;  germ  small ;  crease  mid-wide,  mid-deep ;  cheeks  rounded ;  brush  mid- 
sized, mid-long.  Wilhelmina  is  slightly  later  and  shorter  and  has  a  more  dense, 
erect  and  blockier  spike  than  White  Winter.  Spikes,  glumes,  and  kernels  of 
Wilhelmina  are  shown  in  plate  4,  B. 

History. — Wilhelmina,  or  Queen  Wilhelmina,  was  developed  by  Emeritus  Prof. 
L.  Broekema  (43),  of  the  agricultural  high  school,  Wageningen,  the  Nether- 
lands, by  back-crossing  a  selection  from  Squarehead  X  Zeeuwsche  on  Square- 
head. Zeeuwsche  was  grown  extensively  in  the  Netherlands  about  1890.  The 
original  cross  was  made  in  1885.  Wilhelmina  is  now  one  of  the  most  prolific 
and  most  widely  grown  varieties  in  that  country. 

It  was  introduced  under  the  name  of  Queen  Wilhelmina  from  the  Netherlands 
by  the  Oregon  Agricultural  Experiment  Station  about  1914  and  distributed  as 
Holland  in  the  Willamette  Valley  of  western  Oregon,  where  it  has  partly 
replaced  such  varieties  as  White  Winter. 

Distribution. — The  estimated  area  of  Wilhelmina  in  1929  was  23,004  acres, 
grown  in  Yamhill,  Polk,  Linn,  Washington,  Benton,  and  Marion  Counties  in 
western  Oregon.     No  acreage  was  reported  in  1919  or  1924. 

Synonyms. — Holland,  White  Holland.  The  variety  is  known  in  the  United 
States  only  under  these  names. 

EARLY   DEFIANCE 

Description. — Plant  spring  habit,  early,  short  to  mid-tall;  stem  white,  mid- 
strong  ;  spike  awnless,  fusiform  to  oblong,  mid-dense,  erect ;  glumes  glabrous, 
white,  mid-long,  mid-wide ;  shoulders  narrow  to  mid-wide,  oblique  to  square ; 
beaks  wide,  triangular,  acute,  0.5  to  1.5  mm  long;  apical  awnlets  usually  want- 
ing ;  kernels  white,  mid-long,  semihard,  ovate  to  elliptical ;  germ  usually  small ; 
crease  mid-wide,  mid-deep ;  cheeks  usually  rounded ;  brush  mid-sized,  mid-long. 

The  variety  differs  from  Defiance  in  being  a  week  to  10  days  earlier  and  in 
having  harder  kernels  that  are  slightly  longer  and  more  pointed. 

History. — Early  Defiance  (reg.  no.  10)  is  a  strain  of  Defiance  wheat  dis- 
tributed by  the  Germain  Seed  Co.,  of  Los  Angeles,  Calif. 

Distribution. — Estimated  area  in  1924,  1,687  acres,  grown  in  San  Diego 
County,  Calif.    It  was  not  reported  in  1929. 

ESCONDIDO 

Description. — Plant  spring  habit,  early,  short  to  mid-tall;  stem  white,  mid- 
strong  ;  spike  awnleted,  fusiform,  lax,  erect  to  inclined ;  glumes  glabrous,  white, 
mid-wide,  mid-long;  shoulders  wide,  oblique  to  square;  beaks  broad,  obtuse, 
1  mm  long;  awnlets  few,  5  to  15  mm  long;  kernels  white,  mid-long,  semihard, 
ovate;  germ  mid-sized;  crease  wide,  mid-deep;  cheeks  angular;  brush  mid- 
sized, short. 

History. — Escondido  was  selected  from  Defiance  at  Davis,  Calif.,  by  the  Cali- 
fornia Agricultural  Experiment  Station  in  cooperation  with  the  Division  of 
Cereal  Crops  and  Diseases,  United  States  Department  of  Agriculture.  It  pro- 
duced good  yields  in  cooperative  tests  in  the  more  humid  valleys  along  the 
coast  of  southern  California  because  it  is  somewhat  resistant  to  rust.  It  was 
first  distributed  for  commercial  growing  in  southern  California  in  1928. 

Distribution. — Estimated  area  in  1929,  2,125  acres,  grown  in  southern  Cali- 
fornia. 

TOUSE 

Description. — Plant  spring  habit,  midseason,  mid-tall ;  stem  white,  slender, 
weak ;  apically  awnleted,  fusiform,  mid-dense,  erect  to  inclined ;  glumes  glab- 
rous, white,  mid-long,  narrow  to  mid-wide ;  shoulders  narrow,  oblique  to  square ; 
beaks  wide,  obtuse,  0.5  to  1  mm  long ;  apical  awnlets  wanting  to  few ;  kernels 
white,  mid-long,  soft,  ovate  to  nearly  elliptical ;  germ  usually  small ;  crease 
narrow  to  mid-wide,  mid-deep ;  cheeks  rounded ;  brush  small,  mid-long. 

This  variety  is  not  vigorous,  has  a  very  weak  stem,  and  shatters  readily.  It 
has  continued  in  cultivation  partly  as  a  mixture  with  club  wheat,  which  pre- 
vents lodging,  many  growers  stating  they  grow  Club  and  Touse.  Spikes,  glumes, 
and  kernels  of  Touse  wheat  are  shown  in  plate  5,  A. 
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History. — Touse  (reg.  no.  12)  is  an  old  wheat  of  Idaho  and  Utah.  It  was 
reported  grown  in  Utah  as  early  as  1870.  Its  origin  is  not  definitely  determined, 
but  it  is  thought  by  the  writers  to  be  the  Touzelle  wheat  which  was  introduced 
by  the  Federal  Government  from  Marseille,  France,  the  record  of  which  was  as 
follows : 

"  There  have  been  two  importations — one  of  140  bushels  in  August  1869  and  one 
of  123  busbels  in  January  1870.  A  small  distribution  was  made  in  September 
1869  chiefly  through  Senators  and  Representatives  in  Congress"  (79,  pp. 
128-129). 

Distribution  of  this  variety  by  the  Federal  Government  continued  for  several 
years.  In  the  early  seventies  reports  of  the  variety  were  received  from  several 
sections  of  the  United  States.  It  was  distributed  as  a  winter  wheat,  and  reports 
from  the  Eastern  States  show  that  it  did  not  prove  sufficiently  hardy  for  those 
sections,  while  in  California,  Colorado,  and  Oregon  it  was  grown  successfully. 

Distribution. — The  estimated  area  of  Touse  decreased  from  22,800  acres  in  1919 
to  4,977  acres  in  1929,  limited  in  the  latter  year  to  Utah  and  Wyoming. 

Synonym. — White  Touse. 

DEFIAN'CB 

Description. — Plant  spring  habit,  midseason,  mid-tall  to  tall;  stem  white, 
weak  to  mid-strong;  spike  awnleted,  fusiform,  mid-dense,  erect  to  inclined; 
glumes  glabrous,  white,  mid-long,  narrow ;  shoulders  narrow,  oblique  to  square ; 
beaks  wide,  obtuse,  somewhat  incurved,  1  mm  long;  awnlets  few,  5  to  20  mm 
long ;  kernels  white,  mid-long,  soft,  ovate ;  germ  usually  small ;  crease  wide, 
mid-deep;  cheeks  usually  angular;  brush  mid-sized,  mid-long. 

Defiance  wheat  is  variable  in  many  of  the  characters  above  described,  indi- 
cating that  there  are  several  different  strains  within  the  variety.  Spikes  and 
kernels  of  this  wheat  are  shown  in  plate  5,  B. 

History. — Defiance  (reg.  no.  13)  is  the  result  of  a  cross  of  White  Hamburg  as 
the  male  parent  and  Golden  Drop  as  the  female  parent,  which  was  made  by 
Cyrus  G.  Pringle,  in  the  Champlain  Valley,  near  Charlotte,  Vt,  in  1871.  It 
was  first  distributed  in  1878  by  B.  C.  Bliss  &  Sons,  as  Pringle's  Defiance.  It 
showed  three  distinct  types  of  grain.  A.  E.  Blount  took  some  of  this  wheat 
to  the  Colorado  Agricultural  Experiment  Station,  where  he  grew  it  during  a 
number  of  years  and  made  careful  selections.  Three  other  commercial  varieties 
have  been  developed  from  it,  viz,  Early  Defiance,  Escondido,  and  Regenerated 
Defiance.  A.  H.  Danielson,  who  succeeded  Professor  Blount  at  the  Colorado 
station,  has  recorded  the  following  interesting  history  of  the  origin  of  Defiance 
wheat : 

"  Before  closing  I  want  to  give  a  little  r£sum6  of  the  history  of  Colorado's  most 
famous  wheat.  The  mother  of  Defiance  traces  back  to  southern  England  and 
was  originated  by  F.  F.  Hallett,  of  Brighton,  in  the  sixties.  He  is  the  man 
who  first  used  the  word  '  pedigree'  as  applied  to  wheat.  The  mother  was  a 
decided  club-shaped  type  with  pretty  red  grain,  somewhat  soft,  and  Hallett 
called  it  the  Golden  Drop.  It  was  quite  popular  in  England,  but  never  amounted 
to  much  either  in  this  country  or  Australia.  From  England  it  went  to  Canada, 
where  a  man  named  Pringle  got  it  as  the  Canada  Club.  The  father  of  Defiance 
was  a  Dutchman  from  Germany,  and  rather  soft  at  that,  but  white.  It  came 
from  Hamburg,  from  whence  lots  of  wheat  emigrated  in  those  days.  It  had  a 
long,  coarse  broad  head,  a  big  white  berry,  and  a  rank-growing  constitution 
with  good  ability  to  stand  on  its  feet.  Good  old  White  Hamburg  has  long  since 
been  dead  and  buried  to  cultivation,  at  least  under  that  name,  but  was  largely 
grown  on  the  Pacific  slope  during  the  early  days  of  cereal  culture  there"  (73). 

Much  of  the  former  acreage  of  Defiance  has  been  replaced  with  the  more 
productive  varieties  Dicklow  and  Federation. 

Distribution. — The  estimated  area  of  Defiance  decreased  from  194,400  acres 
in  1919  to  40,926  acres  in  1929.  The  latter  acreage  was  grown  from  spring 
sowing,  mostly  on  irrigated  land  in  Colorado,  Idaho,  New  Mexico,  and  Utah, 
and  from  fall  sowing  in  western  Oregon  and  in  California. 

Synonym. — Pringle's  Defiance. 

KINK 

Description. — Plant  spring  habit,  midseason,  mid-tall;  stem  white,  strong; 
spike  awnleted,  broadly  fusiform,  mid-dense  to  dense,  inclined;  glumes  gla- 
brous, yellowish  white,  mid-long,  mid-wide;  shoulders  wide,  usually  square; 
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beaks  wide,  acute,  curved  1  to  1.5  mm  long;  awnlets  many,  2  to  10  mm  long, 
occurring  throughout  the  spike  and  distinctly  incurved;  kernels  white,  short 
to  mid-long,  soft,  ovate,  slightly  humped ;  germ  usually  small ;  crease  mid-wide, 
deep ;  cheeks  rounded ;  brush  mid-sized,  mid-long  to  long. 

This  variety  is  distinct  in  having  incurved  awnlets  throughout  the  entire 
length  of  the  spike. 

History. — The  origin  of  Rink  (reg.  no.  14)  is  undetermined.  It  was  reported 
to  have  been  grown  in  Washington  County,  Oreg.,  since  1909. 

Distribution. — The  estimated  area  of  Rink  increased  from  14,400  acres  in 
1919  to  30,053  acres  in  1929.  The  latter  acreage  was  reported  from  Benton, 
Clackamas,  Linn,  Marion,  Multnomah,  Polk,  Washington,  and  Yamhill  Coun- 
ties, Oreg. 

onas 

Description. — Plant  spring  habit,  early  to  midseason,  short  to  mid-tall ;  stem 
white,  strong ;  spike  apically  awnleted,  oblong,  dense,  erect ;  glumes  gla- 
brous, white,  short,  wide ;  shoulders  wide,  oblique  to  square ;  beaks  mid-wide  to 
wide,  obtuse,  0.5  mm  long;  apical  awnlets  few,  0.5  to  5  mm  long;  kernels 
white,  short  to  mid-long,  soft,  ovate ;  germ  mid-sized ;  crease  wide,  mid-deep ; 
cheeks  rounded ;  brush  small,  mid-long.  Spikes,  glumes,  and  kernels  of  Onas  are 
shown  in  plate  6,  A. 

History. — Onas  (reg.  no.  252)  was  developed  (165)  by  F.  Coleman  of 
Tuela,  Saddleworth,  South  Australia,  from  a  cross  between  Federation  and 
Tarragon,  the  latter  in  turn  from  a  cross  between  Improved  Fife  and  Tardent's 
Blue.  Onas  was  introduced  from  Australia  by  the  United  States  Department 
of  Agriculture  (F.P.I.8  46796)  in  1918.  After  having  been  tested  in  cooperative 
experiments  in  the  Pacific  Coast  States  seed  was  distributed  from  the  Univer- 
sity Farm  at  Davis,  Calif.,  in  1923.  It  was  registered  as  an  improved  variety 
in  1926  (58),  its  superior  characters  being  high  yielding  capacity  and  strong 
stems.  It  has  produced  good  yields  on  farms  in  Monterey  and  adjacent  counties 
in  southern  California  and  in  the  Sacramento  Valley.  It  yields  about  the 
same  as  Federation  in  the  more  humid  sections  and  under  irrigation  in  the 
Intermountain  and  Coast  States.  It  has  yielded  about  the  same  as  Baart  in 
experiments  under  extremely  dry  conditions  at  Lind,  Wash.  The  variety 
seems  to  have  an  unusually  wide  adaptation  in  the  Intermountain  and  Pacific 
Coast  States. 

Distribution.— Estimated  area  in  1929,  17,330  acres,  grown  in  California, 
Oregon,  and  Washington. 

BUNYTP 

Description. — Plant  spring  habit,  early,  mid-tall;  stem  white,  strong;  spike 
awnleted,  oblong,  dense,  erect;  glumes  glabrous,  yellowish  white  (brown 
striped),  mid-long,  mid-wide;  shoulders  mid-wide,  oblique  to  square;  beaks 
narrow  to  mid-wide,  acute,  0.5  mm  long;  awnlets  few,  3  to  12  mm  long; 
kernels  white,  mid-long,  soft  to  semihard,  ovate ;  germ  mid-sized ;  crease  mid- 
wide,  mid-deep;  cheeks  angular;  brush  mid-long,  mid-sized  to  large.  Spikes, 
glumes,  and  kernels  of  Bunyip  are  shown  in  plate  6,  B. 

The  glumes  of  this  variety  are  distinctly  brown  striped,  which  sometimes  gives 
it  the  appearance  of  a  brown-glumed  variety. 

History.— Bunyip  (reg.  no.  15)  is  an  Australian  variety  originated  by  Wil- 
liam Farrer,  the  well-known  plant  breeder  of  New  South  Wales,  Australia. 
Its  origin  has  been  recorded  as  follows: 

"It  is  a  crossbred,  produced  as  the  result  of  mating  two  other  crossbreds, 
Rymer  and  Maffra,  together.  Rymer,  the  mother  plant,  was  produced  as  the 
result  of  crossing  Purplestraw  [a  white  grain  Australian  variety]  on  to  Improved 
Fife,  the  latter  being  a  Manitoba  variety.  Maffra  was  the  product  of  King's 
Jubilee,  mated  with  an  unnamed  crossbred  (Blount's  LambriggX Hornblende). 
Its  pedigree  is,  therefore,  as  follows: 

8  F.P.I,  refers  to  accession  number  of  the  Division  of  Plant  Exploration  and  Introduction 
(formerly  Foreign  Plant  Introduction). 

81578°— 35 4 
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Blount's  Lambrigg  X  Hornblende 


An  unnamed 
crossbred 


X 


King's 
Jubilee 


Improved  Fife  X  Purplestraw 


Maffra 


I 
Rymer 


Bunyip 


**  The  cross  was  made  in  1897  and  named  in  1901 "  (205,  p.  189). 
Bunyip  was  first  introduced  into  the  United   States   (F.P.I.  38345)   in  May 
1914  by  the  United  States  Department  of  Agriculture  (215).    In  1915  a  sample 
of  the  variety  was  included  in  the  Australian  exhibit  at  the  Panama-Pacific 
International   Exposition   at   San   Francisco,   Calif.     A 
part  of  ttris  seed  was  obtained,  together  with  that  of  sev- 
eral other  varieties,  by  the  Sperry  Flour  Co.  and  grown 
on  their  experiment  station  near  Stockton,  Calif.     Of 
several  varieties  grown,  Bunyip  was  selected  as  the  most 
promising  and  was  increased  and  distributed  for  com- 
mercial growing  in  California.     It  has  partly  replaced 
such  varieties  as  Pacific  Bluestem  and  Baart. 

Distribution. — The  estimated  acreage  of  Bunyip  in- 
creased from  a  few  experimental  acres  in  1919  to  29,508 
acres  in  1924  and  to  116,435  acres  in  1929.  The  latter 
acreage  was  reported  from  California,  Washington,  and 
Idaho,  as  shown  in  figure  IS. 

PACIFIC   BLUESTEM 

Description. — Plant  spring  habit,  late,  tall ;  stem  white, 
mid-strong;  spike  awnleted,  linear-oblong,  dense,  erect 
to  inclined ;  glumes  glabrous,  yellowish  white,  sometimes 
becoming  a  light  brown,  mid-long,  wide ;  shoulders  wide, 
square  to  elevated;  beaks  wide,  oblong,  obtuse  to  trun- 
cate, 0.5  to  1  mm  long;  awnlets  several,  8  to  20  mm 
long;  kernels  white,  mid-long,  soft  to  semihard,  ovate, 
sometimes  becoming  oval ;  germ  mid-sized ;  crease  wide,  mid-deep ;  cheeks 
usually  angular;  brush  mid-sized,  mid-long. 

This  variety  can  be  easily  identified  by  its  broad,  square  to  elevated  shoulders 
and  broad,  blunt  beaks.  The  variety  is  adapted  to  favorable  climatic  condi- 
tions, and  the  grain  is  considered  above  the  average  in  quality  for  breadmaking 
among  the  white-kerneled  wheats  grown  in  the  Pacific  Coast  States.  Spikes, 
glumes,  and  kernels  of  Pacific  Bluestem  are  shown  in  plate  7,  A. 

History. — Pacific  Bluestem  (reg.  no.  10)  is  an  old  wheat  of  the  Pacific 
coast  area,  most  commonly  known  as  "  Bluestem  and  White  Australian." 
The  variety  came  to  North  America  from  Australia.  White  Lammas  was  the 
leading  wheat  variety  of  Australia  during  the  earliest  years  of  wheat  produc- 
tion in  that  country.  According  to  Cobb  (68,  p.  9),  White  Australian  of  Cali- 
fornia is  identical  with  White  Lammas  of  Australia.  It  apparently  was  intro- 
duced into  the  United  States  in  the  early  fifties  as  White  Australian  or  Aus- 
tralian. During  the  period  from  1852  to  1866  (195,  p.  176;  29,  p.  188;  83,  p. 
586)  its  culture  became  established  in  California  under  the  name  White 
Australian.  Bluestem  is  the  name  under  which  the  variety  became  established 
in  Washington  and  Oregon.  According  to  W.  P.  Church,  of  Walla  Walla, 
Wash.,  the  wheat  known  as  "  Bluestem "  in  that  section  came  from  two 
introductions,  the  first  from  Australia  in  1882  and  the  second  from  New 
Zealand  in  1896.  The  following  item  was  recorded  concerning  the  first  intro- 
duction : 


Figure  18. — Distribu- 
tion of  Bunyip  wheat 
in  1929.  Estimated 
area.    116.435    acres. 
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"Most  of  the  wheat  raised  in  that  locality  (Walla  Walla  County)  is  what 
Is  known  as  the  Bluestem  variety.  It  is  an  Australian  wheat,  introduced  in  this 
country  by  Sibson,  Church  &  Co.  George  Delaney  was  the  first  to  sow  the 
wheat  in  this  country  in  1882,  but  W.  H.  Reed,  of  the  firm  of  Reed  &  Co., 
grain  merchants,  was  the  first  to  bring  it  into  general  use"  {lit). 

Concerning  the  second  introduction,  Mr.  Church  has  stated  that  "  it  con- 
sisted of  14  sacks  and  contained  a  mixture  of  10  to  15  percent  of  red  kernels 
contained  in  bearded  heads."  Mr.  Church  stated  further  that  the  intro- 
ductions came  under  the  name  of  Purplestraw  Tuscan.  This  name,  however, 
was  never  used  for  the  wheat  in  the  United  States.  The  wheat  is  not  similar 
to  the  Purplestraw  Tuscan  wheat  of  Australia,  but  is  somewhat  similar  to, 
but  not  identical  with,  the  White  Tuscan  and  Silver  King  varieties. 

It  is  not  known  how  the  name  "  Bluestem  "  came  to  be  applied  to  the  variety, 
as  it  does  not  have  the  purple  stem  common  to  many  varieties  of  wheat  and  is 
not  similar  to  any  of  the  other  five  varieties  grown  in  the  United  States 
under  that  name.  To  distinguish  this  Bluestem  wheat  from  the  others  it  has 
been  called  Pacific  Bluestem.  In  Washington  and  Oregon,  Pacific  Bluestem 
became  as  popular  as  White  Australian  did  in  California.  A  large  part 
of  the  acreage  of  Pacific  Bluestem  has  been  replaced  by  Baart  and  Federation 
in  recent  years. 

Distribution. — The  estimated  acreage  of  Pacific  Blue- 
stem  decreased  from  1,363,400  acres  in  1919  to  363,955 
acres  in  1929.  The  latter  acreage  was  reported  from 
eight  States,  as  shown  in  figure  19. 

Synonyms. — Australian,  Bluestem,  Chile,  Palouse 
Bluestem,  White  Australian,  White  Bluestem,  White 
Chile,  White  Elliott,  White  Lammas. 

GYPSUM 

Description. — Plant  spring  habit,  midseason,  mid-tall ; 
stem  glaucous,  white,  strong ;  spike  awnleted,  subclavate, 
mid-dense,  inclined;  glumes  glabrous,  white,  mid-long, 
wide;  shoulders  wide,  oblique  to  square;  beaks  wide, 
triangular,  acute,  0.7  to  1.2  mm  long;  awnlets  several, 
5  to  15  mm  long ;  kernels  white,  mid-long,  soft  to  semi- 
hard, ovate ;  germ  mid-sized ;  crease  mid-wide,  mid-deep ; 
cheeks  usually  angular ;  brush  mid-sized,  mid-long. 

This  variety  differs  principally  from  Defiance  in 
having  shorter  and  broader  subclavate  spikes  and 
broader  glumes  with  squarer  shoulders  and  longer  beaks. 
The  kernels  have  a  distinctly  rough  coat. 

History. — Gypsum  (reg.  no.  19)  is  recorded  by  Carle- 
ton  (50,  p.  83)  as  of  hybrid  origin.  It  was  developed  at  the  Colorado  Agricul- 
tural Experiment  Station,  Fort  Collins,  Colo.,  during  the  eighties,  by  A.  E. 
Blount.  The  variety  became  known  in  Australia  as  Blount's  Lambrigg  (70,  p.  4; 
52,  p.  219).  During  recent  years,  in  the  United  States,  the  variety  has  been 
grown  as  Colorado  Special,  that  name  having  been  in  use  as  early  as  1912  on 
the  Rexburg  Bench,  in  southeastern  Idaho. 

Distribution. — The  estimated  acreage  of  Gypsum  decreased  from  9,600  acres 
in  1919  to  1,520  acres  in  1924,  and  it  was  not  reported  in  1929.  It  was  for- 
merly grown  as  Colorado  Special  in  southeastern  Idaho. 

Synonyms. — Blount's  Lambrigg,  Colorado  Special. 


Figdrb  19. — Distribu- 
tion of  Paoific  Blue- 
stem  wheat  in  1929. 
Estimated  area,  363,- 
955  acres. 


OREGON    ZIMMERMAN     (ZIMMERMAN) 


Description. — Plant  spring  habit,  midseason,  tall ;  stem  white,  strong ;  spike 
awnleted,  clavate,  mid-dense  to  dense  at  apex,  inclined ;  glumes  glabrous,  white, 
mid-long,  mid-wide;  shoulders  narrow,  oblique;  beaks  mid-wide,  obtuse,  1  mm 
long ;  awnlets  several,  5  to  25  mm  long ;  kernels  white,  mid-long  to  long,  soft ; 
germ  elliptical,  mid-sized ;  crease  wide,  deep ;  cheeks  angular ;  brush  mid-long. 

History. — Ed.  Zimmerman,  of  Shedd,  Oreg.,  developed  this  variety  from  a 
single  plant  and  first  distributed  it  about  1921.  As  the  Surprise  variety  has 
been  grown  in  this  locality,  it  is  probable  that  Oregon  Zimmerman  is  a  selection 
from  it.    This  variety  grown  in  Oregon  under  the  name  "  Zimmerman "  has 
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white  kernels  and  should  not  be  confused  with  the  soft  red  winter  variety 
bearing  this  name. 

Distribution. — Estimated  area  in  1929,  3,474  acres,  grown  in  the  Willamette 
Valley  of  Oregon. 

Synonym. — Zimmerman. 

surprise 

Description. — Plant  spring  habit,  late,  mid-tall  to  tall;  stem  slightly  glau- 
cous before  maturity,  white,  mid-strong  to  strong,  coarse ;  leaves  broad ;  spike 
awnleted,  clavate,  dense,  erect;  glumes  glabrous,  white,  mid-long,  mid-wide; 
shoulders  mid-wide,  oblique  to  square;  beaks  wide,  obtuse,  1  mm  long;  awn- 
lets  several.  3  to  15  mm  long;  kernels  white,  short  to  mid-long,  soft,  oval  to 
ovate ;  germ  small  to  mid-sized ;  crease  wide,  deep ;  cheeks  rounded  to  angular ; 
brush  mid-sized,  mid-long. 

This  wheat  varies  somewhat  from  the  preceding  description.  Several  dis- 
tinct types  have  been  selected  from  it,  and  many  more  could  be.  Like  Defiance, 
the  variety  was  not  pure  when  first  distributed.  It  is  a  high-yielding  wheat 
when  grown  under  very  favorable  conditions  and  is  well  adapted  for  growing 
under  irrigation. 

History. — Surprise  (reg.  no.  20)  was  originated  by  Cyrus  G.  Pringle,  in  the 
Champlain  Valley,  near  Charlotte,  Vt.,  in  the  late  seventies.  Concerning  the 
origin  of  the  variety,  Mr.  Pringle  wrote  the  Rural  New  Yorker  as  follows : 

"My  No.  4  (thus  numbered  only  in  samples  of  wheat  sent  to  Prof.  Blount 
for  trial)  is  a  cross  between  the  Chile  Club,  the  soft,  white  variety,  widely 
grown  in  the  Pacific  coast,  and  the  Michigan  Club,  once  common  over  our 
Northwestern  States.  Under  the  name  of  Pringle's  Surprise,  the  entire  stock 
was  sold  two  or  three  years  ago  by  my  agent  to  the  Commissioner  of  Agri- 
culture, Le  Due,  for  distribution"  (12). 

It  evidently  was  widely  distributed  in  several  Western  States  in  the  eighties. 
It  was  advertised  in  California  farm  papers  at  that  time,  but  with  the  decline 
of  the  wheat  industry  in  that  State  the  identity  of  the  variety  became  lost.  It 
later  became  known  by  several  different  names.  In  California  it  has  been 
called  California  Gem,  Bay,  Golden  Gate  Club,  Smith  Club,  and  Pride  of  Cali- 
fornia. In  Utah  it  has  been  grown  as  California  Club,  Imperial  Club,  Silver 
Club,  Excelsior,  and  Silver  Chaff.  The  name  Pringle's  Surprise  continued  in 
use  in  Grays  Harbor  County,  Wash.,  where  it  was  introduced  about  1883.  Aus- 
tralian Club  is  the  name  under  which  the  variety  is  grown  in  Lane  County, 
Oreg.  California  Gem  is  the  name  under  which  the  variety  was  grown  and 
distributed  by  the  California  Agricultural  Experiment  Station  beginning  about 
1899  (20).  University  Gem  has  also  been  used  by  the  California  Agricultural 
Experiment  Station.  White  Russian  was  used  for  the  variety  by  the  Wash- 
ington Agricultural  Experiment  Station. 

Distribution. — Estimated  area  in  1929,  24,071  acres,  grown  in  California, 
Colorado,  Oregon,  Utah,  Washington,  and  Wyoming,  mostly  under  the  syno- 
nyms here  recorded. 

Synonyms. — Australian  Club,  Bay,  California  Club,  California  Gem,  Cali- 
fornia Glory,  Excelsior,  Golden  Gate  Club,  Imperial  Club,  Pride  of  California, 
Pringle's  Surprise,  Silver  Chaff,  Silver  Club,  Smith  Club,  University  Gem, 
White  Russian. 

DICKLOW 

Description. — Dicklow  differs  from  Surprise  in  having  spikes  slightly  longer 
and  laxer  and  stems  and  leaves  much  more  glaucous  during  the  heading  and 
blossoming  stages  of  growth.  It  is  a  high-yielding  variety  under  irrigation, 
but  will  shatter  badly  if  allowed  to  become  overripe  before  harvest.  Spikes, 
glumes,  and  kernels  are  shown  in  plate  7,  B. 

History. — Dicklow  (reg.  no.  21)  was  developed  by  selection  and  is  much 
more  uniform  than  Surprise.  The  origin  of  this  strain  of  Surprise  wheat  has 
been  recorded  by  Aicher  (26,  p.  20)  as  follows: 

"Mr.  James  Holly,  of  Utah  County,  Utah,  obtained  some  California  Club 
wheat  from  northern  California  and  seeded  it  on  his  farm.  Excellent  results 
were  obtained,  and  he  called  the  attention  of  his  neighbor,  Mr.  Richard  Low,  to 
his  new  wheat.     Mr.  Low  obtained  some  and  grew  it.      He  noticed  that  the 
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Pacific  Bluestem  (A)  and  Dicklow  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Quality  (^1)  and  White  Federation  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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wheat  contained  different  types  and  proceeded  tt  select  the  type  which  he 
liked  best.  He  grew  this  selection  for  several  years,  and  the  neighbors  soon 
began  clamoring  for  'Dick'  Low's  wheat.  As  the  wheat  became  spread  over 
that  section  of  Utah,  it  lost  its  personal  connection  with  '  Dick '  Low  and  be- 
came known  simply  as  Dicklow  wheat." 

Irwin  Dicklow  is  the  name  used  for  a  selection  of  Dicklow  developed  by 
Carl  D.  Irwin,  Twin  Falls,  Idaho,  and  is  even  more  uniform  than  Dicklow  itself. 

In  southern  Idaho  the  millers  prefer  Dicklow  to  other  varieties  for  the  soft- 
wheat  flour  trade  because  it  produces  a  low-protein,  very  white  flour. 

Dicklow  has  replaced  such  varieties  as  Defiance  and  Colorado  Special  under 
irrigation. 

Distribution. — The   estimated    acreage    of   Dicklow    decreased   from    164,600 
acres  in  1919  to  115,947  acres  in  1924  but  increased  to  253,421  acres  in  1929. 
The  latter  acreage  was  reported  from  10  States,  as  shown  in  figure  20.    Dicklow 
is  most  widely  grown  under  irrigation  in  southern 
Idaho,  where  it  was  introduced  in  1912  and  1913. 

Synonyms. — Irwin  Dicklow,  Jim  Holly. 

QUALITY 

Description. — Plant  spring  habit,  early,  short  to 
mid-tall;  stem  white,  strong;  spike  awnleted,  fusi- 
form, mid-dense,  erect  to  inclined,  easily  shattered ; 
glumes  glabrous,  yellowish  white,  short,  wide ;  shoul- 
ders wide,  oblique  to  square;  beaks  wide,  acute,  0.5 
mm  long;  awnlets  several,  5  to  25  mm  long;  kernels 
white,  short  to  mid-long,  hard,  oval ;  germ  mid-sized ; 
crease  mid-wide,  mid-deep  to  deep ;  cheeks  rounded ; 
brush  mid-sized,  mid-long.  Spikes,  glumes,  and  ker- 
nels of  Quality  are  shown  in  plate  8,  A. 

Quality  is  a  spring  wheat  and  is  not  winter  hardy 
when  fall  sown.  It  is  resistant  to  some  forms  of 
bunt  and  shatters  very  badly  in  dry  climates. 

History. — Quality  (reg.  no.  23)  was  first  distrib- 
uted by  Luther  Burbank,  of  Santa  Rosa,  Calif.,  in 
1918.    In  his  catalog  of  New  Standard  Grains  (^5)  in 

1918,  Mr.  Burbank's  first  published  statement  concerning  Quality  wheat  is 
as  follows : 

"  This  season  I  offer  a  superior  early  hard  white  wheat  suited  to  all  climates 
wherever  wheat  can  be  grown ;  as  a  summer  wheat  in  the  cold  far  northern 
climates  and  as  a  winter  crop  in  the  United  States  and  most  wheat-growing 
countries.  It  is  especially  adapted  also  to  short  seasons  and  soils  and  dry 
climates.  A  superior  white  milling  wheat  which  makes  the  best  light,  sweet, 
nutritious  bread  and  pastry.  *  *  *  This  early,  hardy  '  Quality '  wheat 
which  I  offer  this  season  will  not  yield  as  much  as  some  of  the  coarse  macaroni 
wheats  in  some  warm,  dry  sections,  but  for  general  culture,  with  its  unusual 
hardiness  and  extreme  earliness,  uniformity,  superior  milling  and  bread-making 
qualities,  it  stands  alone.  It  most  resembles  in  all  these  respects  the  hard 
northern  wheat  '  Prize  Marquis ',  but  has  a  vitreous  white  berry  of  quite 
different  appearance  and  quality  and  of  about  the  same  specific  gravity  as 
granite." 

The  seed  was  originally  sold  at  $5  per  pound,  or  $45  for  10  pounds,  i.e.,  at 
the  rate  of  $270  a  bushel.  Concerning  these  extravagant  claims  and  prices, 
Buller  {hk,  p.  285)  has  made  the  following  comment: 

"  But  Mr.  Burbank  is  only  just  beginning  his  work  as  an  introducer  of 
new  wheats,  and  the  writer  cannot  help  feeling  that  in  penning  his  advertise- 
ment of  Quality  he  allowed  his  enthusiasm  for  his  new  cereal  to  be  mixed 
a  little  too  freely  with  his  ink.  *  *  *  When  Mr.  Burbank  tells  us  that 
Quality  *  *  *  has  kernels  with  about  the  same  specific  gravity  as 
granite,  surely  he  is  addressing  us  in  the  language  of  hyperbole." 

The  Pillsbury  Flour  Mills  Co.,  of  Minneapolis,  Minn.,  distributed  seed  of 
Quality  wheat  in   North  Dakota,   South   Dakota,  and  Minnesota   about  1923. 

Distribution. — The  estimated  acreage  of  Quality  increased  from  a  few  experi- 
mental acres  in  1920  to  11,876  acres  in  1924  and  to  131,842  acres  in  1929.  It 
is  grown  principally  in  North  Dakota,  South  Dakota,  Minnesota,  and  Idaho, 


Figure  20. — Distribution  of 
Dicklow  wheat  in  1929. 
Estimated  area,  253,421 
acres. 
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although  it  was  reported  in  11   States.     The  1929  distribution   is  shown   in 
figure  21. 

Synonyms. — Burbank's    Quality,    Qualintine,    Russian    Qualintine,    Siberian, 
Sorumer's  Triple  Cross. 

WHITE    FEDERATION 


Description. — Plant  spring  habit,  early,  short  to  mid-tall ;  stem  white,  strong, 
spike  awnless,  oblong,  mid-dense,  erect;  glumes  glabrous,  white,  short,  wide; 
shoulders  wide,  square ;  beaks  narrow,  acute,  0.5  mm  long ;  awnlets  wanting 
or  nearly  so;  kernels  white,  short,  semihard  to  hard,  ovate,  with  truncate  tip; 
germ  mid-large ;  crease  mid-wide,  mid-deep ;  cheeks  rounded ;  brush  mid-sized, 
mid-long.  Spikes,  glumes,  and  kernels  of  White  Federation  are  shown  in  plate 
8,  B. 

This  variety  is  very  similar  to  Hard  Federation,  except  that  it  has  white 
instead  of  brown  glumes  and  is  taller  and  more  uniform  in  height.  The  kernels 
are  not  quite  so  hard.  It  has  proved  to  be  a  high-yielding  wheat  in  some 
sections  of  California,  Oregon,  and  Washington. 

History. — White  Federation  (reg.  no.  25)  is  a  selection  from  Federation 
(145).    The  following  sentence  indicates  its  origin: 

"The  seed  (hard  kernels  selected  from  Federation  by  Mr.  J.  T.  Pridham, 
from  which  Hard  Federation  originated)    was  propagated,  and  in  1910  the 

occurrence  of  white 
heads  was  noticed  and 
from  then  until  1912 
distinctly  white  heads 
were  common  among  the 
brown"  (22,  p.  664). 

The  name  "  White 
Federation "  has  been 
used  for  the  wheat  at 
the  Cowra  Experiment 
Farm,  New  South  Wales, 
Australia,  since  1915, 
when  a  field  of  3  acres 
of  the  variety  was 
grown    (16 If). 

It  was  introduced  into 
the  United  States  by  the 
United  States  Depart- 
ment of  Agriculture  (215)  in  1916  (F.P.I.  42104),  when  5  ounces  of  seed  were 
presented  by  A.  E.  V.  Richardson,  agricultural  superintendent  of  the  Depart- 
ment of  Agriculture  at  Melbourne,  Victoria,  Australia.  It  was  first  grown 
in  a  5-foot  row  at  the  Sherman  County  Branch  Station,  Moro,  Oreg.,  in  1916. 
In  1918  it  was  first  grown  at  the  United  States  Plant  Introduction  Garden, 
Chico,  Calif.,  and  because  of  its  high  yield  at  that  point  it  was  increased 
and  distributed  in  1920  for  commercial  growing  in  California  (65,  p.  24). 

Distribution. — The  estimated  area  of  White  Federation  was  1,311  acres 
in  1924  and  38,401  acres  in  1929,  grown  in  California  and  Nevada. 
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Figure  21. — Distribution  of  Quality  wheat  in  1929.     Esti- 
mated area,  131,842  acres. 


REGENERATED    DEFIANCE 


Description. — Plant  spring  habit,  late,  tall;  stem  glaucous  when  green; 
white,  mid-strong;  spike  awnleted,  linear-oblong,  mid-dense,  erect  to  inclined; 
glumes  glabrous,  white,  mid-long,  narrow :  shoulders  narrow,  oblique  to  square ; 
beaks  narrow,  triangular,  acute,  0.8  to  1.5  mm  long;  awnlets  several,  3  to  15 
mm  long;  kernels  white,  short,  hard,  broadly  oval  to  ovate;  germ  mid-sized; 
crease  wide,  deep ;  cheeks  usually  angular ;  brush  mid-sized,  mid-long,  sometimes 
collared. 

This  variety  differs  from  Defiance  in  being  later  and  taller  and  in  having  a 
longer  and  broader  spike  and  a  shorter  and  harder  kernel.  The  kernel  differs 
from  Dicklow  in  being  shorter  and  harder  and  in  having  a  deeper  crease. 

History. — Regenerated  Defiance  (reg.  no.  27)  is  one  of  several  selections  of 
Defiance  wheat  made  by  A.  E.  Blount  at  the  Colorado  Agricultural  Experiment 
Station.  In  1903  A.  H.  Danielson  found  this  particular  selection  in  a  bottle 
marked  Defiance,  which  Professor  Blount  had  left  some  12  years  previously. 
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He  sowed  all  of  the  seed  found,  about  50  kernels,  but  only  3  produced  seed. 
This  seed  was  grown  and  further  selected  and  increased  until  1907,  when  it 
was  distributed  as  "  Regenerated  Defiance." 

Distribution. — Grown  mostly  under  irrigation  in  Colorado  and  Utah.  The 
distribution  of  this  strain  of  Defiance  cannot  be  separated  from  Defiance  itself. 

NEW   ZEALAND 

Description. — Plant  spring  habit,  midseason  to  late,  tall;  stem  white,  strong; 
spike  awnleted,  linear-oblong,  mid-dense,  inclined;  glumes  glabrous,  white, 
mid-long,  narrow ;  shoulders  mid- wide,  oblique  to  elevated ;  beaks  mid-wide, 
obtuse,  0.5  to  1  mm  long;  awnlets  few,  3  to  30  mm  long;  kernels  white,  mid- 
long  to  long,  soft,  ovate ;  germ  mid-sized ;  crease  mid- wide,  mid-deep ;  cheeks 
rounded ;  brush  mid-sized,  mid-long. 

This  variety  is  very  similar  to  Pacific  Bluestem,  but  it  differs  principally  in 
having  a  longer  and  laxer  spike,  narrower  shoulders,  and  larger  kernels. 

History. — The  origin  of  New  Zealand  (reg.  no.  28)  is  undetermined.  It  is 
possibly  the  Ble  de  Zeland  of  France,  described  by  Heuze  (113,  p.  79).  Accord- 
ing to  J.  H.  Wittuer,  county  agent,  Vernal,  Utah,  New  Zealand  wheat  was 
introduced  into  Utah  about  1890,  where  it  has  been  grown  sparingly  until  the 
present  time. 

Distribution. — The  estimated  area  of  New  Zealand  decreased  from  4,630 
acres  in  1924  to  881  acres  in  1929,  grown  in  Idaho  and  Utah. 

Synonyms. — Ninety-Day,  Ruby. 

cukrawa 

Description. — Plant  spring  habit,  early,  short  to  mid-tall;  stem  white,  strong; 
spike  awnleted,  clavate,  dense,  erect;  glumes  glabrous,  yellowish  white,  short, 
wide;  shoulders  wide,  oblique  to  square;  beaks  broad,  obtuse,  0.5  mm  long; 
awnlets  several,  5  to  20  mm  long ;  'kernels  white,  mid-long  to  long,  soft,  ovate ; 
germ  mid-sized ;  crease  wide,  deep ;  cheeks  angular ;  brush  small,  short. 

The  kernels  6t  Currawa  are  softer  than  those  of  Baart,  the  spring  variety 
most  extensively  grown  in  central  Washington. 

History. — According  to  Scott  (189),  Currawa  was  bred  by  H.  Pye,  at  Dookie 
Agricultural  College,  Victoria,  Australia,  by  crossing  an  unnamed  hybrid  be- 
tween Northern  Champion  and  Cretan  with  Little  Club.  Cretan  is  a  durum 
wheat.  Currawa  (F.P.I.  42105)  was  first  introduced  into  the  United  States 
by  the  United  States  Department  of  Agriculture  from  seed  furnished  by  A.  E.  V. 
Richardson  of  Melbourne,  Victoria,  Australia,  in  1916.  It  was  tested  at  several 
experiment  stations  in  the  western  part  of  the  United  States  and  was  distributed 
from  the  experiment  station  at  Waterville,  Wash.,  in  1928. 

Distribution. — Since  1930  Currawa  has  been  grown  commercially  in  Douglas 
County,  Wash.,  where  it  is  liked  because  of  its  earliness  and  stiff  straw. 

PILORAW     (THOMPSON   CLUB) 

Description. — Plant  spring  habit,  midseason,  mid-tall,  stem  white,  strong; 
spike  awnleted,  clavate,  dense,  erect ;  glumes  glabrous,  white  to  yellowish,  short, 
wide;  shoulders  mid-wide  to  wide,  square  to  elevated;  beaks  narrow,  acute, 
0  5  to  1  mm  long ;  awnlets  several,  8  to  40  mm  long ;  kernels  white,  mid-long  to 
loiij\  soft,  ovate,  distinctly  humped ;  germ  mid-sized ;  crease  mid-wide,  mid-deep 
to  deep,  pitted ;  cheeks  rounded ;  brush  large,  mid-long  to  long. 

This  variety  is  very  similar  to  Surprise,  but  differs  principally  in  being 
earlier  and  shorter  and  in  having  more  numerous  and  longer  awnlets  and 
longer  and  humped  kernels. 

History. — Hugh  A.  Crawford,  Napa,  Calif.,  obtained  Pilcraw  (reg.  no.  29) 
from  a  neighbor  who  said  he  had  noticed  an  unusual  stool  of  wheat  near  an 
unfrequented  road  and  who  cut  it  when  ripe  and  started  experimenting  with 
it.  Mr.  Crawford  bought  the  original  seed  in  1913  and  increased  it  until  in  1917 
he  had  360  acres  growing  at  Winters,  Calif.  He  named  it  Pilcraw  Enormous 
and  distributed  it. 

Distribution. — Estimated  area  in  1929,  13,408  acres.  Grown  as  Thompson 
Club  in  the  Yakima  Valley  of  Washington. 

Synonyms. — Pilcraw  Enormous,  Thompson,  Thompson  Club,  White  Russian. 
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RICE 

Description. — Plant  winter  habit,  early,  mid-tall;  stem  white,  mid-strong; 
spike  awnleted,  fusiform,  dense,  erect ;  glumes  glabrous,  white,  short,  mid-wide ; 
shoulders  mid-wide,  oblique  to  square;  beaks  nearly  wanting;  awnlets  few,  1 
to  10  mm  long;  kernels  pale  red,  short  to  mid-long,  soft,  ovate;  germ  small  to 
mid-sized;  crease  mid-wide,  shallow  to  mid-deep;  cheeks  angular;  brush  mid- 
sized, mid-long. 

This  variety  is  very  similar  to  Zimmerman  but  differs  principally  in  having 
a  more  fusiform  although  denser  spike  and  harder  kernels. 

History. — The  origin  of  Rice  (reg.  no.  30)  is  undetermined,  although  it  is 
known  to  be  an  old  variety  in  the  United  States.  In  1883  it  was  first  reported 
as  a  "new  variety  tested  by  M.F.P.,  Mount  Pleasant,  Ontario  County,  N.Y." 
(151,  p.  657),  and  it  also  was  mentioned  in  that  year  by  C.  S.  Plumb  (162, 
p.  310)  in  a  paper  entitled  "The  Wheats  of  the  World",  read  at  the  Batavia 
Institute.  In  the  Southern  States  the  name  Red  May  is  applied  to  a  variety 
apparently  identical  with  Rice. 

Distribution. — Estimated  area  in  1929,  5,693  acres,  grown  in  Georgia,  Ken- 
tucky, Mississippi,  North  Carolina,  Tennessee,  and  West  Virginia. 

Synonyms. — Early  Rice,  Red  May,  Red  Rice,  White  Rice. 

MINHARDI 

Description, — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  slender, 
mid-strong ;  spike  awnleted,  fusiform,  mid-dense,  erect ;  glumes  glabrous,  white, 
mid-long,  narrow;  shoulders  narrow,  wanting  to  oblique;  beaks  wide,  obtuse, 

1  mm  long ;  awnlets  several,  those  on  the  upper  third  of  spike  usually  incurved, 

2  to  15  mm  long;  kernels  red,  short  to  mid-long,  soft  to  semihard,  ovate; 
germ  small;  crease  mid-wide,  mid-deep;  cheeks  usually  rounded;  brush  mid- 
sized, mid-long.     This  is  one  of  the  most  winter  hardy  wheats  grown. 

History. — Minhardi  (reg.  no.  31)  was  originated  at  the  Minnesota  Agricul- 
tural Experiment  Station.  It  is  one  of  the  progeny  of  a  cross  made  between 
Odessa  (female)  and  Turkey  (male)  in  1902,  when  W.  M.  Hays  was  in  charge 
of  the  plant  breeding.  Several  selections  from  this  cross  grown  in  1915 
showed  unusual  promise  for  winter  hardiness,  and,  after  further  experiments 
reported  by  Hayes  and  Garber  (101,  pp.  17-28),  the  most  hardy  strain  (Minn. 
No.  1505)  was  named  Minhardi  and  distributed. 

Distribution. — Estimated  area  in  1929,  886  acres  grown  in  Minnesota. 

Synonym. — Minnesota  No.  1505.  This  is  the  Minnesota  accession  number 
under  which  Minhardi  was  grown  until  it  was  named. 

LOFTHOUSE 

Description. — Plant  winter  habit,  midseason,  mid-tall ;  stem  white,  mid-strong ; 
spike  awnleted,  fusiform,  mid-dense,  inclined;  glumes  glabrous,  white,  mid- 
long,  mid-wide;  shoulders  wanting  to  narrow,  oblique;  beaks  wide,  obtuse, 
1  mm  long;  awnlets  several,  5  to  30  mm  long;  kernels  red,  mid-long,  soft, 
ovate;  germ  small;  crease  mid-wide,  mid-deep;  cheeks  usually  angular;  brush 
small,  mid-long. 

There  is  some  confusion  as  to  the  identity  of  this  variety.  It  frequently 
has  been  referred  to  as  white  kerneled  and  often  is  confused  with  the  Kofod 
variety. 

History. — A  wheat  by  the  name  of  Lofthouse  has  been  grown  in  Utah  since 
about  1890.  The  sample  from  which  were  grown  the  plants  described  above 
was  obtained  by  the  Nephi  substation,  Nephi,  Utah,  from  the  State  agricul- 
tural experiment  station  at  Logan  in  1904.  The  origin  of  Lofthouse  (reg.  no. 
32)  cannot  be  accurately  traced,  and  considerable  confusion  exists  as  to  whether 
the  variety  originally  was  a  white-kerneled  or  red-kerneled  wheat.  According 
to  J.  B.  Nelson,  the  variety  became  established  in  Utah  from  seed  distributed 
by  a  Mr.  Lofthouse,  a  farmer  at  Paradise,  Utah,  about  16  miles  south  of  Logan. 
Mr.  Nelson  states  that  in  1893  or  1894,  in  a  conversation  with  Mr.  Lofthouse 
regarding  the  best  varieties  of  wheat  for  dry  farming,  he  was  told  that 
Mr.  Lofthouse  had  received  a  sample  of  soft  white  winter  wheat  from  the 
United   States  Department  of  Agriculture  a   year   or  two  previously,   which 
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promised  to  produce  large  yields  and  was  a  good  milling  wheat.  He  stated 
that  he  had  sufficient  seed  on  hand  at  that  time  to  sow  a  good  acreage, 
that  he  was  going  to  sell  it  to  the  dry  farmers  at  market  value,  and  that 
he  had  named  the  wheat  Lofthouse.  The  wheat  was  hardy,  standing  the 
winter  better  than  other  varieties,  and  soon  became  the  most  extensively 
grown  winter  wheat  in  northern  Utah  and  southern  Idaho.  While  the  above 
statement  shows  that  the  wheat  originally  was  white  kerneled,  the  wheat 
grown  at  Nephi,  Utah,  since  1904  is  red  kerneled. 

Distribution. — Estimated  area  in  1929,  5,639  acres,  grown  in  Utah  and  Idaho. 
Part  of  this  distribution  was  reported  as  white  kerneled. 

Synonyms. — Winter  La  Salle,  Winter  Nellis.  Winter  La  Salle  is  thought 
to  be  the  name  under  which  the  wheat  later  named  Lofthouse  was  sent  to  Utah 
by  the  United  States  Department  of  Agriculture. 

LEAP 

Description. — Plant  winter  habit,  early,   mid-tall;   stem  white,  mid-strong; 
spike  awnleted,  fusiform,  mid-dense  to  lax,  inclined  to  nodding,  easily  shattered ; 
glumes   glabrous,    yellowish    white,    mid-long,    mid-wide ;    shoulders    mid-wide, 
oblique  to  square ;  beaks  wide,  acute,  0.5  mm  long ;  awn- 
lets  few,  3  to  10  mm  long;  kernels  red,  mid-long,  soft, 
ovate;  germ  small;  crease  mid-wide  to  wide,  mid-deep; 
cheeks  usually  angular;  brush  small,  mid-long.     Spikes, 
glumes,  and  kernels  of  Leap  wheat  are  shown  in  plate 
9,  A. 

History. — Leap  (reg.  no.  35)  is  reported  to  have 
originated  from  a  single  plant  found  in  a  field  of  Medi- 
terranean by  a  son  of  J.  S.  Leap,  of  Virginia.  From 
the  five  heads  gathered  in  1901,  Mr.  Leap  increased  the 
wheat  until  1905,  when  he  threshed  190  bushels  grown 
from  10  bushels  of  seed.  T.  W.  Wood  &  Sons,  seedsmen, 
of  Richmond,  Va.,  first  distributed  the  variety  as  Leap's 
Prolific.  General  distribution  of  the  wheat  started 
about  1907,  and  it  since  has  become  very  popular  (138, 
P.  U). 

Distribution. — Estimated  area  in  1929,  673,613  acres, 
grown  in  12  States,  as  shown  in  figure  22. 

Synonyms. — Hastings  Prolific,  Leap's  Prolific,  Woods 
Prolific,  Woolf. 

PURKOF 


Figurb  22. — Distribu- 
tion of  Leap  wheat 
In  1929.  Estimated 
area,  673,613  acres. 


Description. — Plant  winter  habit,  midseason,  mid-tall  to  tall;  stem  white, 
mid-strong;  spike  awnleted,  fusiform,  mid-dense,  nodding;  glumes  glabrous, 
white,  short,  wide;  shoulders  wide,  oblique  to  square;  beaks  mid-wide,  obtuse, 

1  mm  long;  awnlets  several,  5  to  25  mm  long; 
kernels  red,  short  to  mid-long,  semihard,  ovate  to 
elliptical;  germ  mid-sized;  crease  mid-wide,  mid- 
deep  ;  cheeks  rounded ;  brush  mid-sized,  mid-long. 
Purkof  is  a  soft  red  winter  wheat  with  a  semi- 
hard tendency.  It  usually  shows  some  hard  ker- 
nels and  is  often  graded  mixed  on  the  market. 
Spikes,  glumes,  and  kernels  of  Purkof  are  shown 
in  plate  9,  B. 

History. — Purkof    (reg.  no.  263)    was  produced 
from  a  hybrid  between  Michigan  Amber  and  Mala- 
kof  made  in  1912,  and  last  selected  in  1915,  at  the 
Purdue  University  Agricultural  Experiment   Sta- 
tion.    It  was  distributed  about  1924  and  registered 
(63)  as  an  improved  variety  in  1929.     Its  superior 
characters    are    high    yield    under    Indiana    con- 
ditions, outstanding  winter  hardiness,  stiff  straw,  resistance  to  shattering,  and 
ability  to  stand  in  the  field  without  loss  for  a  long  time  after  the  crop  is  ripe. 
Distribution. — Estimated  area  in  1929,  199,816  acres,  grown  in  4  States,  as 
shown  in  figure  23. 


Figure    23. — Distribution 
Purkof  wheat  in  1929.     Es- 
timated area,  199,816  acres. 
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ZIMMERMAN 

Description. — Plant  winter  habit,  early,  mid-tall;  stem  white,  mid-strong; 
spikes  awnleted,  oblong- fusiform,  mid-dense,  erect  to  inclined ;  glumes  glabrous, 
white,  short,  mid-wide ;  shoulders  mid-wide,  oblique  to  square ;  beaks  wide,  ob- 
tuse, 0.5  mm  long;  awnlets  few,  3  to  10  mm  long;  kernels  pale  red,  usually 
short,  soft,  ovate;  germ  small  to  mid-sized;  crease  mid-wide,  mid-deep;  cheeks 
rounded;  brush  small,  mid4ong. 

Zimmerman  is  similar  to  Fultz,  but  differs  principally  in  being  earlier  and 
having  white  straw  and  a  smaller  kernel. 

History. — Zimmerman  (reg.  no.  37)  is  reported  to  have  been  originated  about 
1837  near  Frederick,  Md.,  by  Henry  Zimmerman,  who  noticed  three  heads  of 
singular  appearance  near  the  edge  of  one  of  his  wheat  fields.  They  were  saved, 
the  seed  sown  and  increased,  and  at  the  end  of  the  sixth  year  he  had  over  60 
bushels;  in  the  seventh  year  the  wheat  was  sold  to  the  public  (118).  The 
kernel  is  described  as  "  of  a  rich  yellow."  This  might  indicate  that  it  was  a 
white-kerneled  wheat.  From  1847  to  1850  the  name  "  Zimmerman "  was 
applied  in  literature  to  both  a  white  and  a  red  wheat.  References  to  red- 
kerneled  Zimmerman  wheat  in  the  fifties  show  it  was  widely  grown  in  Mary- 
land, Virginia,  and  Pennsylvania,  and  by  the  early  nineties  it  was  an  important 
wheat  in  eastern  Kansas. 

Distribution. — The  estimated  area  of  Zimmerman  decreased  from  12,600 
acres  in  1919  to  196  acres  in  1924,  and  the  variety  was  not  reported  in  1929. 
It  was  formerly  grown  in  Kansas  and  Missouri. 

WALKER 

Description. — Plant  winter  habit,  early  to  midseason,  mid-tall  to  tall;  stem 
white,  strong;  spike  awnleted,  oblong-fusiform,  mid-dense,  inclined;  glumes 
glabrous,  white,  short,  wide;  shoulders  mid-wide,  oblique  to  rounding;  beaks 
wide,  obtuse,  0.5  mm  long;  awnlets  few,  3  to  10  mm  long;  kernels  pale  red, 
mid-long,  soft,  ovate ;  germ  mid-sized ;  crease  mid-wide,  mid-deep ;  cheeks 
rounded ;  brush  small,  mid-long. 

Walker  differs  from  Zimmerman  in  being  slightly  later  and  taller  and  has 
a  more  inclined  spike,  wider  glumes,  and  larger  kernels  and  germ. 

History. — The  origin  of  Walker  (reg.  no.  38)  is  undetermined.  It  is  known 
to  be  an  old  variety  of  the  eastern  United  Siates  and  was  being  replaced  by 
Tappahannock  in  Jackson  County,  N.C.,  in  1871  (79,  p.  131). 

Distribution. — Estimated  area  in  1929,  1,143  acres,  grown  in  Tennessee,  Okla- 
homa, Kentucky,  and  North  Carolina. 

HARVEST   QUEEN 

Description. — Plant  winter  habit,  midseason,  tall;  stem  white,  strong;  spike 
awnleted,  oblong,  dense,  erect  to  inclined;  glumes  glabrous,  white,  mid-long, 
mid-wide ;  shoulders  wide,  oblique  to  square ;  beaks  wide,  obtuse,  0.5  mm  long ; 
awnlets  few,  3  to  10  mm  long;  kernels  dull  red,  mid-long,  soft,  ovate;  germ 
mid-sized ;  crease  mid-wide  to  wide,  mid-deep ;  cheeks  rounded ;  brush  mid- 
sized, mid-long. 

Harvest  Queen  is  distinct  in  having  tall,  bright,  strong  straw  and  a  thick 
oblong  spike.  Spikes,  glumes,  and  kernels  of  this  variety  are  shown  in  plate 
10,  A. 

History. — The  history  of  Harvest  Queen  (reg.  no.  39)  is  not  definitely  known. 
The  name  "  Harvest  Queen  "  was  used  early  for  a  white  wheat,  but  this  use 
apparently  has  been  discontinued.  The  earlier  names  under  which  the  wheat 
described  above  was  known  were  Black  Sea  and  Red  Cross.  The  name  Harvest 
Queen  is  claimed  by  E.  S.  Marshall,9  of  De  Soto,  Kans.,  to  have  been  applied 
to  the  variety  by  him.  He  selected  a  tall,  promising  stool  of  the  wheat  from 
some  other  variety  in  1895,  increased  it  in  1896,  and  named  it  in  1897.  Mr. 
Marshall  stated  that  he  selected  the  name  Harvest  Queen  because  he  thought 
he  had  a  better  wheat  than  Harvest  King,  which  was  then  being  widely  adver- 
tised by  the  J.  A.  Everitt  Seed  Co.,  of  Indianapolis,  Ind.  For  several  years  he 
and  his  father,  Conrad  Marshall,  continued  to  select  the  variety.  Most  of  the 
Harvest  Queen  grown  in  Johnson  County,   Kans.,  and  vicinity  apparently  is 

8  Interview  by  J.  A.  Clark,  S.  C.  Salmon,  and  C.  E.  Graves,  June  6,  1921. 
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PLATE  9 
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Leap  (^4)  and  Purkof  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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PLATE    10 


Harvest  Queen  (A)  and  Prosperity  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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PLATE    1  1 


Red  Russian  (^4)  and  Forward  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Plate  12 


Fulhio  (A)  and  Fultz  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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from  seed  originally  distributed  from  the  Marshall  farm.  Harvest  Queen  wheat 
was  advertised  and  distributed  by  the  Barteldes  Seed  Co.,  of  Lawrence,  Kans., 
and  by  the  J.  A.  Everitt  Seed  Co.,  of  Indianapolis,  Ind.  The  latter  firm  (88) 
claims  to  have  distributed  it  first  in  1896,  which  scarcely  could  be  possible  if 
Mr.  Marshall  is  correct  in  his  dates. 

Black  Sea  is  a  name  used  for  the  variety  in  Doniphan  County,  Kans.  An- 
other variety  known  by  this  name  was  an  important  winter  wheat  in  Wisconsin 
in  1849  (53,  p.  205).  This  name  also  has  long  been  used  in  the  United  States 
for  a  bearded  spring  wheat. 

Red  Cross  is  another  name  under  which  the  above-described  wheat  has  been 
grown  in  Illinois,  Indiana,  Iowa,  Kansas,  Michigan,  Missouri,  and  Nebraska. 
The  name  has  been  commonly  used  for  the  Harvest  Queen  variety  in  Missouri 
since  about  1897.  It  may  be  an  earlier  name  for  the  variety  than  Harvest 
Queen,  but  as  the  name  "  Red  Cross  "  has  been  applied  to  other  varieties  as 
well  as  to  Harvest  Queen,  the  latter  name  is  used  here. 

Distribution. — The  estimated  area  of  Harvest  Queen  decreased  from  1,007,600 
acres  in  1919  to  359,857  acres  in  1929.  This  latter  acreage  was  grown  in  10 
States,  as  shown  in  figure  24. 

Synonyms. — Black  Sea,  Canadian,  Cana- 
dian Fife,  Golden  Van,  Imported  Scotch, 
Italian  Wonder,  Kansas  Queen,  May  Queen, 
New  100,  Oregon  Red,  Prairie  Queen,  Prize- 
taker,  Red  Cross,  Salzer's  Prizetaker,  Vir- 
ginia Reel,  Winter  Queen. 

PROSPERITY 

Description. — Plant  winter  habit,  midsea- 
son,  mid-tall ;  stem  glaucous  when  green, 
white,  strong,  coarse ;  spike  awnleted,  linear- 
oblong,  broad,  mid-dense,  nodding;  glumes 
glabrous,  white,  mid-long,  wide ;  shoulders 
wide,  oblique  to  square;  beaks  wide,  obtuse, 
1  mm  long;  awnlets  few,  3  to  10  mm  long; 
kernels  red,  mid-long,  soft,  ovate,  germ  mid- 
sized ;  crease  wide,  deep ;  cheeks  angular ; 
brush  mid-sized,  mid-long. 

This  variety  is  marked  by  its  broad,  nodding  spike  and  the  very  glaucous 
appearance  of  the  entire  plant  while  immature.  Plate  10,  B,  shows  spikes, 
glumes,  and  kernels  of  this  variety. 

History. — Prosperity  (reg.  no.  40)  was  originated  by  A.  N.  Jones,  of  Newark, 
Wayne  County,  N.Y.  Mr.  Jones  first  called  it  No.  8,  but  later  named  it  Ameri- 
can Bronze.10  It  was  first  advertised  and  distributed  in  1890  by  Peter  Hen- 
derson &  Co.,  seedsmen,  of  New  York  City,  and  was  said  by  them  to  be  the 
result  of  a  cross  between  Martin  and  Fultz  (110).  The  name  "Prosperity" 
came  into  use  for  the  variety  about  1895  (19).  The  origin  of  the  name  is 
undetermined,  but  the  variety  is  now  grown  more  widely  as  Prosperity  than 
as  American  Bronze,  and  as  the  former  is  a  more  desirable  name  it  is  here 
used. 

Distribution. — The  distribution  of  Prosperity  decreased  from  46,000  acres  in 
1919  to  4,275  acres  in  1929,  grown  in  Indiana,  Missouri,  Ohio,  and  Pennsyl- 
vania. 

Synonyms. — American  Bronze,  Dutch,  Hundred  Mark,  International  No.  8, 
Invincible,  Michigan  Red,  No  Name,  No.  8,  Red  Victory,  Silver  Chaff, 
Twentieth  Century,  Zinn's  Golden. 


Figure  24. — Distribution  of  Harvest 
Queen  wheat  in  1929.  Estimated 
area,  359,857  acres. 


FORWARD 


Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  mid- 
strong;  spike  awnleted,  oblong-fusiform,  mid-dense,  inclined;  glumes  glabrous, 
white,  mid-long,  mid-wide;  shoulders  oblique  to  square;  beaks  wide,  obtuse, 
0.2  mm  long ;  awnlets  few,  5  to  15  mm  long,  sometimes  incurved ;  kernels  red, 
mid-long,  soft,  elliptical ;  germ  mid-sized ;  crease  mid-wide,  deep ;  cheeks 
angular ;  brush  mid-sized,  mid-long.  Spikes,  glumes,  and  kernels  of  Forward 
are  shown  in  plate  11,  B. 


10  Printed  letterheads  of  Mr.  Jones. 
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Forward  differs  from  Prosperity  in  being  earlier  and  in  having  shorter 
beaks  and  longer  awnlets,  sometimes  incurved. 

History. — Forward  (reg.  no.  41)  was  originated  by  the  department  of  plant 
breeding  of  the  Cornell  University  Agricultural  Experiment  Station,  Ithaca, 
N.Y.,  in  cooperation  with  the  Division  of  Cereal  Crops  and  Diseases,  Bureau 
of  Plant  Industry,  United  States  Department  of  Agriculture.  During  the 
experimental  stages  it  was  known  as  Cornell  Selection  123-32.  Concerning  the 
variety,  Doctor  Love,  who  was  in  charge  of  the  cooperative  experiments  at 
Cornell,  wrote  as  follows  :  " 

"  The  Forward  is  a  white  chaff,  beardless,  red-kerneled  wheat  selected  out 
of  a  commercial  lot  of  Fulcaster  and  under  test  has  proved  to  be  winter  hardy 
and  a  good  yielder.  It  has  outyielded  Fulcaster  and  bids  fair  to  be  one  of 
our  best  red-kerneled  sorts." 

Forward  is  very  different  from  Fulcaster  from  which  it  was  selected  and 
may  have  been  a  mixture  or  the  result  of  a  natural  cross. 

Forward  was  first  distributed  for  commercial  growing  in  New  York  in  the 
fall  of  1920. 

Distribution. — The  estimated  area  of  Forward  in  1924  was  4,987  acres  and 
in  1929,  155,172  acres,  grown  in  7  States,  as  shown  in  figure  25. 


Figure  25. — Distribution  of 
Forward  wheat  in  1929. 
Estimated  area,  155.172 
acres. 


BED  RUSSIAN 

Description. — Plant  winter  habit,  late,  tall ;  stem 
white,  coarse,  strong ;  spike  awnleted,  clavate, 
dense,  erect  to  inclined ;  glumes  glabrous,  white, 
mid-long,  wide;  shoulders  mid- wide,  oblique  to 
square;  keel  incurved  above;  beaks  wide,  obtuse, 
1  mm  long ;  awnlets  few,  1  to  10  mm  long ;  kernels 
red,  mid-long,  soft,  ovate,  sometimes  broadly  ovate ; 
germ  small  to  mid-sized ;  crease  wide,  deep ; 
cheeks  usually  rounded ;  brush  mid-sized,  mid-long 
to  long. 

Spikes,  glumes,  and  kernels  of  Red  Russian  are 
shown  in  plate  11,  A. 

History. — Red  Russian  (reg.  no.  43)  undoubtedly 
is  of  English  origin  and  is,  or  is  derived  from,  the 
old  Squarehead  wheat.  The  origin  of  the  variety, 
however,  is  undetermined.  The  name  "  Red  Russian  "  seems  to  be  used  for  the 
variety  only  in  the  Pacific  Northwest  section  of  the  United  States.  The 
variety  was  introduced  into  the  Palouse  section  of  Washington  about  1890 
and  has  always  been  best  known  there  under  the  name  "  Red  Russian  "  (93, 
p.  5).  Because  of  lack  of  winter  hardiness,  susceptibility  to  bunt,  and  poor 
grain  quality,  the  acreage  of  Red  Russian  is  decreasing  and  being  replaced 
by  Albit  and  Hybrid  128. 

Distribution. — The  estimated  area  of  Red  Russian  decreased  from  154.900 
acres  in  1919  to  57,653  acres  in  1929.  The  latter  acreage  was  in  Idaho, 
Washington,  and  Oregon  and  is  shown  in  figure  26. 

Synonyms. — Australian  Club,  Early  Sunrise,  German 
Red,  Montana  Deal,  Red  Walla,  Squarehead. 

SOL 

Description. — Sol  differs  only  slightly  from  Red  Russion, 
but  has  a  slightly  less  clavate  spike  and  longer  and 
wider  leaf  blades,  which  are  of  a  darker  green 
shade. 

History. — Sol  (reg  no.  44)  was  originated  at  the  Svalof 
Plant-Breeding  Station,  Svalof,  Sweden,  and  is  said  to 
have  been  derived  from  natural  crossing,  the  parents 
probably  being  Swedish  Island  and  English  Stand-Up 
(8//,  p.  13).     It  was  first  put  on  the  market  by  the  Svalof 

Seed-Breeding  Association  in  1911.  In  the  United  States  the  variety  was  dis- 
tributed as  Sun  by  Charles  H.  Lilly  &  Co.,  seedsmen,  of  Seattle,  Wash.  This  is 
the  English  translation  of  the  Swedish  name  "  Sol "  and  is  sometimes  used  for 
the  variety. 


Figure  26. — Distribu- 
tion of  Red  Rus- 
sian *  heat  in  1U29. 
Estimated  area, 
57.653  acres. 


11  Correspondence  of  the  Division  of  Cereal  Crops  and  Diseases  dated  Mar.  19,  1921. 
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Distribution. — Estimated    acreage   in   1929,   1,067   acres,   grown   in   western 
Washington  and  western  Oregon. 
Synonym. — Sun. 

FULHIO 

Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  purple,  mid- 
strong  ;  spike  awnleted,  fusiform,  mid-dense,  inclined ;  glumes  glabrous,  white, 
mid-long,  mid-wide ;  shoulders  mid-wide,  round  to  square ;  beaks  mid-wide, 
obtuse,  0.5  mm  long;  awnlets  few,  5  to  15  mm  long;  kernels  red,  mid-sized, 
soft,  elliptical ;  germ  mid-sized ;  crease  mid-wide,  mid-deep ;  cheeks  angular ; 
brush  mid-sized,  mid-long.  Spikes,  glumes,  and  kernels  of  Fulhio  are  shown 
in  plate  12,  A. 

History. — Fulhio  (reg.  no.  231)  was  developed  at  the  Ohio  Agricultural  Ex- 
periment Station  (206)  from  a  plant  selected  from  Fultz.  The  selection  was 
made  at  Wooster,  Ohio,  in  1912,  by  C.  G.  Williams.  The  variety  has  been 
commercially  grown  in  Ohio  since  1920.  It  was  first  distributed  as  Ohio  No.  127 
and  later  named  "Fulhio."  It  was  registered  (58)  as  an  improved  variety  in 
1926.  Its  superior  characters  are  high  yield,  good  tillering  capacity,  winter 
hardiness,  fairly  stiff  straw,  and  somewhat  greater  resistance  to  loose  smut 
than  Fultz. 

Distribution. — The  estimated  area  of  Fulhio  was  82,201  acres  in  1924.  It 
increased  to  254,086  acres  in  1929  in  eight  States,  as  shown  in  figure  27. 

Synonym. — Ohio  No.  127. 

FULTZ 

Description. — Plant  winter  habit,  midseason,  mid- 
tall;  stem  purple,  mid-strong;  spike  awnleted,  oblong- 
fusiform,  mid-dense,  inclined  to  nodding;  glumes  gla- 
brous, white,  mid-long,  mid-wide;  shoulders  mid- 
wide,  oblique  to  square,  beaks  narrow  to  mid-wide, 
obtuse,  0.5  mm  long;  awnlets  few,  3  to  15  mm  long; 
kernels  pale  red,  usually  short,  ovate ;  germ  mid-sized ; 
crease  usually  mid-wide,  shallow  to  mid-deep;  cheeks 
rounded  to  angular ;  brush  mid-sized,  mid-long. 
Spikes,  glumes,  and  kernels  of  this  wheat  are  shown 
in  plate  12,  B. 

Fultz  does  not  appear  pure  for  winter  habit  of 
growth,   as  some  plants  in   it  will   head  from   early 

spring  seeding,  while  selections  from  it  such  as  Ashland  and  Trumbull  are 
uniform  for  winter  habit. 

History. — The  origin  of  Fultz  (reg.  no.  48)  wheat  has  been  recorded  by 
Carleton    (52,  pp.  199-200),  as  follows: 

"  In  1862,  in  Mifflin  County,  Pa.,  Abraham  Fultz,  while  passing  through  a 
field  of  Lancaster  wheat,  which  is  an  awned  variety,  found  three  spikes  of 
awnless  wheat.  He  sowed  the  seed  from  these  spikes  the  same  year  and  con- 
tinued sowing  a  larger  amount  each  year  until  he  obtained  sufficient  seed  to 
distribute  it  pretty  well  over  the  country.  It  soon  became  a  well-marked  and 
popular  variety  called  Fultz,  from  the  name  of  the  breeder.  In  1871  the  United 
States  Department  of  Agriculture  distributed  200  bushels  of  the  wheat  for 
seed." 

Distribution. — Fultz  was  grown  on  about  4,801,100  acres  in  1919,  but  de- 
creased to  1,446,830  acres  in  1929,  when  it  was  grown  in  22  States,  as  shown  in 
figure  28. 

Synonyms. — Ber  Ban,  Bluestem,  Bluestem  Fultz,  Economy,  Everitt's  High 
Grade,  Grains  o'  Gold,  Halver,  Hickman,  High  Grade,  Improved  English,  Im- 
proved Fultz,  Jersey  Fultz,  Little  Red  Jersey,  McKennon,  New  Economy,  Nixon, 
Perpetuated  Fultz,  Roosevelt,  Rust  Proof,  Shamrock,  Slickhead.  Tennessee 
Fultz,  Tipton  Red,  Winter  Pearl. 

TRUMBULL 


Figure  27. — Distribution 
of  Fulhio  wheat  in 
1929.  Estimated  area, 
254,086  acres. 


Description. — Trumbull  differs  from  Fultz  in  being  pure  for  winter  habit; 
it  is  taller  and  later,  and  has  stronger  and  less  purple  stems  and  more  erect 
spikes.     Spikes,  glumes,  and  kernels  of  Trumbull  are  shown  in  plate  13,  A. 

History. — Trumbull  (reg.  no.  50)  was  developed  at  the  Ohio  Agricultural 
Experiment  Station,  Wooster,  Ohio,  from  a  plant  selected  from  Fultz.     The 
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selection  was  grown  at  the  Ohio  Agricultural  Experiment  Station  as  early  as 
1908.  After  8  years  of  experiments  with  the  variety  at  Wooster,  C.  G.  Williams 
wrote  as  follows  regarding  it: 

"  The  other  new  introduction  is  the  Trumbull,  a  pure-line  selection  of  the 
Fultz.  Wherever  the  Fultz  wheat  is  found  satisfactory,  the  Trumbull  should 
succeed.  It  may  be  expected  to  yield  2  to  4  bushels  per  acre  more  than  the 
Fultz.  It  possesses  the  quality  of  all  pure  lines — greater  uniformity  than 
the  bulk  seed,  is  fair  in  bread  making,  and  among  the  good  ones  in  stiffness 
of  straw"  (231,  p.  466). 

Beginning  about  1919  the  acreage  of  Trumbull  increased  rapidly,  replacing 
Fultz. 

Distribution. — The   estimated   area    of   Trumbull   was   1,900   acres   in   1919. 

This  was  increased  to 
902,699  acres  in  1929, 
when  it  was  grown  in 
8  States,  as  shown  in 
figure  29. 
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Pigdee  29. — Distribution  of 
Trumbull  wheat  in  1929. 
Estimated  area,  902,699 
acres. 


ASHLAND 


Figure  28. — Distribution  of   Fultz  wheat  in   1929. 
mated  area,  1,446,830  acres. 


Esti- 


Description. — Accord- 
ing to  the  Kentucky 
Agricultural  Experiment 
Station  (24),  "Ashland 
is  very  similar  in  char- 
acter to  ordinary  Fultz. 
It  has  the  good  milling 
qualities  of  Fultz,  and 
in  addition  yields  better, 

with  better  straw,   and  is  fairly   resistant  to   scab  and   other   diseases."     It 

resembles  Trumbull  in  winter  habit. 

History. — Ashland   (reg.  no.  49)   was  developed  from  a  plant  selected  from 

Fultz  at  the  Kentucky  Agricultural  Experiment  Station,  Lexington,  Ky.,  and 

was  distributed  to  farmers  in  1919  and  1920. 
Distribution. — The  estimated  area  of  Ashland  was  2,415  acres  in  1924.     By 

1929  it  had  increased  to  8,753  acres,  all  in  Kentucky. 


FULTZO-MEDITERRANEAN 


Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  purple,  strong; 
spike  awnleted,  clavate,  dense,  erect,  easily  shattered;  glumes  glabrous,  white, 
mid-long,  mid-wide ;  shoulders  wanting  to  narrow,  oblique ;  beaks  wide,  obtuse, 
1  mm  long;  awnlets  several,  1  to  10  mm  long;  kernels  red,  short  to  mid-long, 
soft,  ovate;  germ  mid-sized;  crease  narrow  to  mid-wide,  shallow  to  mid-deep; 
cheeks  usually  rounded ;  brush  mid-sized,  mid-long. 

Fultzo-Mediterranean  is  very  distinct  from  Fultz  in  having  very  strong 
stems  and  erect,  dense,  clavate  spikes. 

Spikes,  glumes,  and  kernels  are  shown  in  plate  13,  B. 

History. — The  origin  of  Fultzo-Mediterranean  (reg.  no.  51)  is  not  definitely 
known.  Many  synonyms  are  used  for  the  variety,  one  of  which  may  be  the 
original  name.  The  variety  was  first  distributed  as  Fultzo-Mediterranean  by 
Everitt's  O.  K.  Seed  Store,  Indianapolis,  Ind.,  in  1898.    The  variety  was  evi- 
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PLATE    13 


Trumbull  04)  and  Fultzo-Mediterranean  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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PLATE    14 


Flint  (A)  and  Purplestraw  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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dently  named  by  that  firm,  and  it  is  claimed  by  them  to  have  originated  from 
a  eross  between  Fultz  and  Mediterranean.  The  following  statement  concerning 
its  origin  was  made  in  their  catalog  in  1899  (88,  p.  8)  : 

"  Married. — Two  Noble  Old  Families  Joined  in  Wedlock — Mr.  Fultz  to  Miss 
Mediterranean.  Their  first-born  is  well  named,  Fultzo-Mediterranean,  and  is  a 
worthy  offspring  from  Noble  Stock." 

Fultzo-Mediterranean  shows  no  indication  of  having  been  derived  from  Medi- 
terranean, although  it  has  many  of  the  characters  of  Fultz.  Neither  of  the 
alleged  parents  has  the  clavate  spike  of  the  Fultzo-Mediterranean.  The  names 
Columbia  and  New  Columbia  are  known  to  be  old  names  for  the  variety.  In 
fact,  the  latter  name  was  used  for  the  variety  by  Everitt  in  the  same  year  he 
first  distributed  it  as  Fultzo-Mediterranean  and  evidently  also  before  that  time, 
as  the  following  quotation  is  from  the  same  catalog  as  the  quotation  given 
above : 

"An  Illinois  production  and  first  made  public  the  year  of  the  great  World's 
Fair.  Too  much  cannot  be  said  in  its  praise  for  hardiness,  vigorous  growth, 
and  productiveness.  In  short,  it  has  great  merit  and  is  entitled  to  be  called 
our  national  wheat,  as  it  bears  our  national  name.  Smooth  head,  white  chaff, 
plump  red  grains.    Wherever  sown  it  makes  friends"  (88,  p.  11). 

Distribution. — The  estimated  acreage  of  Fultzo-Mediterranean  decreased  from 
305,900  acres  in  1919  to  41,037  acres  in  1929.  The  latter  acreage  was  in  Illinois, 
Indiana,  Iowa,  Kansas,  Kentucky,  Maryland,  Missouri,  North  Carolina,  Ohio, 
Pennsylvania,  Tennessee,   and   Virginia. 

Synonyms. — Burrhead,  Club,  Club  Head,  Columbia,  Double  Head,  Duck  Bill, 
Early  Ontario,  Economy,  Farmers  Pride,  Flat  Top,  Four-Row  Fultz,  Harper, 
New  Columbia,  Scott's  Squarehead,  Square  Head,  Square  Top,  Stub  Head. 

REDHART 

Description. — Plant  spring  intermediate  habit,  midseason,  mid-tall ;  stem 
white,  strong ;  spike  awnleted,  fusiform,  mid-dense,  erect  to  inclined ;  glumes 
glabrous,  white,  mid-long  to  long,  narrow  to  mid-wide ;  shoulders  narrow,  want- 
ing to  oblique ;  beaks  narrow,  obtuse,  1  mm  long ;  awnlets  several,  5  to  20  mm 
long ;  kernels  red,  mid-long,  soft,  elliptical ;  germ  mid-sized ;  crease  mid-wide, 
deep;  cheeks  angular;  brush  mid-sized,  mid-long. 

This  variety  is  fairly  hardy  and  is  grown  from  fall  seeding. 

History. — Redhart  was  selected  from  the  southern  Flint  or  Red  May  wheat 
by  Coker's  Pedigreed  Seed  Co.,  Hartsville,  S.C. 

Distribution. — The  estimated  area  in  1929  was  2,310  acres,  all  in  North 
Carolina. 

KINNEY 

Description. — Plant  spring  intermediate  habit,  late,  mid-tall;  stem  very 
glaucous  before  maturity,  white,  strong ;  spike  awnleted,  oblong,  mid-dense,  erect 
to  inclined ;  glumes  glabrous,  white,  mid-long,  wide ;  shoulders  mid-wide,  oblique 
to  square;  beaks  wide,  acute,  1  mm  long;  awnlets  several,  3  to  12  mm  long; 
kernels  red,  usually  short,  soft,  broadly  ovate,  humped ;  germ  mid-sized ;  crease 
mid-wide  to  wide,  shallow  to  mid-deep;  cheeks  usually  angular;  brush  mid- 
sized, mid-long. 

This  variety  is  distinct  from  most  others  in  being  very  glaucous  during  its 
growing  period.  It  is  a  hardy  spring  wheat  and  is  grown  from  both  fall  and 
spring  seeding  in  the  Willamette  Valley  of  Oregon. 

History. — According  to  H.  Barendrick,  of  the  Albina  Fuel  Co.,  Portland,  Oreg., 
Kinney  (reg.  no.  52)  wheat  was  introduced  into  the  Willamette  Valley  of 
Oregon  from  France  in  the  late  sixties  or  early  seventies  by  Albert  Kinney,  son 
of  Robert  Kinney,  who  operated  a  flour  mill  in  that  section.  Albert  Kinney 
was  selling  flour  for  his  father  in  France,  and  introduced  the  wheat,  which 
later  became  known  as  "  Kinney  ",  because  he  thought  that  it  would  be  a  better 
milling  wheat  than  the  varieties  then  grown  in  the  Willamette  Valley.  This  did 
not  prove  to  be  the  case,  however,  and  many  people  found  fault  with  the  miller 
later  when  the  wheat  was  found  to  be  of  rather  inferior  milling  quality  and 
brought  a  slightly  lower  price  than  White  Winter,  the  variety  most  commonly 
grown.     Nothing  is  known  concerning  the  French  name  for  the  Kinney  variety. 

Distribution. — Estimated  area  in  1929,  9,865  acres,  grown  in  western  Oregon. 

Synonyms. — Noah  Island,  Odessa,  Surprise. 
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OAKLEY 

Description. — Plant  winter  intermediate  habit,  early,  mid-tall;  stem  faintly 
purple,  mid-strong ;  spike  awnleted,  fusiform,  mid-dense,  erect ;  glumes  glabrous, 
white,  mid-long,  mid-wide;  shoulders  mid-wide,  oblique  to  square;  beaks  wide, 
obtuse,  0.5  mm  long ;  awnlets  few,  2  to  15  mm  long ;  kernels  red,  mid-long,  soft, 
ovate ;  germ  mid-sized ;  crease  mid-wide,  mid-deep ;  cheeks  rounded  to  angular ; 
brush  mid-sized,  mid-long. 

Oakley  differs  from  Fultz  in  having  an  intermediate  habit,  in  being  earlier, 
and  in  having  a  more  erect  spike. 

History. — The  origin  of  Oakley  (reg.  no.  45)  is  undetermined.  The  variety 
was  grown  by  the  Kentucky  Agricultural  Experiment  Station  as  early  as  1891 
(95,  p.  112).  It  was  reported  to  have  been  in  high  favor  in  Kentucky  in  the 
late  nineties  and  always  rated  well  by  millers. 

Distribution. — Estimated  area  in  1929,  485  acres,  all  in  North  Carolina. 

Synonyms. — Early  Oakley,  Extra  Early  Oakley,  Neverfail,  Norwood. 

PURPLE  STRAW 


Description. — Plant  spring  intermediate  habit,  early,  mid-tall;  stem  purple, 
mid-strong;  spike  awnleted,  fusiform,  mid-dense,  inclined  to  nodding;  glumes 
glabrous,  white,  short  to  mid-long,  mid-wide ;  shoulders  narrow  to  mid-wide, 
oblique  to  square ;  beaks  wide,  obtuse,  0.5  to  1  mm  long ;  awnlets  several,  3  to 

10  mm  long;  kernels  red,  short  to  mid- 
long,  soft,  ovate  or  sometimes  nearly 
oval ;  germ  mid-sized ;  crease  mid-wide, 
shallow  to  mid-deep;  cheeks  usually 
rounded ;  brush  small  to  mid-sized,  mid- 
long. 

This  variety  is  fairly  hardy  and  has 
been  grown  from  fall  sowing  in  the 
Southeastern  States  for  many  years. 
Its  principal  advantage  over  other  varie- 
ties in  that  section  is  its  early  matur- 
ity, which  in  part  is  due  to  its  spring 
intermediate  habit.  Plate  14,  B,  shows 
spikes,  glumes,  and  kernels  of  this 
variety. 

History. — The  origin   of  Purplestraw 
(reg.    no.    53)    wheat    is   undetermined. 
It  is,  however,  one  of  the  earlier  varie- 
ties of  wheat  grown  in  the  United  States.     Concerning  its  early  culture,  the 
following  information  has  been  recorded  by  Edmund  Ruffin : 

"  From  1822  to  the  present  time  the  same  kind  of  wheat  has  been  cultivated, 
first  known  as  Mountain  Purplestraw  and  more  lately  designated  Early  Purple- 
straw  "  {113,  p.  103). 

It  has  been  an  important  wheat  in  the  southeastern  United  States  for  more 
than  100  years. 

Distribution. — The  estimated  area  of  Purplestraw  decreased  from  273,810 
acres  in  1919  to  150,014  acres  in  1929.  This  acreage  was  grown  in  10  States, 
as  shown  in  figure  30. 

Synonyms. — Alabama  Bluestem,  Bluestem,  Early  Purplestraw,  Georgia  Blue- 
stem,  Georgia  Red,  Mountain  Purplestraw,  Ripley. 
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Figure  30. — Distribution  of  Purplestraw 
wheat  in  1929.  Estimated  area,  150,- 
014  acres. 


GASTA 


Description. — Gasta  is  similar  to  Purplestraw  except  in  being  later  and  hav- 
ing a  more  winter  habit  of  growth.  It  is  a  higher  yielding  wheat  and  more 
resistant  to  loose  smut  than  Purplestraw  at  Experiment,  Ga. 

History.— According  to  Bledsoe  (38),  Gasta  (reg.  no.  268)  was  developed 
from  a  head  selected  from  Purplestraw  at  the  Georgia  Agricultural  Experiment 
Station,  Experiment,  Ga.  The  selection  was  made  in  1921  and  was  first  distrib- 
uted for  commercial  growing  in  1931.  It  was  registered  (56)  as  an  improved 
variety  in  1931  because  of  its  .higher  yields  and  greater  resistance  to  loose 
smut  as  compared  with  Purplestraw. 

Distribution. — Grown  in  Georgia  since  1931. 
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FLINT    (RED   MAY) 

Description. — Plant  winter  intermediate  habit,  early  to  midseason,  mid-tall; 
stem  purple,  mid-strong;  spike  awnleted,  oblong,  dense,  erect;  glumes  gla- 
brous, white,  mid-long,  mid-wide;  shoulders  narrow,  oblique  to  square;  beaks 
mid-wide,  obtuse,  0.5  to  1  mm  long;  awnlets  few,  2  to  40  mm  long*;  kernels 
pale  red,  short  to  mid-long,  soft,  ovate;  germ  small;  crease  mid-wide,  mid- 
deep  ;  cheeks  angular  to  rounded ;  brush  mid-sized,  mid-long. 

Flint  differs  from  Fultz  in  having  an  intermediate  habit,  in  being  slightly 
earlier  and  shorter  and  in  having  more  erect  and  oblong  spikes,  longer  glumes, 
narrower  shoulders,  and  longer  awnlets.  Spikes,  glumes,,  and  kernels  of  Flint 
wheat  aro  shown  in  plate  14,  A. 

Historj. — The  origin  of  Flint  (reg.  no.  47)  wheat  is  undetermined.  It  is 
known  to  be  an  old  wheat  of  the  eastern  United  States.  The  early  names  for 
the  variety  and  the  literature  concerning  them  are  very  confusing.  A  White 
Flint,  claimed  to  have  been  introduced  from  Spain  in  1814  (103,  p.  217), 
which  became  widely  grown  in  the  Eastern  States  from  1830  to  1850,  was 
described  by  Harmon  as  awnless,  with  white  glumes  and  hard  white  kernels. 
There  seems  to  be  no  winter  wheat  of  that  description  now  grown,  and  the 
Flint  wheat  now  in  cultivation  un- 
doubtedly has  red  kernels,  as  described 
above,  and  is  similar  to  wTheat  known 
as  Little  Red  May,  Early  May,  and 
Rappahannock.  These  are  all  old 
names  in  American  wheat  literature. 
Little  Red  May  is  listed  by  Killebrew 
(132,  p.  56)  as  a  variety  of  the  above 
description  which  "  was  brought  into 
Tennessee  by  Joseph  Jacobs  from  Mis- 
souri, no  doubt  having  been  taken  there 
from  Kentucky  or  Virginia.  It  had,  FlGURE  si.-Distribution  0f  Flint  wheat 
however,  improved  by  its  visit,  and  is  in  1929.  Estimated  area,  65,233 
a  very  prolific  and,  in  some  sections,  a  acres, 
very     popular     variety."       The    names 

Little  Red  May,  Little  Red,  Little  May,  May,  and  Red  May  are  still  in  use  for 
this  variety. 

Early  May  was  listed  as  a  variety  grown  in  Iowa  as  early  as  1852  (86, 
p.  341)  which  later  became  an  Important  variety  in  that  State  (78,  p.  518). 
At  least  some  of  the  wheat  now  grown  under  that  name  is  Flint.  The  same 
is  true  for  Rappahannock,  which  also  is  now  used  as  synonymous  with  Red 
May  and  in  1875  was  recorded  as  synonymous  with  Michigan  Amber  (7). 
Much  of  the  Flint  wheat   now  grown  is  known  as  "  Red  May." 

Distribution. — Estimated  area  in  1929,  65,233  acres,  grown  in  6  States,  as 
shown  in  figure  31. 

Synonyms. — Early  May,  Little  May,  Little  Red,  Little  Red  May,  May, 
Rappahannock,  Red  Davie,  Red  May. 

HUSTON 

DescHplion. — Plant  spring  habit,  early  to  midseason,  mid-tall ;  stem  faintly 
purple,  mid-strong;  spike  awnleted,  oblong,  dense,  erect,  easily  shattered; 
glumes  glabrous,  white,  mid-long,  mid-wide;  shoulders  wanting  to  narrow, 
oblique;  beaks  narrow,  obtuse,  1  to  1.5  mm  long;  awnlets  several,  3  to  10 
mm  long;  kernels  red,  short,  soft  to  semihard,  broadly  ovate;  germ  mid-sized; 
crease  mid-wide,  shallow  to  mid-deep,  usually  pitted;  cheeks  rounded;  brush 
small,  mid-long,  sometimes  collared. 

This  is  one  of  the  few  soft  red  spring-wheat  varieties  grown  in  the  United 
States. 

History. — According  to  S.  L.  Williams,  of  the  Eugene  Mill  &  Elevator  Co., 
Jttugene,  Oreg.,  Huston  (reg.  no.  54)  was  introduced  in  the  vicinity  of  Eugene 
in  1876  by  a  Mr.  Belshaw,  who  obtained  a  sample  of  the  wheat  at  the  Cen- 
tennial Exposition,  where  it  was  on  exhibition  as  Bulgarian  Red  Spring.  He 
sowed  the  few  kernels  in  his  garden  and  in  this  way  obtained  sufficient  seed 
to  sow  5  acres.  His  land  was  low  and  heavy,  however,  and  the  wheat  did  not 
prove  satisfactory,  so  he  gave  the  seed  to  a  Mr.  Huston  living  16  miles  west 
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on  the  hill  lands,  who  grew  it  with  splendid  success  and  the  wheat  cam©  to  be 
known  as  Huston. 

Distribution. — Estimated  area  in  1929,  6,626  acres  grown  in  Clackamas,  Lane, 
Linn,  and  Polk  Counties,  Oreg. 

Synonyms. — Bulgarian,  Early  Wonder,  Grass,  Little  Red,  Ninety-Day,  Red 
Spring,  Swamp. 

ALTON     (GHIBKA    WINTER) 

Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  mid- 
strong  ;  spike  awnleted,  fusiform,  mid-dense,  inclined ;  glumes  glabrous,  white, 
mid-long,  mid-wide;  shoulders  mid-wide,  oblique  to  square;  beaks  wide,  acute, 
1  mm  long ;  awnlets  few,  3  to  10  mm  long ;  kernels  red,  short  to  mid-long,  hard, 
ovate ;  germ  very  small ;  crease  narrow  to  mid-wide,  shallow ;  cheeks  rounded ; 
brush  mid-sized,  mid-long. 

This  variety  usually  yields  somewhat  less  than  Turkey,  and  its  breadmaking 
value  is  also  slightly  less. 

History. — Alton  (reg.  no.  55)  was  introduced  by  the  United  States  Depart- 
ment of  Agriculture  (215)  as  Ghirka  Winter  in  December  1900  from  Altonau, 
near  Melitopol  in  northern  Taurida,  Russia  (F.P.I.  5637).  It  was  one  of  a 
large  number  of  wheat  varieties  introduced  by  M.  A.  Carleton,  Department 
cerealist,  who  went  to  Russia  and  Siberia  in  1898  and  again  in  1900  for  the 
purpose  of  obtaining  cereal  varieties. 

This  variety  proved  best  adapted  in  Colorado.  The  name  Alton  was  sub- 
stituted for  Ghirka  Winter  to  avoid  confusion  with  the  variety  of  spring 
wheat  known  as  Ghirka  Spring.  The  name  Alton  is  derived  from  Altonau,  the 
original  source  of  the  seed. 

Distribution. — Estimated  area  in  1929,  19,287  acres,  grown  in  Colorado,  Kan- 
sas, and  Oklahoma. 

Synonym. — Ghirka  Winter. 

NEW  TURK 

Description. — Newturk  is  similar  to  Alton  except  for  being  more  glaucous 
and  in  having  slightly  longer  awnlets  and  shorter  kernels.  It  is  high  yielding, 
more  resistant  to  shattering  than  Turkey,  and  equal  in  quality  for  breadmaking. 
Spikes,  glumes,  and  kernels  are  shown  in  plate  15,  A. 

History. — Newturk  (reg.  no.  245)  was  developed  in  cooperative  experi- 
ments of  the  Division  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry, 
United  States  Department  of  Agriculture,  and  the  Oregon  and  Montana  Agricul- 
tural Experiment  Stations.  It  is  the  result  of  a  cross  between  Newton  (a  selec- 
tion of  Alton)  and  Turkey,  made  in  1916  at  Moro,  Oreg.  Selections  of  this 
cross,  made  by  J.  A.  Clark,  were  sent  to  the  Judith  Basin  Branch  Station, 
Moccasin,  Mont.,  in  1920.  One  of  these  selections  (166B-1-6)  proved  most 
promising  and  was  named  Newturk.  Seed  of  the  Newturk  variety  was  dis- 
tributed for  commercial  growing  in  1926  when  it  was  registered  (58)  as  an 
improved  variety.  Its  superior  characters  are  good  yield  and  quality  and 
resistance  to  shattering. 

Distribution. — Estimated  area  in  1929,  12,390  acres,  grown  in  Montana. 

Synonym. — Beardless  Turkey. 


Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  mid- 
strong;  spike  awnleted,  fusiform,  mid-dense,  inclined;  glumes  glabrous,  white, 
mid-long,  narrow  to  mid-wide;  shoulders  mid-wide,  oblique  to  square;  beaks 
mid-wide,  acute,  1  mm  long ;  awnlets  few,  3  to  12  mm  long ;  kernels  red,  mid- 
long,  hard,  elliptical ;  germ  mid-sized ;  crease  mid-wide,  mid-deep ;  cheeks  angu- 
lar ;  brush  mid-sized,  mid-long.  Spikes,  glumes,  and  kernels  of  Ridit  are  shown 
in  plate  15,  B. 

History. — Ridit  (reg.  no.  248)  was  developed  from  a  cross  between  Turkey 
and  Florence  made  by  E.  F.  Gaines  at  the  Washington  Agricultural  Experiment 
Station,  Pullman,  Wash.  The  cross  was  made  in  1915,  and  a  selection  made 
in  1919  resulted  in  the  Ridit  variety.  It  was  first  distributed  for  commercial 
growing  in  Washington  in  1923.  It  was  registered  (58)  as  an  improved  variety 
in  1926.  The  superior  characters  are  resistance  to  many  forms  of  bunt  and 
to  shattering. 
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Distribution. — Estimated  area  in  1929,  166,411  acres,  grown  in  Washington, 
Idaho,  and  Oregon,  as  shown  in  figure  32.  The  Washington  Agricultural  Experi- 
ment Station  has  estimated  that  200,000  acres  were  grown  in  1933. 


Figure  32. — Distribu- 
tion of  Ridit  wheat 
in  1929.  Estimated 
area,  166,411  acres. 


MICHIKOP 

Description. — Plant  winter  habit,  midseason,  mid-tall; 
stem  white,  mid-strong;  spike  awnleted,  oblong,  dense, 
erect  to  inclined  ;  glumes  glabrous,  white,  short,  mid-wide ; 
shoulders  mid-wide,  square  to  elevated ;  beaks  mid-wide, 
acute,  0.5  mm  long;  awnlets  several,  3  to  12  mm  long; 
kernels  red,  short,  hard,  ovate  with  truncate  tip ;  germ 
mid-sized  ;  crease  mid-wide,  mid-deep ;  cheeks  rounding ; 
brush  mid-sized,  mid-long.  Spikes,  glumes,  and  kernels 
of  Michikof  are  shown  in  plate  16,  A. 

History.— Michikof  (reg.  no.  233)  was  developed  (228) 
at  the  Purdue  University  Agricultural  Experiment  Station 

from  a  cross  made  in  1912  between  Michigan  Amber  and  Malakof.  The  final 
selection  was  made  in  1915,  and  the  variety  has  been  commercially  grown  since 
about  1920.  It  was  registered  (58)  as  an  improved  variety  in  1926,  its  superior 
characters  being  high  yield,  winter  hardiness,  and  a  hard,  glutinous  kernel  of 
high  test  weight,  producing  flour  of  superior  quality  for  bread-making  purposes. 

Distribution. — The  estimated  area  of  Michikof  increased  from  52,550  acres 
in  1924  to  139,107  acres  in  1929.     It  is  grown  mostly  in  Indiana  and  Illinois,  as 

shown  in  figure  33. 

MOSIDA 

Description. — Plant  winter  habit, 
midseason,  short  to  mid-tall;  stem 
white,  strong;  spike  awnleted,  ob- 
long, dense,  erect,  easily  shattered; 
glumes  glabrous,  white,  mid-long  to 
long,  narrow  to  mid-wide ;  shoulders 
narrow,  oblique  to  square;  beaks 
broad,  obtuse,  1  mm  long;  awnlets 
several,  5  to  25  mm  long;  kernels 
red,  mid-long,  semihard  to  hard; 
germ  mid-sized;  crease  wide,  mid- 
deep  ;  cheeks  rounded ;  brush  mid- 
sized, mid-long.  Spikes,  glumes,  and 
kernels  of  Mosida  are  shown  in 
plate  16,  B. 
History. — Mosida  (reg.  no.  247)  was  produced  from  a  cross  made  at  the 
Colorado  Agricultural  Experiment  Station  between  Fultzo-Mediterranean  and 
Turkey  in  1916.  The  crossed  material  was  taken  to  the  Idaho  Agricultural 
Experiment  Station,  Moscow,  Idaho,  where  the  selection  that  is  flow  called 
Mosida  was  made  in  1918.  It  was  distributed  for  commercial  growing  in 
northern  Idaho  in  1924  and  registered  (58)  as  an  improved  variety  in  1926. 
Its  superior  characters  are  good  strength  of  straw  and  high  yield.  This  variety 
is  well  adapted  to  the  cut-over  lands  of  northern  Idaho,  but  is  not  adapted  in 
areas  where  shattering  is  apt  to  occur. 

Distribution. — Estimated   area   in   1929,   12,392   acres,   grown   in   Idaho  ana 
Oregon. 

BED  BOBS 


Figure   33. — Distribution   of  Michikof  wheat 
in  1929.     Estimated  area,  139,107  acres. 


Description. — Plant  spring  habit,  early,  mid-tall;  stem  white,  mid-strong  to 
strong;  spike  awnless,  fusiform,  mid-dense,  erect;  glumes  glabrous,  white  to 
yellowish,  mid-long,  mid-wide;  shoulders  wide,  oblique  to  square;  beaks  wide, 
acute,  0.5  mm  long,  sometimes  nearly  wanting ;  apical  awnlets  usually  wanting ; 
kernels  red,  usually  short,  hard,  oval  to  ovate,  with  truncate  tip ;  germ  mid- 
sized; crease  mid-wide  to  wide,  mid-deep  to  deep;  cheeks  angular;  brush  mid- 
sized, short. 

This  variety  has  several  types  of  plants.  In  the  northern  spring-wheat  sec- 
tions of  the  United  States  Red  Bobs  has  proved  very  susceptible  to  stem  rust. 
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History. — Red  Bobs  (reg.  no.  56)  was  originated  from  a  head  selection  made 
in  a  field  of  Bobs  wheat  by  Seager  Wheeler  in  1910  at  Maple  Grove  Farm,  Ros- 
thern,  Saskatchewan,  Canada.  It  was  distributed  for  the  first  time  in  1918  and 
its  history  was  recorded  the  following  year  by  Mr.  Burns  in  the  National 
Alfalfa  Journal  (47).  A  fuller  history  of  this  variety  has  been  recorded  by 
Buller  (44,  pp.  253-275).  It  is  evidently  the  result  of  a  natural  field  hybrid 
between  Bobs  and  a  red-kerneled  variety.  Early  Triumph,  a  selection  made 
from  Red  Bobs  by  Seager  Wheeler  at  Rosthern,  Saskatchewan,  is  grown  to  a 
limited  extent  in  the  Pacific  Northwest,  but  as  it  is  very  similar  to  Red  Bobs 
it  is  here  considered  as  a  synonym. 

Distribution. — Estimated  area  in  1929,  16,608  acres,  grown  in  Montana,  Idaho, 
Washington,  Wyoming,  Colorado,  and  North  Dakota. 

Synonym. — Early  Triumph. 

SUPREME 

Description. — Supreme  differs  from  Red  Bobs  in  being  taller  and  slightly 
later,  in  having  lighter  green  leaves  and  stems  when  young,  and  in  being  more 
uniform.     Spikes,  glumes,  and  kernels  of  Supreme  are  shown  in  plate  17,  A. 

History. — Supreme  (reg.  no.  257)  is  a  selection 
from  Red  Bobs  made  by  Seager  Wheeler  at  Rosthern, 
Saskatchewan,  Canada.  The  variety  has  been  grown 
commercially  in  Canada  since  1922  and  in  Montana 
since  1924,  seed  having  been  obtained  by  the  Montana 
Agricultural  Experiment  Station,  Bozeman,  Mont.,  in 
March  1922.  It  was  registered  in  1927  (63)  as  an 
improved  variety  because  it  outyielded  Marquis  in 
Montana,  is  4  to  7  days  earlier,  and  has  stronger 
stems.  The  bread-making  properties  of  Supreme 
are  equal  to  those  of  Marquis,  although  the  protein 
content  usually  is  less. 
Distribution. — Estimated  area  in  1929,  299,840  acres,  grown  in  Montana  and 
North  Dakota,  as  shown  in  figure  34. 


Figure  34. — Distribution 
of  Supreme  wheat  in 
1929.  Estimated  area, 
299,840  acres. 


GARNET 

Description. — Plant  spring  habit,  early,  short  to  mid-tall ;  stem  white, 
slender,  weak  to  mid-strong;  spike  awnleted,  fusiform,  mid-dense  to  lax,  in- 
clined, easily  shattered ;  glumes  glabrous,  white,  long,  narrow ;  shoulders  want- 
ing to  rounded ;  beaks  narrow,  acute,  1  mm  long ;  awnlets  several,  3  to  15  mm 
long;  kernels  red,  short  to  mid-long,  hard,  elliptical;  germ  large;  crease  nar- 
row, mid-wide ;  cheeks  rounded ;  brush  small,  mid-long. 

Garnet  is  resistant  to  bunt.  Partly  because  of  its  early  maturity,  it  is  not  a 
high  yielding  variety  in  the  United  States,  and  the  quality  of  the  grain  is  not 
equal  to  that  of  Marquis. 

History. — Garnet  (reg.  no.  260)  was  originated  from  a  cross  made  at  Central 
Experimental  Farm,  Ottawa,  Canada,  in  1905,  by  C.  E.  Saunders  and  was 
distributed  for  commercial  production  in  the  Prairie  Provinces  of  Canada  in 
the  spring  of  1926. 

It  was  registered  (63)  in  1928  because  of  its  early  maturity,  good  yield,  and 
strength  of  straw. 

The  parentage  of  Garnet  has  been  recorded  by  Newman  and  Whiteside  (154) 
as  follows : 


Ladoga        1888        Red  Fife 

I 
Preston 

Preston  A 

I 


1905 


Onega        1891         Gehun 

I 
Early  Riga 

RigaM 


I 
Garnet 

Garnet  was  first  grown  at  experiment  stations  in  the  United  States  In  1925 
and  was  first  introduced  from  Canada  by  commercial  growers  in  about  1928. 

Distribution—  Estimated  area  in  1929,  8,958  acres,  grown  in  North  Dakota 
and  South  Dakota. 
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Plate  15 


Newturk  (^4)  and  Ridit  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Plate  16 


Michikof  (A)  and  Mosida  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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PLATE    17 


ft 


I 


I 


B 


Supreme  (^4)  and  Marquillo  (B)  wheats;  Spikes  and  glumes  natural  size;  kernels  X3. 
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Plate  1; 


Marquis  (^4)  and  Red  Fife  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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MARQUILLO 

Description. — Plant  spring  habit,  early  to  midseason,  short  to  mid-tall;  stem 
white,  mid-strong  to  strong ;  spike  awnleted,  fusiform,  mid-dense,  erect ;  glumes 
glabrous,  white,  sometimes  showing  streaks  of  brown  or  black,  mid-long,  mid- 
wide  ;  shoulders  mid-wide,  rounded  to  elevated ;  beaks  broad,  acute,  1  to  1.5  mm 
long ;  awnlets  many,  5  to  25  mm  long ;  kernels  red,  mid-long  to  long,  hard, 
ovate ;  germ  large ;  crease  mid-deep ;  cheeks  angular ;  brush  mid-large,  mid-long, 
collared. 

Marquillo  is  resistant  to  stem  rust.  The  grain  produces  a  yellowish  flour 
and  in  that  respect  is  undesirable.  The  variety,  as  shown  by  Powers  (163  )t 
is  not  entirely  stable.  Spikes,  glumes,  and  kernels  of  Marquillo  are  shown  in 
plate  17,  B. 

History. — Marquillo  (reg.  no.  237)  was  produced  in  cooperative  experi- 
ments between  the  Minnesota  Agricultural  Experiment  Station  and  the  Divi- 
sion of  Cereal  Crops  and  Diseases,  United  States  Department  of  Agriculture, 
at  University  Farm,  St.  Paul,  Minn.  It  is  the  result  of  a  cross  between 
Marquis  and  lumillo  durum  made  in  1914.  The  selection  11-15-41,  later 
named  Marquillo,  was  made  in  1918  and  was  first  distributed  in  1928.  It  was 
registered  in  1926  (58)  because  it  is  slightly  earlier  than  Marquis  and  mod- 
erately resistant  to  stem  rust,  has  stronger  stems,  and  under  Minnesota  condi- 
tions gives  higher  yields. 

Distribution. — Estimated  area  in  1929,  10,150  acres,  grown  in  Minnesota  and 
South  Dakota. 

Synonym. — Minnesota  No.  2202. 

MAEQUIS 

Description. — Plant  spring  habit,  early  to  midseason,  mid-tall;  stem  white, 
mid-strong ;  spike  awnleted,  fusiform,  dense,  erect  to  inclined ;  glumes  glabrous, 
white  to  yellowish,  short,  wide ;  shoulders  mid-wide  to  wide,  usually  square ; 
beaks  wide,  acute,  0.5  mm  long;  awnlets  few,  1  to  10  mm  long;  kernels  red, 
short,  hard,  ovate,  with  truncate  tip;  germ  mid-sized;  crease  wide,  deep; 
cheeks  angular ;  brush  mid-sized,  mid-long. 

This  is  a  high-yielding  variety.  It  is  one  of  the  best  varieties  for  milling 
and  breadinaking.     Spikes,  glumes,  and  kernels  are  shown  in  plate  18,  A. 

History. — Marquis  (reg.  no.  57)  is  of  hybrid  origin,  having  been  originated 
by  the  cerealists  of  the  Dominion  Department  of  Agriculture  at  the  Central 
Experimental  Farm,  Ottawa,  Canada.  The  crossing  that  resulted  in  Marquis 
was  done  under  the  direction  of  William  Saunders,  but  the  credit  is  due  C.  E. 
Saunders  for  selecting,  naming,  testing,  and  distributing  the  variety.  He  has 
given  an  account  of  its  origin  in  the  following  words  (119,  pp.  118-120)  : 

"All  the  details  in  regard  to  the  origin  of  Marquis  are  not  available,  but  it  is 
one  of  the  descendants  of  a  cross  between  an  early-ripening  Indian  wheat, 
Hard  Red  Calcutta  (as  female)  and  Red  Fife  (as  male).  The  cross  *  *  * 
was  made  by  Dr.  A.  P.  Saunders,  probably  at  the  experimental  farm  at  Agassiz, 
in  the  year  1892.  The  crossbred  seeds,  or  their  progeny,  were  transferred  to 
Ottawa,  and  when  the  writer  of  this  report  was  appointed  in  1903  to  take  charge 
of  the  work  of  cereal  breeding  he  made  a  series  of  selections  from  the  progeny 
of  all  the  crossbred  wheats  which  had  been  produced  at  Ottawa  up  to  that  time. 
Some  of  these  had  been  named  and  others  were  under  numbers.  Though  they 
had  all  been  subjected  to  a  certain  amount  of  selection,  each  of  them  consisted 
of  a  mixture  of  related  types.  In  some  cases  all  the  types  present  were 
similar.  In  other  instances  striking  differences  were  observed.  The  grain 
which  had  descended  from  the  cross  referred  to  above  was  found  by  careful 
study  of  individual  plants  (especially  by  applying  the  chewing  test  to  ascertain 
the  gluten  strength  and  probable  bread-making  value)  to  be  a  mixture  of 
similar  looking  varieties  which  differed  radically  in  regard  to  gluten  quality. 
One  of  the  varieties  isolated  from  this  mixture  was  subsequently  named  Mar- 
quis. Its  high  bread-making  strength  and  color  of  flour  were  demonstrated 
in  the  tests  made  at  Ottawa  in  the  early  months  of  1907,  and  all  the  surplus 
seed  was  at  once  sent  to  the  Indian  Head  Experimental  Farm  for  propagation. 

"  It  will  be  clearly  seen  from  the  above  account  that  the  question,  '  when 
was  Marquis  wheat  originated?  '  can  never  be  answered.  It  came  into  existence 
probably  at  Ottawa  between  the  years  1895  and  1902.  It  remained,  however, 
mixed  with  other  related  sorts  until  discovered  by  the  writer  in  1903.  It  was 
first  grown  in  a  pure  state  in  1904,  when  a  few  seeds  were  sown  in  a  sheltered 
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garden  on  the  Central  Experimental  Farm.  Even  then,  however,  its  fine 
qualities  were  only  partly  known,  and  it  was  not  until  the  cerealist's  baking 
tests  of  1907  were  completed  that  he  decided  to  send  out  this  wheat  for  trial 
in  Saskatchewan.     Its  success  in  the  prairie  country  was  phenomenal." 

Marquis  wheat  was  first  sent  to  the  Prairie  Provinces  of  Canada  in  1907, 
where  it  was  thoroughly  tested  at  experiment  stations.  At  Indian  Head  and 
Rosthern,  Saskatchewan,  and  at  Brandon,  Manitoba,  it  very  significantly  out- 
yielded  all  other  varieties.  By  1911  the  variety  had  become  commercially 
established  in  Canada. 

Attention  was  first  attracted  to  Marquis  wheat  in  the  United  States  through 
its  having  won  premiums  at  several  expositions.  Seed  was  introduced  by  the 
United  States  Department  of  Agriculture  in  1912  and  1913,  and  the  variety  was 
thoroughly  tested  at  numerous  experiment  stations  in  the  spring-wheat  sec- 
tions. These  and  other  experiments,  reported  by  Ball  and  Clark  (33,  34), 
proved  the  variety  to  be  widely  adapted.  In  the  meantime,  in  consequence  of 
much  publicity,  a  strong  demand  for  seed  arose.    A  considerable  quantity  was 


Figure  35. — Distribution  of  Marquis  wheat  in  1929.     Estimated  area,  11,786,590  acres. 

brought  into  the  country  for  sowing  in  1913.  Much  larger  quantities  were 
imported  in  1914.  The  importations  of  these  2  years,  with  the  seed  home  grown 
in  1913,  were  sufficient  to  sow  about  half  a  million  acres  in  1914.  Most  of  the 
imported  seed  was  sold  in  Minnesota,  North  Dakota,  and  Montana.  Smaller 
quantities  were  sold  in  other  spring-wheat  States.  In  this  way  the  Marquis 
variety  became  widely  distributed  in  a  very  short  time.  In  1919,  only  7  years 
after  its  introduction,  it  made  up  at  least  60  percent,  or  nearly  12,000,000  acres, 
of  the  total  spring-wheat  acreage  of  the  United  States.  For  more  than  15 
years  it  has  been  the  most  extensively  grown  spring  wheat. 

Distribution. — Estimated  area  in  1929,  11,786,590  acres,  grown  in  26  States, 
as  shown  in  figure  35. 

POWER 


Description. — Power  is  slightly  shorter  and  has  a  more  erect  spike  than  Red 
Fife,  and  the  kernels  are  slightly  shorter. 

History. — Power  (reg.  no.  59)  was  originated  by  James  Holes,  of  Fargo,  N. 
Dak.,  from  a  single  plant  of  Red  Fife  wheat  found  growing  in  an  oat  field  about 
1885  (32,  p.  11).  Some  of  this  seed  was  obtained  by  J.  B.  Power,  of  Power, 
N.Dak.,  who  increased  it  and  distributed  it  in  large  quantities  under  the  name 
of  Power  Fife.  This  strain  was  grown  by  the  North  Dakota  Agricultural 
Experiment  Station  and  known  as  "  Station  No.  66."  A  number  of  plant  selec- 
tions were  made  from  it  at  the  North  Dakota  Agricultural  Experiment  Station 
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in  1892,  One  of  these,  known  as  "North  Dakota  No.  313"  (CI.  3697),  has 
been  called  Power  and  is  the  strain  now  most  commonly  grown.  In  experi- 
ments at  the  Williston  Substation,  Williston,  N.Dak.,  it  proved  to  be  a  high- 
yielding  wheat  for  that  section  and  seed  was  increased  and  distributed  in  the 
vicinity  of  that  station  about  1915. 

Distribution. — Estimated  area  in  1929,  20,160  acres,  grown  in  North  Dakota. 

Synonyms. — Power's  Fife,  Station  No.  66. 

BED    FIFE 

Description. — Plant  spring  habit,  midseason  to  late,  tall;  stem  white,  mid- 
strong  ;  spike  awnleted,  fusiform,  mid-dense  to  lax,  erect  to  inclined ;  glumes 
glabrous,  white,  mid-long,  mid-wide ;  shoulders  mid-wide,  oblique  to  square ; 
beaks  narrow,  acute,  0.5  to  1  mm  long ;  awnlets  few,  2  to  15  mm  long ;  kernels 
red,  short  to  mid-long,  hard,  ovate ;  germ  mid-sized ;  crease  wide,  deep ;  cheeks 
angular;  brush  mid-sized,  mid-long. 

This  variety  differs  from  Marquis  in  being  taller  and  later,  with  kernels 
slightly  longer  and  more  pointed.  It  is  only  a  fair-yielding  wheat  but  has 
excellent  milling  and  breadmaking  properties.  Spikes,  glumes,  and  kernels  of 
Red  Fife  wheat  are  shown  in  plate  18,  B. 

History. — Red  Fife  (reg.  no.  58)  wheat  was  introduced  into  the  United 
States  from  Galicia,  by  way  of  Germany,  Scotland,  and  Canada.  Several  con- 
flicting stories  of  its  introduction  have  been  written.  The  most  authentic 
story  is  that,  about  1842,  David  Fife,  of  Otonabee,  Ontario,  Canada,  received 
a  small  sample  of  wheat  from  a  friend  in  Glasgow,  Scotland.  The  friend 
had  obtained  the  sample  from  a  shipload  of  wheat  from  the  port  of  Danzig 
in  Germany,  but  supposedly  of  Russian  origin.  Mr.  Fife  sowed  the  wheat  in 
the  spring,  but  it  proved  to  be  a  winter  wheat.  A  plant  of  spring  wheat 
developed,  however,  which  was  saved  and  increased.  From  it  descended  the 
wheat  that  became  known  as  "  Red  Fife "  throughout  Canada.  The  details 
of  this  introduction  and  several  interesting  traditions  concerning  it  have  been 
fully  recorded  by  Buller  (44,  pp.  206-218).  That  the  original  seed  of  Red 
Fife  wheat  probably  came  from  Galicia  has  been  established  by  two  other 
identical  introductions,  one  by  the  Canadian  Department  of  Agriculture  in 
1904  (178,  pp.  216-217)  and  another  (CI.  2463)  by  the  United  States  Depart- 
ment of  Agriculture  in  the  same  year  (32,  p.  11). 

The  cultivation  of  Red  Fife  wheat  in  the  United  States  dates  from  1860, 
when  J.  W.  Clarke,  a  Wisconsin  farmer,  had  an  excellent  crop  (6*6").  The 
name  Red  Fife  was  never  commonly  adopted,  the  word  "Fife"  being  the  name 
most  often  used.  As  the  wheat  increased  in  popularity  and  cultivation,  other 
names  became  applied  to  it. 

Many  growers  selected  and  distributed  the  Red  Fife  wheat  and  usually 
prefixed  their  own  name  to  the  name  Fife.  Among  these  are  the  following: 
Bernard  Fife,  Herman  Fife,  McKendry  Fife,  McKissiek  Fife,  Pillsbury  Fife,  Ver- 
don  Fife,  and  Wilcox  Fife.  Wheats  once  known  under  these  names  have  long 
since  disappeared  from  culture.  The  names  Fife  and  Scotch  Fife  were  early 
used  for  Red  Fife  wheat  in  the  United  States  and  have  continued  in  use  until 
the  present  time. 

Distribution. — The  area  of  Red  Fife  decreased  from  749,600  acres  in  1919 
to  175,008  acres  in  1924  and  to  28,101  acres  in  1929.  In  the  latter  year  it 
was  reported  in  Colorado,  Iowa,  Minnesota.  Montana,  Nebraska,  North  Dakota, 
South  Dakota,  Utah,  and  Wyoming. 

Synonyms. — Canadian  Fife,  Fife,   Saskatchewan  Fife,  Scotch  Fife. 

GLYNDON 

Description. — Plant  spring  habit,  midseason  to  late,  tall ;  stem  white,  mid- 
strong;  spike  awnleted,  fusiform,  lax,  inclined;  glumes  glabrous,  white,  mid- 
long,  mid- wide;  shoulders  mid-wide,  oblique  to  square;  beaks  narrow,  acute,  0.5 
to  1  mm  long ;  awnlets  several,  3  to  15  mm  long ;  kernels  red,  mid-long,  hard, 
ovate ;  germ  mid-sized ;  crease  wide,  deep ;  cheeks  angular ;  brush  mid-sized, 
mid-long. 

Glyndon  differs  from  Red  Fife  and  Power  principally  in  having  longer  and 
laxer  spikes. 

History. — The  Glyndon  (reg.  no.  60)  strain  of  Fife  wheat  dates  from  about 
1891,  when  it  was  first  grown  by  the  Minnesota  Agricultural  Experiment  Sta- 
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tion  at  the  Glyndon  farm  in  Clay  County  in  western  Minnesota.  In  the  burp- 
ing of  the  station  buildings  at  University  Farm  all  records  of  its  origin  were 
lost.  Without  doubt,  however,  it  is  one  of  the  many  samples  of  Red  Fife 
wheat  obtained  from  Minnesota  farmers  in  1888  and  1889.  In  1892  the  im- 
provement of  eight  of  the  best  varieties  of  wheat  that  had  been  selected 
by  the  Minnesota  station  was  begun  by  continuous  selection  by  the  late  W.  M. 
Hays,  then  at  the  North  Dakota  Agricultural  Experiment  Station.  Four 
hundred  selected  kernels  of  the  eight  varieties  that  had  been  grown  at 
Glyndon  in  the  previous  year  were  sown  at  Fargo,  N.Dak.,  and  a  like  num- 
ber on  the  farm  belonging  to  J.  B.  Power  &  Sons,  of  Power,  Richland  County, 
N.Dak.  From  the  400  selected  kernels,  31  plants  having  the  largest  yield  and 
of  superior  quality  were  chosen  for  seed  the  next  season.  In  1893,  100  to  400 
kernels  from  each  of  these  31  plants  were  sown  at  Fargo  in  a  manner 
similar  to  the  method  used  in  1892.  The  best  plant  was  chosen  from  the 
progeny  of  each  of  these  31  plants.  One  of  them  was  accessioned  as  Min- 
nesota No.  163.  This  .selection,  with  many  others,  was  sown  at  University 
Farm,  St.  Paul,  Minn.,  in  1894,  in  a  small  plot.  In  1895  and  1896,  31  strains 
were  tested  at  University  Farm,  and  8  were  selected  and  grown  at  other 
stations.  Among  them  was  Minnesota  No.  163.  After  further  testing,  this 
strain  was  selected  as  the  best  of  the  Fife  types  and  seed  was  increased  and 
distributed  to  farmers  in  1898  (109,  p.  105).  It  was  first  distributed  as 
Minnesota  No.  163,  but  in  1915  the  name  Glyndon  was  assigned  to  it  by  the 
Minnesota  station. 

Distribution. — Estimated  area  in  1919,  2,000  acres  and  in  1924,  430  acres, 
grown  in  Minnesota,  North  Dakota,  and  South  Dakota.  It  was  formerly 
grown  mostly  in  Minnesota,  where  it  was  once  an  important  wheat.  In 
recent  years  it  has  almost  disappeared  from  cultivation. 

Synonym. — Minnesota  No.  163. 

RENFREW 

Description. — Plant  spring  habit,  midseason  to  late,  tall;  stem  white,  mid- 
strong  to  strong ;  spike  awnleted,  oblong-fusiform ;  mid-dense,  erect ;  glumes 
glabrous,  white,  mid-long,  wide;  shoulders  wide,  square;  beaks  broad,  obtuse, 
0.5  to  0.7  mm  long ;  awnlets  few,  3  to  12  mm  long ;  kernels  red,  mid-long,  hard, 
ovate;  germ  mid-sized;  crease  mid-wide  to  wide,  mid-deep;  cheeks  angular; 
brush  mid-sized,  large,  mid-long. 

History. — According  to  Newman,12  Renfrew  was  discovered  in  1918  growing 
in  an  increase  block  of  Marquis  wheat  at  the  University  of  Alberta.  G.  H. 
Cutler,  who  made  the  selection,  regarded  it  as  a  natural  cross,  stating  that 
**  it  appeared  to  be  a  cross  between  Marquis  and  Red  Fife."  It  was  tested  in 
1924,  1925,  and  1926  by  all  the  experiment  stations  in  Alberta,  and  since  1924 
has  been  grown  by  a  large  number  of  farmers  in  the  southern  part  of  Alberta. 
The  variety  was  first  grown  experimentally  in  the  United  States  in  1926  by  the 
Montana  Agricultural  Experiment  Station. 

Distribution. — Estimated  area  in  1929,  5,713  acres  in  Montana.  In  Alberta 
it  is  grown  on  a  limited  area  in  the  southeastern  part  of  the  Province. 


Description. — Plant  spring  habit,  early  to  midseason,  mid-tall;  leaves  pubes- 
cent ;  stem  glaucous  when  immature,  usually  purple,  sometimes  only  faintly  so, 
mid-strong;  spike  awnleted,  linear-fusiform,  mid-dense,  inclined  to  nodding; 
glumes  glabrous,  white,  long,  narrow;  shoulders  wanting  to  narrow,  oblique; 
beaks  narrow,  acute,  1  mm  long;  awnlets  few,  1  to  10  mm  long;  kernels  pale 
red,  mid-long,  semihard,  ovate  to  elliptical,  slightly  humped,  acute ;  germ  small 
to  mid-sized ;  crease  mid-wide  to  wide,  mid-deep  to  deep ;  cheeks  usually 
angular;  brush  small,  mid-long. 

This  variety  differs  from  the  true  Fife  strains  in  having  a  longer  and  more 
tapering  spike  and  larger  and  softer  kernels.  It  is  inferior  to  Fife  strains 
for  milling  and  bread  making. 

History. — Ghirka  (reg.  no.  64)  was  an  important  variety  in  Russia,  grown 
principally  in  southern  Russia  and  the  Volga  River  district.  It  was  introduced 
into  the  United  States  several  times  during  the  period  from  1898  to  1904,  inclu- 


13 Letter   from   L,   H.   Newman,   Central  Experimental   Farm,   Ottawa,    Canada,  dated 
Jan.  30,  1934. 
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sive,  eight  lots  having  been  imported  by  the  United  States  Department  of  Agri- 
culture. Other  importations  were  made  by  Russian  immigrants.  Joseph 
Dukart,  who  settled  at  New  England,  N.Dak.,  brought  a  2-pound  lot  from 
Russia  in  1905.  From  the  increase  of  this,  several  thousand  acres  were  grown 
in  western  North  Dakota  from  1914  to  1916  (55,  p.  2). 

Distribution. — Estimated  area  in  1929,  930  acres,  grown  in  Pierce  County, 
N.Dak. 

Synonyms. — Early  Russian,  Ghirka  Spring,  Russian,  Russian  Fife. 


Description. — Plant  spring  habit,  early,  short  to  mid-tall;  stem  purple,  mid- 
strong  ;  spike  awnleted,  oblong-fusiform,  dense,  erect ;  glumes  glabrous,  yellow- 
ish white,   short,  mid-wide ;   shoulders  wide,   oblique  to  square ;   beaks  wide, 
obtuse,    0.5    to    1    mm 
long;  awnlets  several,  3 
to  10  mm  long;  kernels 
red,  short,  hard,  ovate; 
germ  mid-sized  to  large ; 
crease  mid-wide  to  wide, 
shallow  to  deep;  cheeks 
angular ;      brush      mid- 
sized, short. 

Ruby  differs  from 
Marquis  principally  in 
being  about  5  days  ear- 
lier and  in  having  purple 
straw.  In  the  United 
States  it  has  not  com- 
pared favorably  with 
Marquis  in  yield  but  has 
equal  breadmaking  value. 

History. — Ruby  (reg.  no.  65)  was  originated  by  C.  E.  Saunders,  former 
Dominion  cerealist,  at  the  Central  Experimental  Farm,  Ottawa,  Canada,  and 
was  distributed  for  the  first  time  in  1917.  The  parentage  of  Ruby  has  been 
recorded  by  Buller  {44,  p.  186)  as  follows: 

Gehun  (f)  X  Onega  (m) W.  T.  Macoun,  1891. 

I I 


Figure   36. — Distribution   of   Ruby   wheat   in    1929.      Esti- 
mated area,   180,476  acres. 


I 


Downy  Riga  (f)  X  Red  Fife  (m) C.  E.  Saunders,   1905. 


Ruby 

Ruby  has  been  grown  at  experiment  stations  in  the  northern  spring-wheat 
sections  of  the  United  States  since  1918  and  commercially  since  1920. 

Distribution. — Estimated  area  in  1929,  186,476  acres,  grown  in  10  States,  as 
shown  in  figure  36. 

Synonyms. — Disco,  Golden. 

KITCHENER 


Description. — Plant  spring  habit,  midseason,  mid-tall  to  tall;  stem  purple, 
strong ;  spike  awnleted,  oblong  to  subclavate,  mid-dense,  erect ;  glumes  glabrous, 
yellowish  white,  short,  wide,  shoulders  mid-wide,  oblique  to  square;  beaks 
mid-wide,  acute,  0.5  mm  long ;  awnlets  few,  3  to  10  mm  long ;  kernels  red,  short, 
hard,  ovate,  with  truncate  tips ;  germ  mid-sized ;  crease  wide,  mid-deep ;  cheeks 
angular;  brush  mid-sized,  mid-long. 

Kitchener  differs  from  Marquis  in  being  taller  and  later  and  in  having  a 
broader  spike,  purple  straw,  and  a  slightly  longer  and  more  rectangular  kernel, 

History. — Kitchener  (reg.  no.  66)  was  originated  from  a  head  selected  in  a 
field  of  Marquis  by  Seager  Wheeler  in  1911  at  Maple  Grove  Farm,  Rosthern, 
Saskatchewan,  Canada.  It  was  increased  and  tested  for  yield  by  Mr.  Wheeler 
for  a  period  of  4  or  5  years  and  then  distributed  (226). 

Distribution. — Estimated  area  in  1929,  4,148  acres,  grown  in  Colorado  and 
Montana. 
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CLIMAX 

Description. — Plant  winter  habit,  midseason  to  late,  tall;  stem  white,  mid- 
strong;  spike  awnleted,  linear-fusiform,  lax,  nodding;  glumes  glabrous,  white, 
mid-long  to  long,  mid-wide;  shoulders  wanting  to  narrow,  oblique;  beaks 
wide,  obtuse,  1  mm  long;  awnlets  several,  3  to  15  mm  long;  kernels  red,  mid- 
long  to  long,  soft,  elliptical  to  ovate;  germ  mid-sized;  crease  mid-wide,  mid- 
deep  ;  cheeks  usually  rounded ;  brush  mid-sized,  mid-long. 

Climax  is  very  distinct  because  of  its  long,  lax,  tapering,  and  nodding  spike. 

History. — The  origin  of  Climax  (reg.  no.  67)  is  not  definitely  determined.  It 
is  very  similar  to  the  Celebrated  K.  B.  No.  2  variety,  differing  only  in  having  a 
more  nodding  spike.  The  latter  wheat  was  distributed  by  the  Knight  &  Bost- 
wick  Seed  Co.,  Rochester,  N.Y.,  who  have  given  its  history  as  follows: 

"  During  the  summer  of  1898  we  discovered  growing  in  our  field  of  Long 
Berry  Clawson  *  *  *  a  single  head  of  wheat  that  showed  qualities  dis- 
tinctly superior  to  its  celebrated  parent.  *  *  *  We  sowed  it  in  our  trial 
grounds     *     *     *     called  it  our  Celebrated  K.  B.  No.  2  "  (123,  p.  90). 

Its  distribution  dates  from  1902,  although  it  apparently  did  not  become  widely 
grown.  This  or  a  very  similar  wheat  evidently  was  rather  recently  named 
Jones  Climax  and  distributed  by  Everitt's  O.  K.  Seed  Store,  Indianapolis,  Ind., 
and  the  commercial  distribution  of  the  variety  was  thus  established.  There 
seems  to  be  no  evidence  that  A.  N.  Jones,  of  New  York,  who  developed  several 
varieties  of  wheat,  had  anything  to  do  with  this  variety. 

Distribution. — Estimated  area  in  1929,  9,018  acres,  grown  in  Illinois,  Indiana, 
Kansas,  Ohio,  and  Pennsylvania. 

Synonyms. — Celebrated  K.  B.  No.  2,  Grecian,  Jones  Climax,  K.  B.  No.  2, 
Pennsylvania  Standard,  Wilson,  Wilson  Special. 

WHITE    ODESSA 

Description. — Plant  winter  habit,  late,  tall ;  stem  white,  weak  to  mid-strong ; 
spike  awnleted,  linear-fusiform,  lax,  inclined  to  nodding;  glumes  glabrous, 
brown,  long,  narrow;  shoulders  narrow,  wanting  to  oblique;  beaks  broad, 
triangular,  1  to  1.5  mm  long ;  awnlets  several,  5  to  25  mm  long ;  kernels  white, 
mid-long,  soft,  ovate ;  germ  mid-sized ;  crease  narrow,  mid-deep ;  cheeks  rounded ; 
brush  small,  short. 

White  Odessa  is  very  resistant  to  some  forms  of  bunt.  Some  strains  of  White 
Odessa  differ  somewhat  from  the  description  given  above,  which  is  for  C.I.  4655. 

History. — Wheats  similar  to  White  Odessa  commonly  appear  as  mixtures  in 
fields  of  Odessa  in  southern  Idaho  and  Utah.  The  strain  C.I.  4655  (reg.  no. 
251),  distributed  by  the  Idaho  Agricultural  Experiment  Station  in  southern 
Idaho  about  1928,  was  selected  by  the  Franklin  County  (Idaho)  agricultural 
agent,  Mr.  Morrison,  from  a  field  of  Loftliouse  wheat  near  Preston,  Idaho,  in 
1915.  It  was  registered  in  1926  (58)  after  being  tested  at  the  Sherman  County 
Branch  Station,  Moro,  Oreg.,  where  it  was  found  to  yield  well  and  to  be  resistant 
to  some  forms  of  bunt. 

Distribution. — Estimated  area  in  1929,  446  acres,  grown  in  Idaho  and  Lewis 
Counties,  Idaho. 

DAWSON 

Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  strong; 
spike  awnleted,  linear-oblong,  mid-dense,  inclined ;  glumes  glabrous,  light  brown, 
mid-long,  wide ;  shoulders  wide,  oblique  to  square ;  beaks  mid-wide,  obtuse, 
0.5  mm  long;  awnlets  several,  3  to  20  mm  long;  kernels  white,  short  to  mid- 
long,  soft,  ovate  to  oval;  germ  mid-sized  to  large;  crease  mid-wide  to  wide, 
mid-deep;  cheeks  usually  angular;  brush  mid-sized,  mid-long. 

Dawson  differs  from  Goldcoin  chiefly  in  having  white  straw,  an  oblong  spike, 
and  no  collar  around  the  brush.  This  variety  is  very  resistant  to  Hessian  fly. 
Spikes,  glumes,  and  kernels  of  Dawson  wheat  are  shown  in  plate  19,  A. 

History. — Dawson  (reg.  no.  69)  was  originated  in  1881  by  Robert  Dawson, 
of  Paris,  Ontario,  Canada  (193,  p.  8).  It  was  selected  "in  a  field  of  Seneca  or 
Clawson,  in  which  he  found  one  plant  quite  distinct  and  much  superior  to  the 
rest  of  the  crop.  Mr.  Dawson  sowed  the  grain  from  this  plant  and  has  con- 
tinued to  grow  this  wheat  since.  It  was  practically  unknown  over  Ontario  until 
tested  at  the  experimental  station  along  with  many  old  and  new  varieties  and 
the  comparative  results  published.  It  has  ranked  first  in  yield  from  the  begin- 
ning" (194,  P.  11). 


WHEAT   VARIETIES    GROWN    IN    THE    UNITED    STATES  75 

Distribution. — Estimated  area  in  1929,  42,578  acres,  grown  in  Connecticut, 
Michigan,  New  York,  and  New  Jersey. 

Synonyms. — American  Banner,  Dawson  Golden  Chaff,  Golden  Bronze,  Golden 
Chaff,  Improved  Amber,  White  Winter. 

HONOB 

Description. — Honor  apparently  is  identical  with  Dawson  in  all  morphological 
characters,  except  for  a  slightly  stronger  stem.  It  is  more  winter  hardy  and 
a  better  yielder. 

History. — Honor  (reg.  no.  70)  was  originated  by  the  plant-breeding  depart- 
ment of  the  Cornell  University  Agricultural  Experiment  Station,  in  coopera- 
tion with  the  Division  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry, 
United  States  Department  of  Agriculture.  During  the  experimental  stages  it 
was  known  as  Cornell  Selection  522-68.  Concerning  the  variety,  H.  H.  Love, 
who  was  in  charge  of  the  cooperative  experiments  at  Cornell,  wrote 13  as  follows : 

"  Honor  was  selected  from  Dawson's  Golden  Chaff  and  seems  to  be  a  typical 
Golden  Chaff  [Dawson].  I  think  it  is  slightly  more  winter  hardy  than  the 
commercial  variety  and  has  somewhat  stiffer  straw." 

The  selection  was  distributed  from  Cornell  University  to  selected  farmers  for 
several  years  prior  to  the  fall  of  1920,  when  it  was  first  offered  for  sale  as 
Honor  wheat  by  C.  A.  Rogers  {112) ,  of  Bergen,  N.Y. 

Distribution. — Estimated  area  in  1929,  17,368  acres,  all  grown  in  New  York. 

ARCO 

Description. — Plant  winter  habit,  early,  short ;  stem  white,  very  strong ;  spike 
awnless,  clavate,  dense,  erect;  glumes  glabrous,  brown,  short,  wide;  shoulders 
wide,  oblique  to  square;  beaks  broad,  obtuse,  0.5  mm  long;  awnlets  wanting; 
kernels  white,  short  to  mid-long,  semihard  to  hard,  oval;  germ  mid-sized; 
crease  wide,  deep ;  cheeks  angular ;  brush  large,  long. 

History. — Arco  resulted  from  a  cross  between  Arcadian  and  Hard  Federa- 
tion made  by  W.  S.  Carpenter  at  the  Sherman  County  Branch  Station,  Moro, 
Oreg.,  in  1919.  Selections  from  the  cross  were  purified  and  tested  at  that 
station.  Several  were  included  in  a  nursery  grown  in  cooperation  with  the 
county  agricultural  agent  at  Pendleton,  Oreg.,  during  the  years  1923  to  1928. 
At  a  meeting  of  farmers  held  at  the  nursery  in  1926  a  few  heads  of  the  wheat 
were  picked  for  examination.  These  heads,  later  identified  as  Arco,  were 
saved  by  A.  Pecavet,  a  farmer  living  near  Pilot  Rock,  Oreg.,  who  increased  the 
seed.  After  finding  the  variety  early  and  fairly  well  adapted  to  the  dry-land 
conditions  around  Pilot  Rock  he  distributed  seed.  Arco  was  also  distributed 
in  Morrow  County  by  the  Sherman  County  Branch  Station  in  1928. 

Distribution. — Grown  in  Morrow  County  and  in  the  southern  part  of  Uma- 
tilla County,  Oreg.,  since  1930. 

Synonym. — Pecavet. 

WINDSOR 

Description. — Plant  winter  habit,  midseason,  short  to  mid-tall;  stem  purple, 
mid-strong;  spike  awnleted,  oblong-fusiform,  mid-dense,  nodding;  glumes  gla- 
brous, brown,  mid-long,  mid-wide;  shoulders  wanting  to  narrow,  rounded  to 
oblique;  beaks  narrow,  obtuse,  0.5  mm  long;  awnlets  few,  5  to  15  mm  long; 
kernels  white,  mid-long,  soft,  broadly  ovate;  germ  mid-sized  to  large;  crease 
mid-wide,  shallow  to  mid-deep;  cheeks  usually  angular;  brush  small,  mid-long. 

Windsor  differs  from  Goldcoin  chiefly  in  having  an  oblong-fusiform,  nodding 
spike  and  a  more  erect  growth  from  spring  seeding. 

History. — The  origin  of  Windsor  (reg.  no.  73)  is  undetermined.  It  was 
grown  by  the  Ohio  Agricultural  Experiment  Station  as  early  as  1892  (229, 
p.  52). 

Distribution. — Estimated  area  in  1929,  1,070  acres,  in  Hillsdale  County,  Mich. 

Synonym. — Extra  Early  Windsor. 


Description. — Golden  differs  from  Goldcoin  in  being  slightly  later  and  in 
having  shorter  and  stronger  stems,  more  erect,  dense,  and  clavate  spikes.  It 
is  less  easily  shattered  and  is  much  more  uniform. 


» Correspondence  of  the  Division  of  Cereal  Crops  and  Diseases. 
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History. — Seventy-five  heads  were  selected  from  a  field  of  Goldcoin  on  the 
Sherman  County  Branch  Station,  Moro,  Oreg.,  in  1923.  After  several  years' 
tests  selection  no.  43,  with  kernels  very  similar  to  Goldcoin,  was  chosen  as 
the  best  of  the  group.  It  was  distributed  to  farmers  in  Union  County  and 
in  the  southern  part  of  Morrow  County  in  northeastern  Oregon  in  1930  and 
in  Latah  County,  Idaho,  in  1931. 

Distribution. — Grown  in  Oregon  and  Idaho  since  1930. 

GOLDCOIN    (FORTYFOLD) 

Description. — Plant  winter  habit,  midseason,  short  to  mid-tall;  stem  purple, 
strong;  spike  awnleted,  clavate,  mid-dense,  erect  to  inclined,  easily  shattered; 
glumes  glabrous,  brown,  long,  mid-wide ;  shoulders  mid-wide,  oblique  to  square ; 
beaks  wide,  obtuse,  1  mm  long;  awnlets  several,  5  to  15  mm  long;  kernels 
white,  short  to  mid-long,  soft,  ovate;  germ  mid-sized;  crease  mid-wide,  mid- 
deep;  cheeks  usually  rounded;  brush  small,  mid-long,  collared. 

The  distinctive  characters  of  Goldcoin  wheat  are  the  purple  straw,  clavate 
spike,  and  collared  brush.  Spikes,  glumes,  and  kernels  of  this  variety  are 
shown  in  plate  19,  B. 

History. — Goldcoin  (reg.  no.  74)  is  probably  a  descendant  from  the  Redchaff 
or  Redchaff  Bald  wheat  mentioned  in  early  agricultural  literature  as  being 
grown  in  the  Genesee  Valley  of  New  York,  as  early  as  1798.  The  following 
history  of  Redchaff  was  recorded  by  Allen  (28,  p.  153)  in  1885  : 

"  The  old  Genesee  Redchaff  is  a  bald,  white  wheat,  first  cultivated  in  the 
same  region  in  1798,  and  for  a  long  time  it  was  the  decided  favorite.  Since 
1820,  however,  it  has  been  very  subject  to  rust  and  blast,  but  when  circum- 
stances are  favorable  it  is  still  found  to  be  highly  productive.  Its  transfer 
to  other  localities  may  therefore  be  attended  with  great  success." 

Soules  is  an  early  name  applied  to  a  wheat  apparently  identical  with  Gold- 
coin.  The  following  statement  concerning  the  origin  of  Soules  was  recorded  by 
Harmon  (108,  p.  225)  in  1843: 

"  In  the  first  volume  of  the  New  Genesee  Farmer  (2)  this  new  wheat  was 
noticed  as  being  discovered,  or  a  few  heads  being  found,  in  a  field  of  White 
Flint  by  Jonathan  Soule,  of  Perrington,  Monroe  County." 

This  wheat  became  well  established  in  New  York  in  the  late  forties,  and 
by  1857,  according  to  Klippart  (133,  pp.  755-756),  was  an  important  variety  in 
Ohio.  About  1897  this  wheat  or  a  selection  from  it  became  known  as  "  New 
Soules."  Soules  and  White  Soules  were  reported  in  1919  from  Michigan, 
Clawson,  or  White  Clawson,  has  been  found  to  be  identical  with  Goldcoin,  but 
the  name,  also,  has  a  much  earlier  origin;  According  to  Carleton  (50,  p.  65), 
the  history  of  this  wheat  is  as  follows : 

"This  variety  originated  in  Seneca  County,  N.Y.,  in  1865,  through  the 
selection  of  certain  superior  heads  from  a  field  of  Fultz  by  Garrett  Clawson. 
On  planting  the  grain  from  these  heads,  both  a  white-  and  red-grained  sort 
resulted  the  following  season.  The  white  wheat  was  considered  the  best,  and 
the  pint  of  seed  obtained  of  this  sort  was  sown,  producing  39  pounds  the  fol- 
lowing season.  The  third  year  after  this  254  bushels  were  harvested  and 
that  season  the  variety  was  distributed  to  other  farmers.  In  1871  this 
variety  took  first  premium  at  the  Seneca  County  Fair,  and  in  1874  seed 
was  distributed  by  this  Department.  Though  judged  inferior  by  millers 
at  times,  this  variety  has  become  a  very  popular  one.  It  must  not  be  confused 
with  Early  Red  Clawson,  a  very  distinct  variety." 

The  Goldcoin  variety,  itself,  is  reported  by  Carleton  (50,  p.  66)  to  have  been 
produced  by  Ira  M.  Green,  at  Avon,  N.Y.,  about  1890,  in  the  following  manner : 

"  Mr.  Green  grew  a  field  of  Diehl  Mediterranean,  a  bearded,  red-grained 
wheat,  and  while  passing  through  the  field  one  day  found  a  bald  head  possessing 
white  grains.  Planting  every  grain  of  this  head,  he  found  as  a  result  next 
season  that  he  had  heads  with  very  long  beards,  some  with  short  beards,  and 
others  with  none  at  all.  The  grain  also  was  mixed,  some  red  and  some  white. 
He  desired  the  bald  wheat — hence  only  the  grains  from  the  bald  heads  were 
again  planted.  From  this  as  a  beginning,  a  practically  new  variety  resulted. 
Various  names  have  been  given  to  it  by  different  seedsmen,  but  it  is  best 
known  by  the  name  Gold  Coin." 

The  commercial  production  of  Goldcoin  wheat  dates  from  about  1900. 

Fortyfold  is  the  name  under  which  Goldcoin  was  distributed  by  Peter  Hender- 
son &  Co.  (110),  seedsmen,  of  New  York  City,  as  early  as  1899.    The  variety 
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Dawson  (^4)  and  Goldcoin  (£)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Federation  (^4)  and  Hard  Federation  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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is  grown  under  this  name  chiefly  in  California,  Oregon,  Washington,  Idaho, 
and  Utah. 

Klondike  is  the  name  under  which  the  same  wheat  was  distributed  by  J.  M. 
Thorburn  &  Co.  (209),  New  York  City,  in  1908.  No.  6  was  applied  to  this 
wheat  by  Hickox-Rumsey  Seed  Co.,  Batavia,  N.Y.  It  is  claimed  by  Mr.  Rumsey 
that  the  name  No.  6  antedates  Goldcoin.  International  No.  6,  Rochester  No.  6, 
and  possibly  Improved  No.  6,  are  names  under  which  the  variety  was  distrib- 
uted by  the  International  Seed  Co.,  of  Rochester,  N.Y.  The  distribution  of 
the  variety  under  these  names  seems  to  date  from  about  1908.  The  Junior 
No.  6  is  said  to  be  an  improved  strain  of  No.  6,  but  is  identical  with  Goldcoin. 
It  was  named  and  distributed  by  the  Hickox-Rumsey  Seed  Co.,  Batavia,  N.Y. 
Goldcoin  is  mostly  grown  in  New  York  under  the  names  given  in  this  para- 
graph. 

Distribution. — Estimated  area  in  1929,  892,371  acres,  grown  in  14  States,  as 
shown  in  figure  37. 


Figure  37. — Distribution  of  Goldcoin  wheat  in  1929.     Estimated  area,  892,371  acres. 

Synonyms. — Abundance,  Clawson,  Eldorado,  Fortyfold,  Gold  Bullion,  Gold 
Medal,  Goldmine,  Golden  Chaff,  Improved  No.  6,  International  No.  6,  Junior 
No.  6,  Klondike,  New  American  Banner,  New  Soules,  Niagara,  Number  6, 
Oregon  Goldmine,  Plymouth  Rock,  Prizetaker,  Prizewinner,  Rochester  No.  6, 
Soules,  Superlative,  Twentieth  Century,  White  Century,  White  Clawson,  White 
Eldorado,  White  Rock,  White  Russian,  White  Soules,  White  Surprise,  Winter 
King. 

KOFOD 

Description. — Plant  winter  intermediate  habit,  midseason,  mid-tall;  stem 
white,  slender,  weak;  spike  awnleted,  fusiform,  mid-dense,  nodding;  glumes 
glabrous,  yellowish,  brown  streaked,  mid-long,  mid-wide;  shoulders  mid-wide, 
usually  oblique  to  square  but  sometimes  more  variable;  beaks  usually  wide, 
obtuse,  1  mm  long;  awnlets  many,  2  to  25  mm  long;  kernels  white,  mid-long, 
soft,  ovate;  germ  small  to  mid-sized;  crease  mid-wide,  mid-deep;  cheeks 
angular;  brush  mid-sized,  mid-long. 

The  spike  characters  of  Kofod  wheat  are  rather  variable  and  unstable.  The 
kernel  is  extremely  soft. 

History. — An  interesting  but  undoubtedly  mythical  story  regarding  the  origin 
of  Kofod  (reg.  no.  68)  wheat  was  published  in  the  Deseret  Farmer  in  1906 
(21).  According  to  the  story,  Amasa  Potter,  of  Payson,  Utah,  in  1870  was 
exploring  ancient  mounds  in  Utah  County,  near  Payson,  in  one  of  which  he 
found  two  skeletons  and,  among  other  things,  a  small  quantity  of  wheat.  Most 
of  the  grain  had  decayed,  but  a  few  apparently  sound  kernels  remained.  These 
he  sowed,  and  increased  and  distributed  the  resulting  yield.  The  published 
correspondence  further  shows  that  he  let  Orwell  Simons,  of  Payson,  have 
some  of  the  seed,  and  he  in  turn  let  Peter  Winward,  of  the  same  place,  have 
some.  A  John  C.  Whitbeck  obtained  some  of  the  seed  from  Peter  Winward  in 
1875  and  took  it  to  Levan,  Utah.  Hans  C.  Kofod,  of  Levan,  later  obtained  seed 
of  this  wheat  from  Mr.  Whitbeck  and  thus  got  the  start  of  what  is  now 
known  as  "Kofod"  wheat.     The  fact  that  wheat  usually  loses  its  viability 
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after  10  or  15  years  makes  this  story  of  its  ancient  origin  extremely 
improbable. 

Distribution.— Estimated  area  in  1929,  2,709  acres,  grown  in  Cache,  Juab, 
Millard,  and  Utah  Counties,  Utah. 

Synonym. — Koffoid. 

ALLEN 

Description. — Plant  spring  habit,  midseason  to  late,  tall;  stem  white,  mid- 
strong;  spike  awnleted,  linear-fusiform,  lax,  inclined;  glumes  glabrous,  brown, 
long,  narrow ;  shoulders  wanting  to  narrow,  oblique ;  beaks  narrow,  acute,  1  mm 
long;  awnlets  several,  5  to  20  mm  long;  kernels  white,  mid-long,  semihard, 
ovate;  germ  usually  small;  crease  wide,  shallow;  cheeks  usually  angular; 
brush  small,  mid-long. 

This  variety  is  distinct  because  of  its  long,  lax  spike. 

History. — The  origin  of  Allen  (reg.  no.  76)  is  undetermined.  It  has  been 
grown  in  Washington  and  Idaho  since  about  1900. 

Distribution. — Estimated  area  in  1929,  1,280  acres,  grown  in  Latah  County, 
Idaho. 

Synonyms. — Red  Allen,  Wolf  Hybrid. 

FEDERATION 

Description. — Plant  spring  habit,  early  to  midseason,  short;  stem  white, 
strong;  spike  apically  awnleted,  oblong,  dense,  erect;  glumes  glabrous,  brown, 
short,  wide;  shoulders  wide,  oblique  to  square;  beaks  narrow,  acute,  0.5  mm 

long;  awnlets  few,  1  to  3  mm  long;  kernels  white, 
usually  short,  soft,  broadly  ovate;  germ  mid-sized; 
crease  usually  narrow,  shallow ;  cheeks  rounded ; 
brush  mid-sized,  mid-long.  Spikes,  glumes,  and 
kernels  of  this  variety  are  shown  in  plate  20,  A. 

Federation  is  a  high-yielding  variety  in  the  west- 
em  United  States.  Although  a  spring  variety,  it  is 
fairly  hardy  and  is  fall  sown  in  mild  climates. 

History. — Federation    (reg.  no.  77),  according  to 
Richardson   (170,  reprint,  pp.  124-126),  "was  pro- 
duced by   the   late   Mr.    Fairer,   wheat   experimen- 
talist, of  New  South  Wales  (Australia),  from  a  cross 
between    Purplestraw    [Australian]    and    Yandilla. 
Yandilla   is   a   cross   between   Improved    Fife   and 
Etewah,  an  Indian  variety.     The  production  of  this 
FlFed?ratioT whlaMnT929       wneat  was  Probably  the  greatest  of  Mr.   Farrer's 
Estimated    area,    752,867      many  triumphs  in  wheat  breeding,  for  none  of  his 
acres.  many   successful    cross-bred    wheats    have   enjoyed 

such  a  wide  measure  of  popularity  as  Federation." 
Federation  was  first  introduced  into  the  United  States  by  the  United  States 
Department  of  Agriculture  (215,  F.P.I.  38347)  in  1914  from  seed  furnished  by 
E.  A.  Cook,  of  Perth,  West  Australia.  The  variety  first  showed  promise  in 
nursery  experiments  at  the  Sherman  County  Branch  Station,  Moro,  Oreg.,  in 
1916,  and  was  increased  and  thoroughly  tested  (100,  p.  10).  The  first  distribu- 
tion to  farmers  for  commercial  growing  was  from  that  station  in  the  spring 
of  1920. 

Distribution. — Estimated  area  in  1929,  752,867  acres,  grown  in  9  States,  as 
shown  in  figure  38. 

POWEKCLUB     (POWER'S    CLUB) 

Description. — Plant  spring  habit,  late,  mid-tall  to  tall;  stem  white,  mid- 
strong  to  strong;  spike  awnleted,  oblong,  very  dense,  erect;  glumes  glabrous, 
brown,  mid-long,  mid-wide ;  shoulders  wanting  to  oblique ;  beaks  broad,  obtuse, 
0.5  mm  long;  awnlets  few,  3  to  10  mm  long;  kernels  white,  mid-long,  soft, 
ovate ;  germ  mid-sized ;  crease  mid-wide,  mid-deep ;  cheeks  rounded ;  brush 
mid-sized,  mid-long,  collared. 

History. — Powerclub  was  developed  by  F.  A.  Powers,  Route  2,  Parma,  Idaho, 
from  a  plant  selected  from  a  field  of  Jenkin.  It  was  distributed  about  1926. 
It  apparently  is  the  result  of  a  field  hybrid  between  Jenkin  club  aud  some 
common  wheat. 
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Distribution. — Estimated  area  in  1929,  2,113  acres,  grown  in  Idaho  and  Utah. 
Synonym. — Power's  Club. 

FOISY 

Description. — Plant  spring  habit,  late,  tall ;  stem  white,  mid-strong  to  strong ; 
spike  awnleted,  linear-clavate,  mid-dense  to  lax,  erect;  glumes  glabrous,  brown, 
mid-long,  mid-wide ;  shoulders  narrow,  rounded  to  oblique ;  keel  incurved  above ; 
beaks  wide,  truncate,  1  mm  long ;  awnlets  few,  3  to  15  mm  long ;  kernels  white, 
short,  soft,  ovate ;  germ  mid-sized ;  crease  mid-wide,  shallow  to  mid-deep ; 
cheeks  usually  rounded;  brush  mid-sized,  mid-long. 

Foisy  wheat  is  easily  distinguished  by  the  tall  plant  and  the  long,  rather  lax, 
but  clavate  spike. 

History. — Foisy  (reg.  no.  78)  originated  on  the  farm  of  M.  G.  Foisy,  near 
the  site  of  West  Woodburn,  in  northern  Marion  County,  Oreg.  About  1865,  Mr. 
Foisy  "  noticed  a  head  of  red  chaff  wheat  in  his  field  of  white  chaff  wheat,  of 
unusual  size,  gathered  it,  and  planted  it  in  his  garden  until  he  had  sufficient 
to  seed  a  small  field.  Mr.  Foisy,  who  was  a  Frenchman,  was  too  modest  to  call 
it  after  his  name,  but  insisted  that  it  was  Oregon  Red  Chaff,  yet  there  is 
no  one  about  him  that  knows  it  by  any  other  name  than  Foisy"   (100,  p.  10).. 

Distribution. — Estimated  area  in  1929, 1,431  acres,  grown  in  Clackamas,  Linn, 
Marion,  and  Washington  Counties  in  western  Oregon. 

Synonyms. — Oregon  Golden  Chaff,  Oregon  Red  Chaff,  Red  Chaff. 

HARD  FEDERATION 


Description. — Plant  spring  habit,  early,  short ;  stem  white,  strong ;  spike  awn- 
less,  oblong,  dense,  erect ;  glumes  glabrous,  brown,  short,  wide ;  shoulders  wide, 
square;  beaks  narrow,  acute,  0.5  mm  long;  awnlets  usually  wanting;  kernels 
white,  short,  hard,  ovate,  with  truncate  tip;  germ  large; 
crease   mid-wide,    mid-deep,    frequently   pitted ;    cheeks 
angular  to  rounded ;  brush  large,  mid-long. 

Hard  Federation  differs  from  Federation  in  being  ear- 
lier and  slightly  shorter  and  in  having  curled  flag  leaves 
and  hard  kernels.  Spikes,  glumes,  and  kernels  of  Hard 
Federation  are  shown  in  plate  20,  B. 

History. — Hard  Federation  (reg.  no.  79)  was  origi- 
nated by  selection  from  Federation  in  Australia.  The 
following  history  was  recorded  (22,  p.  66 Jt)  in  1914: 

"  In  consequence  of  the  variations  of  the  ordinary 
type  exhibited  by  the  strain  of  Federation  wheat  now 
being  grown  at  Cowra  Experiment  Farm,  it  has  been 
deemed  advisable  to  apply  a  distinct  name  to  it,  and 
1  Hard  Federation '  has  been  selected  as  the  most  ap- 
propriate. The  departure  from  type  was  first  noticed  by 
J.  T.  Pridham,  plant  breeder,  in  1907  or  1908,  one  of 
the  plants  selected  from  the  stud  plats  being  observed 
to  thrash  grain  of  remarkably  hard  and  flinty  appear- 
ance. The  plant  has  the  distinctive  brown  head  and 
general  appearance  of  Federation  in  the  field,  but  the 
grain  was  of  a  class  that  has  never  been  seen  in  the 
variety  before.  The  seed  was  propagated,  and  in  1910 
the  occurrence  of  white  heads  was  noticed,  and  from 
then  until  1912  distinctly  white  heads  were  common  among  the  brown,  but  in 
1913  there  were  no  white-eared  plants,  and  it  is  hoped  that  the  seed  will  now  be 
true  to  type." 

Hard  Federation  was  first  introduced  into  the  United  States  in  August  1915 
by  the  United  States  Department  of  Agriculture  (215,  F.P.I.  41079).  The  seed 
was  presented  to  the  United  States  Department  of  Agriculture  by  George  Valder, 
undersecretary  and  director  of  the  Department  of  Agriculture,  Sydney,  New 
South  Wales.  It  was  first  grown  at  the  Sherman  County  Branch  Station, 
Moro,  Oreg.,  in  1916.  Experiments  conducted  by  the  Department  in  Oregon 
and  California  from  1917  to  1919,  reported  by  Clark,  Stephens,  and  Florell 
(65,  pp.  12-17),  have  shown  it  to  be  a  high-yielding,  dry-land  wheat,  and  it 
was  distributed  for  commercial  growing  in  1920. 

Distribution.— Estimated  area  in  1929,  61,781  acres,  grown  in  5  States,  as 
shown  in  figure  39. 


Figure  39. — Distribu- 
tion of  Hard  Federa- 
tion wheat  in  1929. 
Estimated  area, 
61,781  acres. 
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HARD   FEDERATION    31 

Description. — This  selection  differs  from  Hard  Federation  in  having  slightly 
taller,  stronger,  and  more  glaucous  stems,  in  being  more  uniform  in  time  of 
heading  and  height,  and  in  being  later. 

History. — Hard  Federation  31  proved  to  be  the  best  of  85  head  selections 
made  by  D.  E.  Stephens  from  a  field  of  Hard  Federation  on  the  Sherman 
County  Branch  Station,  Moro,  Oreg.,  in  1921.  It  was  distributed  for  growing 
in  the  Grande  Ronde  Valley  of  eastern  Oregon  in  1928,  where  it  is  replacing 
the  Hard  Federation  variety. 

Distribution. — Grown  in  the  Grande  Ronde  Valley  in  eastern  Oregon  since 
1928. 

AXMINSTER 

Description. — Plant  spring  habit,  midseason,  mid-tall  to  tall;  stem  white, 
mid-strong ;  spike  awnleted,  oblong,  dense,  erect ;  glumes  glabrous,  light  brown, 
mid-long,  mid-wide;  shoulders  mid-wide,  rounding  to  square;  beaks  broad, 
obtuse,  0.5  mm  long ;  awnlets  few,  3  to  12  mm  long ;  kernels  white,  short,  hard, 
oval  to  ovate;  germ  mid-sized;  crease  wide,  deep;  cheeks  angular;  brush 
mid-sized,  mid-long,  collared. 

History. — Axminster  was  developed  by  Samuel  Larcombe,  of  Birtle,  Manitoba, 
Canada.  "It  is  believed  to  be  a  natural  cross  between  Marquis  and  an  unknown 
variety  and  resistant  to  certain  forms  of  stem  rust."  14  Mr.  Larcombe  com- 
menced its  development  in  1916  and  distributed  seed  in  1925. 

Distribution. — Estimated  area  in  1929,  183  acres,  all  in  North  Dakota. 

GOLD  DROP 

Description. — Plant  winter  habit,  early,  mid-tall;  stem  white,  weak  to  mid- 
strong  ;  spike  awnleted,  fusiform,  erect  to  inclined ;  glumes  glabrous,  light 
brown,  short  to  mid-long,  mid-wide  to  wide ;  shoulders  wide,  oblique  to  square ; 
beaks  wide,  obtuse,  0.5  mm  long;  awnlets  few,  2  to  10  mm  long;  kernels  red, 
short  to  mid-long,  soft,  ovate ;  germ  mid-sized ;  crease  mid-wide,  mid-deep ; 
cheeks  rounded ;  brush  small,  mid-long. 

Gold  Drop  is  distinguished  from  other  wheats  of  this  group  by  its  earliness 
and  by  the  short,  fusiform  spike  and  lighter  brown  glumes. 

History. — Gold  Drop  (reg.  no.  80)  doubtless  is  the  old  English  variety 
usually  referred  to  as  Golden  Drop.  Koernicke  and  Werner  (135,  p.  295)  state 
that  this  variety  was  bred  in  1834  by  a  Mr.  Gorrie,  at  Annat  Garden  in  Great 
Britain.  It  has  been  grown  in  the  United  States  for  many  years,  being  men- 
tioned by  Rawson  Harmon,  of  Wheatland,  Monroe  County,  N.Y.,  in  1843  (103, 
p.  228).  The  samples  furnishing  the  plants  here  described  were  obtained  from 
Izard  County,  Ark.,  where  farmers  state  that  it  has  been  grown  since  about 
1895. 

An  improved  strain  of  Golden  Drop,  called  Hallet's  Pedigree  Golden  Drop, 
was  used  by  Cyrus  G.  Pringle  as  one  of  the  parents  of  Defiance. 

Distribution. — Estimated  area  in  1929,  134  acres,  all  in  Arkansas. 

Synonyms. — Golden  Drop,  Littleton. 

RED    WAVE 

• 

Description. — Plant  winter  habit,  midseason  to  late;  mid-tall  to  tall;  stem 
white,  mid-strong;  spike  awnleted,  broadly  fusiform,  mid-dense,  nodding; 
glumes  glabrous,  brown,  mid-long,  wide;  shoulders  wide,  rounded  to  oblique, 
sometimes  nearly  square;  beaks  wide,  obtuse,  1  mm  long;  awnlets  several, 
5  to  15  mm  long ;  kernels  red,  mid-long,  soft,  ovate ;  germ  mid-sized ;  crease 
mid-wide  to  wide,  mid-deep,  sometimes  pitted;  cheeks  usually  angular;  brush 
mid-sized,  mid-long. 

Red  Wave  is  distinguished  by  the  broadly  fusiform,  nodding  spike.  It  is 
inferior  to  many  other  soft  red  winter  wheats  for  breadmaking.  Spikes,  glumes, 
and  kernels  of  this  variety  are  shown  in  plate  21,  A. 

History. — Red  Wave  (reg.  no.  82)  originated  by  A.  N.  Jones,  Le  Roy,  Gen- 
esee County,  N.Y.,  in  1906,  as  the  result  of  a  cross  between  Early  Red  Clawson 
and  an  unnamed  crossbred  wheat  of  Russian  parentage  (110,  1908). 

14  letter  from  L.  H.  Newman  dated  Jan.  30,  1934. 
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Distribution. — Estimated  area  in  1929,  255,737  acres,  grown  in  17  States,  as 
shown  in  figure  40. 

Synonyms. — Advance,  Indiana  Red  Wave,  Jones  Red  Wave,  Old  Dutch,  Red 
Chaff,  Red  Ivory,  Red  Wafer,  Ruble,  Rust  Proof,  Waif,  Waverly,  World's  Fair. 

ODESSA 

Description. — Plant  winter  habit,  late,  mid-tall  to  tall;  stem  usually  white, 
mid-strong;  spike  awnleted,  fusiform,  mid-dense  to  lax,  inclined;  glumes 
glabrous,  brown,  long,  mid- wide ;  shoulders  mid-wide,  usually  oblique  to  square, 
sometimes  elevated;  beaks  usually  wide,  obtuse,  1  mm  long;  awnlets  several, 
those  below  apex  strongly  incurved  or  recurved,  5  to  20  mm  long;  kernels 
red,  mid-long,  soft,  ovate  to  elliptical ;  germ  small ;  crease  mid-wide,  mid-deep ; 
cheeks  usually  rounded ;  brush  small,  mid-long  to  long. 
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Figure  40. — Distribution  of  Red  Wave  wheat  in  1929.     Estimated  area,   255,737  acres. 


Odessa  is  very  winter  hardy  and  some  strains  are  resistant  to  bunt,  it  Is 
distinguished  from  other  varieties  in  this  group  by  its  late  maturity  and  its 
slender  fusiform  spike.  Different  strains  of  Odessa  vary  widely,  owing  in 
part  to  natural  field  hybridization.  Several  white-kerneled  strains  have  been 
selected  from  these  natural  hybrids,  some  of  which,  like  White  Odessa,  are 
resistant  to  some  forms  of  bunt.  Because  of  its  winter  resistance,  Odessa  often 
is  used  as  one  parent  for  crosses  in  breeding  for  greater  winter  resistance.  Min- 
hardi  and  Minturki,  winter-hardy  varieties  developed  at  the  Minnesota  Agri- 
cultural Experiment  Station,  are  the  result  of  a  cross  between  Odessa  and 
Turkey.  Spikes,  glumes,  and  kernels  of  Odessa  wheat  are  shown  in  plate 
21,  B. 

History. — Odessa  (reg.  no.  85),  according  to  Carleton,  (50,  p.  53),  is  of  Rus- 
sian origin.  Several  introductions  have  been  made.  The  variety  was  grown  in 
Minnesota  as  early  as  1865. 

"  The  Odessa  wheat  is  one  of  the  importations  of  the  United  States  Depart- 
ment of  Agriculture  that  is  coming  into  notice  and  favor.  It  was  started, 
says  the  Lake  City  (Minn.)  Leader,  by  Porter  Martin,  of  Dakota  County,  four 
years  ago,  from  a  small  package  of  seed  sent  him  by  Hon.  Ignatius  Donnelly 
and  has  been  grown  exclusively  on  his  farm  till  this  year,  for  the  purpose  of 
giving  it  a  reliable  test"  (If,  p.  238). 

The  variety  was  included  among  a  number  of  wheats  obtained  by  the  Min- 
nesota Agricultural  Experiment  Station  in  1893  and  1894  from  American  consuls 
and  from  seed  dealers  in  Russia  (109,  p.  Jt0).  It  is  evident,  however,  that  the 
variety  was  quite  widely  grown  in  the  United  States  before  that  time.     A 
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variety  known  as  "  Odessa  "  was  grown  by  the  Wisconsin  College  of  Agricul- 
ture in  1875  (224).  A  sample  of  Odessa  wheat  obtained  from  the  Black  Sea 
region  was  grown  by  the  Colorado  Agricultural  Experiment  Station  in  1879 
(39,  p.  40).  It  also  was  reported  to  have  been  grown  in  Utah  for  40  years, 
having  been  taken  there  from  the  Eastern  States  by  Mormon  settlers,  and  in 
California  in  the  seventies  and  eighties,  because  of  its  resistance  to  rust  in  the 
coastal  areas. 

Distribution. — Estimated  area  in  1929,  5,160  acres,  grown  in  Idaho,  Kentucky, 
Missouri,  Nebraska,  Tennessee,  Utah,  and  Wyoming. 

Synonym. — Grass. 

RUDDY 

Description. — Plant  winter  habit,  late,  tall;  stem  glaucous,  white,  strong; 
spike  awnleted,  oblong,  mid-dense,  erect  to  inclined ;  glumes  glabrous,  light 
brown,  short,  wide;  shoulders  wide,  oblique  to  square;  beaks  wide,  obtuse, 
0.5  to  1  mm  long ;  awnlets  few,  2  to  8  mm  long,  incurving ;  kernels  red,  mid-long, 
soft,  oval;  germ  mid-sized;  crease  mid-wide,  mid-deep;  cheeks  angular;  brush 
mid-sized,  long. 

History. — Ruddy  (reg.  no.  86)  was  originated  by  hybridization  at  the  Wash- 
ington Agricultural  Experiment  Station,  Pullman,  Wash.  It  has  Jones  Fife, 
Little  Club,  and  Turkey  in  its  parentage  and  is  a  selection  from  the  same 
cross  from  which  Triplet  was  obtained.  Ruddy  was  increased  from  a  plant 
selected  in  1909  and  was  named  and  distributed  to  a  few  farmers  in  the  fall  of 
1919. 

Distribution. — Estimated  area  in  1929,  597  acres,  grown  in  Spokane  County, 
Wash. 

RUPERT 

Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  mid- 
strong  ;  spike  awnleted,  linear-oblong  to  subclavate,  mid-dense,  nodding ;  glumes 
glabrous,  brown,  mid-long,  wide;  shoulders  wanting  to  narrow  to  mid-wide, 
oblique;  beaks  wide,  obtuse,  1  mm  long;  awnlets  several,  2  to  20  mm  long; 
kernels  red,  mid-long,  soft,  ovate  to  elliptical;  germ  small  to  mid-sized;  crease 
wide,  mid-deep  to  deep;  cheeks  usually  rounded;  brush  mid-sized,  mid-long. 

Rupert  differs  from  Red  Wave  in  having  an  oblong  spike,  which  sometimes 
is  subclavate. 

History.— The  origin  of  Rupert  (reg.  no.  87)  is  not  definitely  known. 
Apparently  it  was  first  grown  under  the  name  Woods,  concerning  which  R. 
Crouch,  of  Morristown,  Tenn.,  wrote  as  follows : 

"Mr.  William  Woods,  of  Talbot,  Tenn.,  many  years  ago  noticed  an  extra 
head  of  wheat  in  his  field,  and  from  this  head  of  wheat  Woods  wheat  is  largely 
raised  in  this  (Hamblen)  and  adjoining  counties." 

Another  early  name  for  the  variety  is  Hartzel.  John  D.  Daley,  of  Clinton, 
Ohio,  stated  in  1919  that  this  wheat  "  was  selected  out  of  some  wheat  grown  by 
Joe  Hartzel,  of  Barberton,  Ohio,  about  18  years  ago  ". 

A  wheat  under  the  name  Rupert's  Giant  probably  was  first  advertised  by  J.  M. 
Thorburn  &  Co.,  seedsmen,  of  New  York  City  (209),  but  this  was  described  as 
"a  red  bearded  wheat,  long  stem,  strong  growing,  resists  the  Hessian  fly 
best".  Rupert's  Giant,  grown  by  the  writers  from  samples  obtained  from  the 
Cornell  University  (N.Y.)  Agricultural  Experiment  Station  in  1913  and  1917, 
is  awnless  and  is  as  described  above. 

Distribution. — Estimated  area  in  1929,  6,102  acres,  grown  in  South  Carolina, 
Tennessee,  and  Virginia. 

Synonyms.— Gold  Medal,  Hartzel,  Haskell,  Red  Haskell,  Red  Hassel,  Ruck, 
Rupert's  Giant,  Woods. 

RURAL    NEW    YORKER    NO.    6 

Description.— Plant  winter  habit,  early  to  midseason,  short  to  mid-tall ;  stem 
white,  mid-strong;  spike  awnleted,  clavate,  dense,  erect  to  inclined;  glumes 
glabrous,  brown,  mid-long,  wide ;  shoulders  mid-wide  to  wide,  oblique  to  square ; 
beaks  wide,  obtuse,  1  mm  long;  awnlets  several,  5  to  20  mm  long;  kernels 
red,  small  to  mid-long,  soft,  ovate,  and  broad  across  basal  end ;  germ  mid-sized ; 
crease  mid-wide,  mid-deep;  cheeks  rounded;  brush  mid-sized,  mid-long. 

This  variety  is  distinguished  by  its  dense,  clavate  spike. 

History.— Rural  New  Yorker  No.  6  (reg.  no.  88)  is  reported  to  have  been 
originated  by  crossing  wheat  and  rye.    The  cross  was  made  by  Elbert  S.  Car- 
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Plate  21 


Bed  Wave  (^4)  and  Odessa  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Plate  22 


Currell  (A)  and  Poole  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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man,  editor  of  the  Rural  New  Yorker,  in  1883  (16).  Martin  was  the  mother 
parent  of  the  cross.  Seed  of  the  variety  was  first  offered  for  sale  by  Peter 
Henderson  &  Co.  (110),  seedsmen,  of  New  York  City,  in  1894.  Leighty  (1^1, 
p.  Jf26),  in  reviewing  Mr.  Carman's  wheat-rye  hybrids,  gives  the  following  con- 
clusions regarding  Rural  New  Yorker  No.  6 : 

"  From  this  description,  and  from  a  statement  made  elsewhere  concerning  its 
origin,  it  seems  that  No.  6  is  actually  descended  from  the  true  wheat-rye  hybrid 
obtained  in  1883.  It  is  noteworthy  for  the  fact,  since  it  is  the  only  variety  in- 
troduced by  Mr.  Carman,  whose  record,  so  far  as  determined  by  the  writer, 
clearly  indicated  such  origin." 

Distribution. — Estimated  area  in  1924,  5,777  acres,  grown  in  Illinois  and 
Ohio.     It  was  not  reported  in  1919  or  1929. 

Synonyms. — Burtaker,  Number  6,  Red  Hussar,  Twentieth  Century. 

CURRELL 


Description. — Plant  winter  habit,  early  to  midseason,  mid-tall;  stem  usually 
purple,  mid-strong ;  spike  awnleted,  fusiform,  mid-dense,  inclined ;  glumes 
glabrous,  brown,  mid-long,  narrow  to  mid-wide ;  shoulders  mid-wide,  oblique  to 
square ;  beaks  usually 
wide,  sometimes  nearly 
wanting,  0.5  mm  long; 
awnlets  few,  3  to  10  mm 
long;  kernels  dull  red, 
short  to  mid-long,  soft, 
ovate;  germ  mid-sized; 
crease  narrow  to  mid- 
wide,  shallow  to  mid- 
deep,  distinctly  trian- 
gular ;  cheeks  usually 
rounded ;  brush  small, 
mid-long. 

Spikes,  glumes,  and 
kernels  of  this  variety 
are  shown  in  plate  22,  A. 

History. — The  history 
of  Currell  (reg.  no.  90) 
has  been  recorded  by 
Carleton  (52,  p.  202)  as 
follows : 

"  Currell  Prolific  wheat  was  selected  by  Mr.  W.  E.  Currell,  of  Virginia,  from 
a  field  of  Fultz  in  1881.  The  original  seed  was  from  three  spikes.  It  was  first 
sold  for  seed  in  1884." 

Distribution. — Estimated  area  in  1929,  430,596  acres,  grown  in  13  States,  as 
shown  in  figure  41. 

Synonyms. — Currell's  Prolific,  Gill,  Golden  Chaff,  Pearl  Prolific,  Perfection, 
Prettybone,  Prolific,  Red  Odessa,  Red  Prolific,  Tennessee  Prolific. 
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Figure  41. 


-Distribution  of  Currell  wheat  in  1929. 
mated  area,  430,596  acres. 
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BALDROCK 


Description. — Plant  winter  habit,  midseason,  mid-tall ;  stem  purple,  mid-strong 
to  strong ;  spike  awnleted,  fusiform,  mid-dense,  nodding ;  glumes  glabrous,  brown, 
mid-long,  mid-wide;  shoulders  wide,  oblique  to  rounding;  beaks  mid-wide, 
obtuse,  0.5  mm  long ;  awnlets  few,  3  to  12  mm  long ;  kernels  red,  mid-long,  soft, 
elliptical ;  germ  mid-sized ;  crease  wide,  deep ;  cheeks  angular ;  brush  mid-sized, 
mid-long. 

History. — Baldrock  (reg.  no.  271)  was  produced  (80)  by  the  farm  crops 
department  of  the  Michigan  Agricultural  Experiment  Station,  East  Lansing, 
Mich.,  from  a  field  hybrid  between  Red  Rock  and  an  unknown  variety.  Many 
awnless  selections  were  made  from  these  hybrids  in  Red  Rock  and  tested  from 
1917  to  1922.  Baldrock  is  one  of  these  strains.  It  was  increased  in  1930  and 
145  bushels  were  distributed  to  farmers  in  1931.  It  was  registered  (56)  as  an 
improved  variety  in  1932  because  of  its  resistance  to  lodging,  awnleted  spikes, 
good  yields  under  Michigan  conditions,  and  satisfactory  flour  quality. 

Distribution, — Grown  in  Michigan  since  1931. 
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POOLE 


Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  purple,  mid- 
Btrong;  spike  awnleted,  usually  fusiform,  sometimes  nearly  oblong  or  linear- 
oblong,  wide,  mid-dense  to  lax,  usually  nodding;  glumes  glabrous,  brown,  mid- 
long,  wide;  shoulders  wide,  oblique  to  square;  beaks  wide,  obtuse,  0.5  mm 
long;  awnlets  several,  5  to  20  mm  long;  kernels  red,  mid-long,  soft,  ovate  to 
oval,  frequently  elliptical,  flattened ;  germ  small  to  mid-sized ;  crease,  mid-wide, 
mid-deep  to  deep ;  cheeks  usually  rounded ;  brush  small  to  mid-sized,  mid-long. 
Poole  is  distinguished  by  the  wide,  nodding  spikes.  The  kernels  are  rather 
narrow,  flattened,  and  rounded  in  outline.  Spikes,  glumes,  and  kernels  of 
Poole  wheat  are  shown  in  plate  22,  B. 

History. — The  origin  of  Poole  (reg.  no.  92)  is  undetermined,  but  it  has  been 
an  important  variety  in  Ohio  and  Indiana  since  about  1880.     It  was  grown  by 

the  Ohio  Agricultural 
Experiment  Station  as 
early  as  1884  (137,  p. 
15). 

Harvest  King  was  dis- 
tributed by  J.  A.  Everitt 
&  Co.  (88,  pp.  4-7), 
seedsmen,  of  Indianapo- 
lis, Ind.,  from  1894  to 
about  1900.  There  is 
no  information  regard- 
ing the  origin  of  the  va- 
riety, and  it  probably  is 
only  a  lot  of  seed  of  the 
Poole  variety  renamed 
by  the  Everitt  Seed  Co., 
as  such  renaming  was 
a  common  practice  of 
that  firm.  As  the  wheat 
was  widely  advertised 
under  this  name,  it  is 
now  grown  nearly  as 
widely  as  Harvest  King 
and  other  names  as 
under  the  name  Poole 
itself. 

Distribution. — The 
acreage  of  Poole  wheat 
has  decreased  rapidly 
since  1919,  when  it  was 
estimated  to  have  been 
grown  on  2,453,400  acres.  In  1924  the  estimated  area  was  1,050,023  acres,  and  in 
1929,  600,817  acres,  grown  in  16  States,  as  shown  in  figure  42. 

Synonyms. — Beechwood,  Beechwood  Hybrid,  Bluestem,  California  Red,  Gill, 
Harvest  King,  Hedge  Prolific,  Hundred  Mark,  Hydro  Prolific,  Kentucky  Blue- 
stem,  Mortgage  Lifter,  Nissley,  Nissley's  Hybrid,  Ocean  Wave,  Oregon  Red 
Chaff,  Red  Amber,  Red  California,  Red  Chaff,  Red  Fultz,  Red  King,  Red  Rus- 
sell, Royal  Red  Clawson,  Sweet  Water  Valley,  Wagner,  Winter  King. 


Figure  42. — Distribution   of   Poole  wheat  in   1929. 
mated  area,  600,817  acres. 
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V.P.I.    112 

Description. — V.P.I.  112  is  very  similar  to  Poole  but  is  slightly  taller;  It 
has  weaker  stems,  and  the  beaks  and  awnlets  may  be  slightly  longer. 

History. — V.P.I.  112  resulted  from  a  plant  selection  from  Poole  made  in 
1905  at  the  Virginia  Polytechnic  Institute,  Blacksburg,  Va.  It  was  first  dis- 
tributed for  commercial  growing  in  1915. 

Distribution. — Estimated  area  in  1929,  32,490  acres,  grown  in  Virginia,  North 
Carolina,  and  Tennessee.  The  Virginia  station  estimates  that  25,000  acres 
were  grown  in  1933. 

PORTAGE 


Description. — Portage  is  similar  to  Poole  except  for  a  stiffer  straw  and  a 
higher  yield  and  quality.  „ 
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History. — Portage  (reg.  no.  93)  is  the  result  of  a  plant  selected  from  Poole 
and  was  developed  at  the  Ohio  Agricultural  Experiment  Station.  It  was  rec- 
ommended by  the  Ohio  Station  as  a  high-yielding  wheat  superior  to  Poole  for 
breadmaking  and  was  distributed  about  1916  (230,  pp.  478-481). 

Distribution. — The  estimated  area  of  Portage  in  1919  was  4,500  acres,  which 
was  increased  to  57,320  acres  in  1924.  By  1929,  however,  the  area  had  de- 
creased to  13,067  acres,  all  in  Ohio,  having  been  replaced  by  Trumbull. 

EUSSIAN   RED 

Description. — Russian  Red  differs  slightly  from  Poole  in  having  more  per- 
sistent glumes  that  have  more  triangular  shoulders  and  longer  beaks  (1  to  1.5 
mm  long). 

History. — Russian  Red  (reg.  no.  94)  usually  is  grown  under  the  name  "Red 
Russian  ",  but  as  other  varieties  are  known  by  this  name  it  is  here  designated 
as  Russian  Red.    The  following  history  of  this  wheat  was  reported  by  E.  H. 
Collins,  who  was  offering 
the  seed  for  sale  in  1898 : 

"  In  answers  to  ques- 
tions, allow  me  to  say 
that  the  Red  Russian 
wheat  I  advertise  in  the 
Farmer  was  selected  by 
an  agent  sent  by  the 
American  Seed  Co.,  of 
Rochester,  N.Y.,  to  Rus- 
sia to  secure  their  best 
wheat.  It  was  intro- 
duced in  this  section  by 
a  prominent  mill  in  Indi- 
anapolis at  $1.50  a  bu- 
shel. They  paid  1  cent 
extra  for  a  few  years 
to  encourage  its  more 
general  introduction.  It 
has  of  late  years  sold  at 
the  seed  stores  at  a  2-cent 
premium  and  does  this 
year.  It  is  hardy, 
smooth,  medium  hard, 
and  very  productive. 
The  only  fault  I  found  Figubb  43.- 
in  growing  it  12  years  is 
that    it    shatters    when 

cut  dead  ripe,  so  that  I  often  grow  half  of  my  crop  Fultz,  which  can  wait 
Lately,  however,  I  grow  all  Russian"  (71,  p.  7). 

This  variety  was  grown  by  the  Ohio  Agricultural  Experiment  Station  as  early 
as  1888  (114,  V-  29).  It  was  distributed  widely  by  Peter  Henderson  &  Co.  (110), 
seedsmen,  of  New  York  City,  and  J.  A.  Everitt  &  Co.  (88),  seedsmen,  of  Indian- 
apolis, Ind.,  in  the  early  nineties. 

Distribution. — The  estimated  area  of  Russian  Red  increased  from  50,474  acres 
in  1924  to  60,806  acres  in  1929,  the  latter  acreage,  however,  being  far  below 
that  of  1919,  when  172,100  acres  were  grown.  The  1929  acreage  was  in  11 
States,  as  shown  in  figure  43. 

CHINA 
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Distribution  of  Russian  Red  wheat  in  1929. 
Estimated  area,  60,806  acres. 


Description. — Plant  winter  habit,  late,  tall ;  stem  purple,  weak  to  mid-strong ; 
spike  awnleted,  fusiform,  mid-dense  to  lax,  inclined;  glumes  glabrous,  brown, 
mid-long,  mid-wide ;  shoulders  narrow  to  mid-wide,  usually  rounded ;  beaks 
wide,  obtuse,  0.5  mm  long ;  awnlets  few,  3  to  12  mm  long ;  kernels  red,  short  to 
mid-long,  soft,  ovate  to  elliptical,  tip  end  usually  flattened,  ventral  side  slightly 
dished ;  germ  small ;  crease  narrow  to  mid-wide,  shallow  to  mid-deep ;  cheeks 
rounded ;  brush  small,  mid-long,  collared. 

China  differs  principally  from  Currell  in  being  taller  and  later  and  in  having 
longer  spikes  and  a  different-shaped  kernel,  as  shown  in  the  descriptions. 
Spikes,  glumes,  and  kernels  of  China  wheat  are  shown  in  plate  23,  A. 
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History. — In  1851  the  Rural  New  Yorker  gave  the  following  account  of  the 
origin  of  China  (reg.  no.  95),  which  appeared  for  the  first  time  in  the  Niagara 
Democrat : 

"The  kernels  from  which  they  (specimens)  grew  were  originally  brought 
from  China  some  six  years  ago  (1845).  The  seed  was  handed  to  Mr.  Caverns 
by  O.  Turner,  the  popular  local  historian,  who  obtained  them  from  the  then 
lately  returned  Minster  to  China,  Hon.  Caleb  Cushing.  From  a  small  quantity 
received  by  Mr.  Caverns  for  experiment,  an  amount  sufficient  to  give  it  exten- 
sive and  permanent  culture  has  been  received." 

Several  other  histories  of  the  origin  of  China  wheat  are  recorded  in  literature, 
but  the  above  is  thought  to  be  the  correct  history  of  the  variety  here  described. 

Bluestem  and  Pennsylvania  Bluestem  are  names  widely  used  for  China  in 
the  States  where  it  is  grown.  A.  H.  Hoffman,  seedsman,  of  Landisville,  Fa., 
distributed  the  variety  in  that  State  under  the  name  Pennsylvania  Bluestem. 

Distribution. — The  estimated  area  of  China  decreased  from  63,900  acres  in 
1919  to  57,671  acres  in  1924  and  to  13,663  acres  in  1929,  grown  in  Delaware, 
Kentucky,  Maryland,  Pennsylvania,  and  Virginia. 

Synonyms. — Bluestem,  Lebanon  Valley,  Mortgage  Lifter,  Pennsylvania  Blue- 
stem. 

WHEEDLING 

Description. — Plant  winter  habit,  midseason  to  late,  mid-tall  to  tall;  stem 
purple,  strong;  spike  awnleted,  oblong-fusiform,  mid-dense,  erect;  glumes  gla- 
brous, light  brown,  mid-long  to  long,  mid-wide ;  shoulders  wanting  to  narrow, 
oblique ;  beaks  wide,  obtuse,  0.5  mm  long ;  awnlets  few,  3  to  15  mm  long ;  kernels 
red,  mid-long,  soft,  ovate;  germ  mid-sized;  crease  mid-wide,  mid-deep;  cheeks 
angular;  brush  small,  mid-long. 

Wheedling  differs  from  China  in  being  shorter  and  in  having  a  shorter  and 
more  erect  spike  and  narrower  shoulders. 

History. — Wheedling  (reg.  no.  96)  has  the  following  history:  "This  variety 
was  originated  about  18  years  ago  (1890)  by  Louis  Wheedling,  of  Indiana.  Mr. 
Wheedling,  while  walking  in  his  wheat  field,  noticed  some  heads  slightly  differ- 
ent from  the  surrounding  ones.  These  he  selected,  and  from  them  came  the 
variety  that  bears  his  name"  (123,  p.  90). 

Distribution. — The  estimated  area  of  Wheedling  decreased  from  10,900  acres 
in  1919  to  851  acres  in  1929,  all  in  Indiana. 

Synonym. — Dutro  Clipper. 

SHEPHERD 

Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  purple,  mid- 
strong;  spike  awnleted,  oblong-fusiform,  mid-dense,  erect  to  inclined;  glumes 
glabrous,  brown,  short  to  mid-long,  wide;  shoulders  wide,  rounding  to  square; 
beaks  broad,  ootuse,  0.5  mm  long ;  awnlets  few,  3  to  12  mm  long ;  kernels  red, 
short  to  mid-long,  soft,  ovate;  germ  mid-sized;  crease  wide,  mid-deep;  cheeks 
angular;  brush  mid-sized,  mid-long. 

Shepherd  is  resistant  to  flag  smut  and  the  rosette  phase  of  wheat  mosaic. 

History. — Shepherd  (reg.  no.  253)  was  originated  in  cooperative  experiments 
of  the  Division  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry,  United 
States  Department  of  Agriculture,  and  the  department  of  plant  breeding  of 
Cornell  University.  The  original  selection  was  from  the  variety  known  as 
"Tennessee  Fultz  "  and  was  made  at  Ithaca,  N.Y.,  in  1912  by  C.  E.  Leighty. 
It  was  registered  in  1926  (58).  Its  superior  characters  are  resistance  to  flag 
smut  and  the  rosette  phase  of  wheat  mosaic.  Shepherd  has  been  grown  com- 
mercially since  1923  in  areas  of  Illinois  where  these  diseases  occur. 

Distribution. — Estimated  area  in  1929,  3,399  acres,  all  in  Illinois. 

RED  MAY    (MICHIGAN  AMBER) 

Description. — Plant  winter  habit,  early  to  midseason,  mid-tall  to  tall;  stem 
purple,  mid-strong ;  spike  awnleted,  usually  oblong,  mid-dense,  erect  to  inclined ; 
glumes  glabrous,  brown,  short  to  mid-long,  wide;  shoulders  wide,  usually 
square;  beaks  narrow,  triangular,  0.5  mm  long;  awnlets  few,  3  to  12  mm 
long;  kernels  red,  usually  short,  soft,  ovate;  germ  mid-sized;  crease  mid-wide 
to  wide,  mid-deep  to  deep;  cheeks  usually  angular;  brush  usually  small, 
mid-long. 
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Red  May  differs  from  Poole  and  China  in  being  earlier  and  in  having  a 
broader  and  more  oblong  spike  and  wider  glumes  with  squarer  shoulders. 
The  glumes  and  shoulders  of  Red  May  also  are  wider  than  those  of  Wheedling. 
Spikes,  glumes,  and  kernels  of  Red  May  wheat  are  shown  in  plate  23,  B. 

History. — Red  May  (reg.  no.  97)  is  believed  to  be  identical  with  or  de- 
scended from  the  Red  or  Yellow  Lammas.  Several  writers  have  suggested  the 
identity.  Tracy  (213,  p.  396)  mentions  Yellow  Lammas  as  being  a  synonym 
of  Red  May.  Lammas  was  mentioned  by  Koernicke  and  Werner  (135,  pp.  253, 
290)  as  being  a  very  old  English  wheat  grown  prior  to  1699.  Both  the 
Red  and  Yellow  Lammas  were  grown  in  Virginia  many  y,ears  before  the 
Revolutionary  War.  A  White  May  wheat  of  a  later  period,  according  to 
Cabell  (48,  p.  14),  was  grown  in  Virginia  as  early  as  1764.  A  more  recent 
history  of  Red  May  indicates  that  it  was  originated  by  General  Harmon  from 
the  Virginia  May  (a  white-kerneled  wheat)  about  1830  (103,  p.  226).  This 
wheat  has  been  grown  quite  widely  under  the  name  Red  May  since  1845. 

Early  May  was  commonly  used  as  a  synonym  for  both  Red  May  and  White 
May  from  1843  to  1857.  In  1854  a  White  May  variety  in  addition  to  the  one 
already  discussed  is  claimed  to  have  been  originated  by  Charles  H.  Boughton, 
Center  Crossroads,  Essex  County,  Va.  This  was  also  known  as  "  Boughton  " 
and  "  Tappahannock."  The  name  "  Early  May "  is  now  used  for  both  Red 
May  and  Flint. 

The  name  "  May  "  is  now  used  most  commonly  as  a  synonym  for  Red  May, 
although  the  variety  probably  was  originally  a  white-kerneled  wheat  of  earlier 
origin  than  Red  May.    The  name  is  also  known  to  be  used  for  other  varieties. 

Michigan  Amber  was  grown  on  the  eastern  farm  of  the  Pennsylvania 
Agricultural  College,  in  Chester  County,  Pa.,  as  early  as  1871  (69,  p.  134)- 
Concerning  the  variety,  the  Farmers'  Advocate,  London,  Ontario,  published 
the  following  statement,  which  was  republished  in  the  Rural  New  Yorker  in 
1875  (7,  pp.  186-187)  : 

"Michigan  Amber,  or  Rappahannock,  is  of  an  amber  color;  growth  and 
appearance  otherwise  resembling  the  Midge-proof  variety." 

Although  commonly  used,  the  name  Michigan  Amber  seems  to  be  of  a 
later  date  than  Red  May,  and  for  that  reason  the  latter  is  preferred. 

The  writers'  samples  of  the  variety  are  similar  to  Red  May,  with  the  pos- 
sible exception  of  being  a  few  days  later  in  maturity.  This  might  easily 
be  due  to  the  fact  that  Michigan  Amber  wheat  has  been  grown  farther  north 
than  the  Red  May  since  about  1870. 

Michigan  Wonder  was  reported  as  one  of  the  highest  yielding  wheats  at 
the  Missouri  Agricultural  Experiment  Station  in  1911  (149,  p.  211).  The 
writers'  samples  are  the  same  as  Red  May,  except  that  they  are  slightly  more 
erect. 

Orange  wheat  was  reported  as  having  been  introduced  into  Monroe  County, 
N.Y.,  from  Virginia  in  1845  (10 4,  p.  286).  In  1857  Klippart  (133)  reported 
Orange  wheat  as  a  beardless,  white-grained  winter  wheat  grown  in  Ohio. 
The  wheat  now  grown  as  Orange,  however,  has  red  kernels  and  apparently 
is  identical  with  Red  May.  It  is  reported  as  one  of  the  excellent-yielding  awn- 
less  varieties  of  wheat  for  Missouri  in  1910  (74,  p.  67). 

Pride  of  Indiana  wheat  obtained  from  the  Indiana  and  Missouri  Agricultural 
Experiment  Stations  is  the  same  as  Red  May.  The  origin  of  the  wheat  is 
undetermined.  Possibly  the  name  became  used  for  wheat  through  error,  as  it 
is  a  name  of  an  important  variety  of  corn  in  Indiana. 

The  name  "Red  Cross"  is  sometimes  wrongly  applied  to  Red  May  wheat. 
Since  1893  the  John  A.  Salzer  Seed  Co.,  seedsmen,  of  La  Crosse,  Wis.,  have  been 
selling  a  wheat  under  the  name  Red  Cross  that  apparently  is  identical  with 
Red  May.  They  bought  the  seed  from  a  J.  J.  Barron,  who  claimed  to  have 
originated  it  (176,  p.  17).  This  he  states  was  done  by  crossing  three  varie- 
ties.   No  evidence  is  given,  however,  to  prove  that  the  crosses  were  made. 

Distribution. — The  estimated  area  of  Red  May  decreased  from  1,165,900 
acres  in  1919  to  399,915  acres  in  1924  but  increased  to  799,161  acres  in  1929, 
which  acreage  was  reported  from  20  States,  as  shown  in  figure  44. 

Synonyms. — Beechwood,  Canadian  Hybrid,  Early  Harvest,  Early  May,  Early 
Ripe,  Enterprise,  Jones  Longberry,  May,  Michigan  Amber,  Michigan  Wonder, 
Orange,  Pride  of  Indiana,  Red  Amber,  Red  Cross,  Red  Republic,  Republican 
Red. 
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ILLINI   CHIEF 


Description.— Plant  winter  habit,  midseason  to  late,  tall;  stem  purple,  strong; 
spike  awnleted,  oblong,  mid-dense,  erect  to  inclined;  glumes  glabrous,  brown, 
mid-long,  mid-wide;  shoulders  wide,  usually  square;  beaks  wide,  obtuse,  0.5 
to  1  mm  long;  awnlets  few,  3  to  15  mm  long;  kernels  red,  short  to  mid-long, 
soft,  ovate;  germ  mid-sized;  crease  wide,  mid-deep  to  deep;  cheeks  usually 
angular;  brush  mid-sized,  mid-long. 

Illini  Chief  is  very  similar  to  Red  May,  but  differs  slightly  in  being  taller 
and  later.  It  was  originally  mixed  with  Jones  Fife  and  with  pubescent  brown- 
glumed  strains,  most  of  which  were  heterozygous.  Illini  Chief  is  very  resistant 
to  Hessian-fly  injury. 

History — Illini  Chief  (reg.  no.  98)  was  first  distributed  in  the  fall  of  1915 
by  E.  L.  Gillham,  Edwardsville,  111.  He  advertised  the  variety  as  resistant  to 
Hessian  fly,  stating  "that  it  does  practically  resist  Hessian-fly  attack"   (96). 

McColloch  and  Salmon  (144)  and 
Painter,  Salmon,  and  Parker  (158) 
have  published  recent  data  supporting 
the  earlier  reports  of  the  resistance 
of  Illini  Chief  to  Hessian  fly. 

Further  history  of  Illini  Chief  wheat 
is  recorded  as  follows: 

"  Ed.  Gillham,  who  was  the  first 
man  to  grow  the  wheat,  bought  the 
seed  nine  years  ago  from  a  neighbor 
by  the  name  of  Finley,  and  it  is  still 
known  as  Finley  wheat  in  Madison 
County"  (23,  p.  5). 

Finley  was  reported  in  1919  from 
Kansas,    Missouri,    and    Ohio.      The 
name  Finley  also  was  in  use  in  the 
early  eighties  for  an  awnless  variety 
with  white,  glabrous  glumes  and  red 
kernels  (77,  p.  29).    This  wheat  appar- 
ently has  now  gone  out  of  cultivation. 
A    second    article    in    the    Prairie 
Farmer  by  S.  A.  Forbes  (90),  State  entomologist  of  Illinois,  contains  the  follow- 
ing sentence :  "  Mr.  Gillham  has  traced  his  original  stock  to  an  Ohio  farmer, 
who  called  it  Early  Carlyle." 

Distribution. — Estimated  area  in  1929,  2,551  acres,  grown  in  Illinois  and 
Missouri. 

Synonyms. — Early  Carlyle,  Finley. 


Figure  44. — Distribution  of  Red  May  wheat 
in  1929.    Estimated  .area,  799,161  acres. 


RED  CLAW  SON 


Description. — Plant  winter  habit,  midseason,  mid-tall  to  tall;  stem  purple, 
strong;  spike  awnleted,  oblong  to  linear-clavate,  mid-dense,  erect  to  inclined; 
glumes  glabrous,  brown,  mid-long,  mid-wide;  shoulders  mid-wide  to  wide, 
usually  square,  sometimes  rounded  or  oblique;  beaks  mid-wide,  obtuse,  0.5  to 
1  mm  long;  awnlets  several,  5  to  15  mm  long;  kernels  pale  red,  mid-long,  soft, 
ovate  to  elliptical;  germ  small  to  mid-sized;  crease  mid-wide,  shallow  to  mid- 
deep;  cheeks  rounded  to  angular;  brush  mid-sized,  mid-long. 

Red  Clawson  differs  from  Red  May  in  being  later  and  in  having  a  slightly 
longer  and  more  clavate  spike,  narrower  glumes,  and  a  longer  kernel. 

History. — Red  Clawson  (reg.  no.  99)  was  originated  in  1888  as  the  result 
of  a  cross  between  Clawson,  a  white  wheat,  and  Golden  Cross,  made  by  A.  N. 
Jones,  of  Newark,  Wayne  County,  N.Y.  (50).  It  was  advertised  and  distributed 
by  Peter  Henderson  &  Co.  (110),  seedsmen,  New  York  City,  as  early  as 
1889. 

The  name  "  Clawson  "  properly  is  applied  only  to  the  white-kerneled  wheat, 
which  was  one  parent  of  the  Red  Clawson,  but  sometimes  is  used  for  Red 
Clawson. 

Distribution. — Estimated  area  in  1929,  10,823  acres,  grown  in  Indiana,  Mich- 
igan, and  Pennsylvania. 

Synonyms.— Clawson,  Early  Red  Clawson,  Zeller's  Valley. 
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Plate  23 


China  04)  and  Red  May  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Plate  24 


Triplet  (A)  and  Jones  Fife  {B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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ROCHESTER 

Description. — Plant  winter  habit,  midseason,  mid-tall  to  tall;  stem  purple, 
strong;  spike  awnleted,  very  clavate,  dense,  erect;  glumes  glabrous,  brown, 
mid-long,  mid-wide ;  shoulders  wide,  oblique  to  square ;  beaks  mid-wide,  obtuse, 
0.5  to  1  mm  long ;  awnlets  several,  3  to  15  mm  long ;  kernels  red,  short  to  mid- 
long,  soft,  ovate,  humped;  germ  small;  crease  mid-wide,  mid-deep,  pitted; 
cheeks  rounded;  brush  mid-sized,  mid-long  to  long. 

Rochester  wheat  has  an  extremely  dense,  clavate  spike  which  distinguishes 
it  from  most  other  varieties. 

History. — The  origin  of  Rochester  (reg.  no.  100)  is  undetermined.  It  was 
advertised  by  Henderson  (110)  as  early  as  1891. 

Distribution. — The  estimated  area  of  Rochester  decreased  from  900  acres  in 
1919  to  123  acres  in  1924,  and  in  1929  it  was  not  reported.  It  was  formerly 
grown  in  Monroe  County,  N.Y.,  and  in  Morris  County,  N.J. 

Synonyms. — Pride  of  the  Valley,  Rochester  Red,  Shepherd's  Tennessee  Fultz. 

RED    CHIEF 

Description. — Red  Chief  is  nearly  identical  with  Rochester,  but  the  spike  is 
not  quite  so  dense. 

History. — Red  Chief  (reg.  no.  101)  is  reported  by  Henderson  (110,  1903) 
to  have  originated  from  Early  Red  Clawson  and  Red  Arcadian.  By  whom 
this  cross  was  made  is  not  stated. 

Distribution. — Estimated  area  in  1924,  69  acres,  all  in  Kentucky.  It  was  not 
reported  in  1929. 

Synonym. — Early  Red  Chief. 

STANLEY 

Description. — Plant  spring  habit,  midseason  to  late,  tall;  stem  white,  mid- 
strong;  spike  awnleted,  fusiform,  lax,  erect,  easily  shattered;  glumes  glabrous, 
brown,  mid-long,  narrow ;  shoulders  wanting  to  narrow,  oblique ;  beaks  narrow, 
sometimes  wanting,  usually  acute,  0.5  mm  long ;  awnlets  few,  3  to  10  mm  long ; 
kernels  red,  short  to  mid-long,  semihard  to  hard,  ovate ;  germ  mid-sized ;  crease 
mid-wide,  shallow  to  deep,  triangular;  cheeks  angular;  brush  mid-sized, 
mid-long. 

History. — Stanley  (reg.  no.  104)  originated  about  1895  from  the  progeny  of 
a  cross  made  by  William  Saunders,  Dominion  cerealist,  Ottawa,  Canada. 
"The  Stanley  is  a  twin  wheat  with  the  Preston,  both  having  had  origin  in  the 
one  kernel"  (181,  p.  14).  "Parentage  Ladoga  (female)  crossed  with  Red 
Fife  (male)"  (^77,  p.  219).  An  awned,  white-glumed,  white-kerneled  winter 
wheat  also  has  been  grown  under  the  name  Stanley  (229,  p.  38). 

Distribution. — Estimated  area  in  1929,  424  acres,  in  Broadwater  County, 
Mont. 

MONTANA    KING 

Description. — Plant  spring  habit,  midseason  to  late,  mid-tall;  stem  some- 
times faintly  purple,  mid-strong;  spike  awnleted,  fusiform,  mid-dense,  erect  to 
inclined ;  glumes  glabrous,  brown,  mid-long,  mid-wide ;  shoulders  wide,  oblidue 
to  square ;  beaks  broad,  obtuse,  1  mm  long ;  awnlets  several,  5  to  20  mm  long ; 
kernels  red,  mid-long,  hard,  elliptical ;  germ  mid-sized ;  crease  mid-wide,  mid- 
deep  ;  cheeks  angular ;  brush  mid-sized,  mid-long. 

History. — Montana  King  is  thought  to  be  the  result  of  a  field  cross  between 
Marquis  and  Ladoga.  It  is  the  product  of  a  plant  selection  in  a  field  of  Mar- 
quis in  Canada,  where  it  was  first  known  as  Brownhead.  or  Broatch's  Brown- 
head.  In  the  United  States  it  was  distributed  widely  in  1928  and  1929  by  a 
seed  firm  of  Scobey,  Mont,  under  the  name  Montana  King. 

Distribution. — Estimated  acreage  in  1929,  38,712  acres,  in  North  Dakota  and 
Montana. 

Synonyms. — Broatch's  Brownhead,  Brownhead. 

SILVERCOIN 

Description. — Plant  winter  habit,  midseason,  short  to  mid-tall;  stem  white, 
strong;  spike  awnleted,  clavate,  dense,  erect  to  inclined;  glumes  pubescent, 
white,  mid-long,  mid-wide;  shoulders  mid-wide,  oblique  to  square;  beaks  wide, 
obtuse,  1  mm  long ;  awnlets  few,  3  to  10  mm  long ;  kernels  white,  short  to  mid- 
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long,  soft,  ovate  to  oval;  germ  mid-sized;  crease  mid-wide,  mid-deep;  cheeks 
angular  to  rounded;  brush  mid-sized,  mid-long. 

History. — According  to  M.  L.  Peterson,  Mendon,  Cache  County,  Utah,  Silver- 
coin  (reg.  no.  105)  wheat  originated  in  a  dry-land  field  of  mixed  Goldcoin 
and  Sonora,  belonging  to  Eph.  Hansen,  a  few  miles  from  Mendon,  about  1900. 
The  wheat  was  selected,  increased,  and  distributed  and  became  known  as 
"  Eph.  Hansen  "  wheat,  but  the  name  later  was  changed  to  Silvercoin,  though 
when  and  by  whom  is  not  known. 

Distribution. — Estimated  area  in  1929,  5,648  acres,  grown  in  Utah. 

INDIAN 

Description. — Plant  spring  habit,  early,  short;  stem  white,  weak  to  mid- 
strong  ;  spike  awnleted,  oblong,  dense,  erect,  easily  shattered ;  glumes  pubescent, 
white,  mid-long,  mid-wide;  shoulders  mid-wide,  oblique  to  elevated;  beaks 
narrow,  acuminate,  1  to  3  mm  long ;  awnlets  several,  3  to  5  mm  long ;  kernels 
white,  short,  soft,  ovate  to  oval ;  germ  mid-sized ;  crease  mid-wide,  shallow ; 
cheeks  unusually  rounded ;  brush  small,  short. 

Indian  differs  from  Sonora  principally  in  having  white  instead  of  brown 
glumes. 

History. — The  origin  of  Indian  (reg.  no.  107)  wheat  is  not  definitely  known. 
It  probably  is  the  result  of  a  natural  field  hybrid  between  Sonora  and  some 
other  variety.  It  is  a  common  mixture  in  the  Sonora  variety,  although  it  has 
been  separated  and  grown  by  itself  for  many  years.  George  L.  Little,  Jr.,  of 
Morgan,  Morgan  County,  Utah,  reported  in  1917  that  the  origin  of  the  variety 
was  not  known,  but  that  it  had  been  grown  in  his  county  for  40  or  50  years. 

Distribution. — The  estimated  area  of  Indian  in  1919  was  200  acres,  which 
increased  to  957  acres  in  1924,  but  it  was  not  reported  in  1929.  It  was  formerly 
grown  in  Arizona  and  Utah. 

PUSA    NO.    4 

Description. — Plant  spring  habit,  early,  short ;  stem  white,  mid-strong ;  spike 
awnless,  oblong,  very  lax,  inclined ;  glumes  pubescent,  white,  mid-long,  mid- 
wide  ;  shoulders  wide,  rounding  to  elevated ;  beaks  mid-wide,  obtuse,  0.5  to  1  mm 
long;  awnlets  usually  wanting;  kernels  white,  mid-long,  hard,  ovate;  germ 
mid-sized;  crease  mid-wide,  shallow;  cheeks  rounding;  brush  small,  short. 

History. — According  to  Pridham  and  Callaghan  (166),  Pusa  No.  4  was 
originated  as  a  natural  cross  in  the  breeding  plots  of  the  Indian  Government 
at  Pusa  and  is  thought  to  contain  Federation  blood.  These  authors  also  report 
it  as  being  the  leading  variety  in  Queensland,  Australia.  Pusa  No.  4  was 
introduced  from  India  (F.P.I.  41682)  by  the  United  States  Department  of 
Agriculture  in  1915.  Experiments  have  shown  that  it  is  adapted  to  sections 
of  southern  California,  where  it  was  distributed  by  the  California  Agricultural 
Experiment  Station  about  1926.  A  shipment  of  seed  from  California  to  Jim 
Clark,  of  Moscow,  Idaho,  resulted  in  200  acres  being  sown  there  in  1930. 

Distribution. — Estimated  area  in  1929,  589  acres,  in  California. 

TRIPLET 

Description. — Plant  winter  habit,  midseason,  mid-tall ;  stem  white,  mid-strong ; 
spike  awnleted,  oblong-fusiform,  mid-dense,  inclined ;  glumes  pubescent,  white, 
mid-long,  mid-wide;  shoulders  mid-wide,  oblique  to  square;  beaks  wide,  obtuse, 
0.5  ,  to  1  mm  long ;  awnlets  several,  3  to  12  mm  long,  sometimes  incurved 
throughout  spike ;  kernels  red,  short  to  mid-long,  semihard,  ovate ;  germ  small ; 
crease  narrow  to  mid-wide,  shallow ;  cheeks  rounded ;  brush  small,  mid-long. 

Triplet  differs  from  Jones  Fife  in  being  slightly  shorter  and  earlier  and  in 
having  a  harder  kernel  with  a  smaller  germ  and  rounded  rather  than  angular 
cheeks.    Plate  24,  A,  shows  spikes,  glumes,  and  kernels  of  Triplet. 

History. — Triplet  (reg.  no.  108)  was  originated  at  the  Washington  Agricul- 
tural Experiment  Station,  Pullman,  Wash.    Its  pedigree  is  as  follows: 

Jones  Fife  X  Little  Club                  Jones  Fife  X  Turkev 
I { I  I I   * 

Unnamed  X  Unnamed 

i i 


Triplet 
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It  was  first  grown  as  a  pure  strain  in  1910  and  was  distributed  for  com- 
mercial growing  in  1918,  after  it  had  proved  to  be  a  high-yielding  variety  in 
nursery  and  plot  experiments  at  Pullman. 

Distribution. — Estimated  area  in  1929,  168,018  acres,  grown  in  Washington, 
Idaho,  and  Oregon,  as  shown  in  figure  45. 


Figure  45. — Dis- 
tribution o  f 
Triplet  wheat 
in  1929.  Esti- 
mated area, 
168,018  acres. 


Description. — Plant  winter  habit,  midseason,  mid-tall  to  tall ; 
stem  white,  mid-strong  to  strong;  spike  awnleted,  oblong- 
fusiform,  mid-dense,  inclined ;  glumes  pubescent,  white,  mid- 
long,  mid-wide ;  shoulders  mid-wide,  oblique  to  square ; 
beaks  wide,  obtuse,  0.5  to  1  mm  long;  awnlets  few,  3  to  10 
mm  long;  kernels  red,  mid-long,  semihard,  ovate;  germ  mid- 
sized ;  crease  wide,  deep ;  cheeks  angular ;  brush  large,  long. 

Mealy  differs  from  Triplet  in  being  slightly  taller  and  later, 
with  stronger  stems  and  in  having  kernels  with  more  angular 
cheeks  and  larger  and  longer  brush. 

History. — Mealy  (reg.  no.  109)  was  distributed  by  the  United  States  Depart- 
ment of  Agriculture  in  1885  and  for  several  years  thereafter,  and  the  following 
record  of  its  origin  accompanied  the  seed : 

"  Originated  by  M.  A.  Mealy,  in  1880,  by  planting  the  kernels  of  three  heads 
of  wheat  selected  from  a  growing  crop  of  Fultz.  It  is  similar  to  other  varieties 
known  as  White  Velvet  Chaff ;  is  of  fair  promise  and  is  said  to  excel  the  Fultz 
in  yield  and  flouring  qualities"  (49,  p.  19). 

White  Velvet  Chaff  was  the  name  of  a  wheat  grown  prior  to  the  origin  of 
Mealy,  but  the  varieties  probably  were  identical.  The  wheat  under  this  name 
evidently  has  disappeared  from  cultivation. 

Distribution. — Estimated  area  in  1929,  7,964  acres,  grown  in  Ohio  and  Penn- 
sylvania. 

Synonyms. — Velvet  Chaff,  Velvet  Head,  White  Velvet  Chaff. 


JONES  FIFE 

Description. — Plant  winter  habit,  midseason,  mid-tall ;  stem  white,  mid-strong ; 
spike  awnleted,  oblong-fusiform,  mid-dense,  nodding;  glumes  pubescent,  white, 


Figure  46. — Distribution  of  Jones  Fife  wheat  in  1929.     Estimated  area,   167,416  acres. 


mid-long,  mid-wide  to  wide ;  shoulders  mid-wide,  oblique  to  square ;  beaks  wide, 
obtuse,  0.5  to  1  mm  long ;  awnlets  few  to  several,  lower  ones  often  incurved,  3 
to  8  mm  long ;  kernels  red,  short  to  mid-long,  soft  to  semihard,  ovate,  humped ; 
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germ  mid-sized ;  crease  mid-wide  to  wide,  mid-deep  to  deep ;  cheeks  angular ; 
brush  mid-sized,  mid-long. 

This  variety  differs  from  Mealy  principally  in  having  a  nodding  spike  and 
a  softer  kernel.  It  makes  a  comparatively  weak  flour  for  breadmaking.  Spikes, 
glumes,  and  kernels  of  Jones  Fife  wheat  are  shown  in  plate  24,  B. 

History. — Jones  Fife  (reg.  no.  110)  was  originated  by  A.  N.  Jones,  of  Newark, 
Wayne  County,  N.Y.,  in  1889.15  According  to  Carleton  (52,  p.  221),  "  it  descended 
from  Fultz,  Mediterranean,  and  Russian  Velvet." 

Crail  Fife  is  a  local  name  applied  to  Jones  Fife  wheat  in  Montana,  Frank 
Crail,  of  Bozeman,  Mont,  being  the  farmer  who  grew  and  distributed  the  variety 
under  that  name.  A  similar  wheat  called  Burbank's  Super,  or  Super  wheat, 
was  distributed  by  Luther  Burbank,  of  Santa  Rosa,  Calif.,  in  the  fall  of  1917. 
Apparently  most  of  his  stock  was  purchased  and  resold  by  the  State  Seed  & 
Nursery  Co.,  of  Helena,  Mont.  The  writers  have  found  Super  wheat  to  be 
identical  with  Jones  Fife  in  all  taxonomic  characters,  as  well  as  in  yield  and 
in  milling  and  baking  quality. 

Distribution. — The  estimated  area  of  Jones  Fife  decreased  from  476,100 
acres  in  1919  to  209,222  acres  in  1924  and  to  167,416  acres  in  1929,  in  17  States, 
as  shown  in  figure  46. 

Synonyms. — Burbank's  Super,  Canadian  Hybrid,  Crail  Fife,  Fife,  Fishhead, 
Jones  Winter  Fife,  Silver  King,  Super,  Velvet  Chaff,  Winter  Fife. 

MISSOURI  VALLEY 

Description. — Plant  spring  habit,  early,  mid-tall  to  tall;  stem  purple,  weak 
to  mid-strong,  very  slender;  spike  awnless,  fusiform,  mid-dense,  inclined  to 
nodding;  glumes  pubescent,  white  to  yellowish,  short,  narrow  to  mid-wide; 
shoulders  narrow,  oblique  to  square ;  beaks  narrow,  triangular,  acute,  0.5  mm 
long;  awnlets  wanting;  kernels  red,  short,  hard,  ovate  to  oval;  germ  mid- 
sized; crease  mid-wide,  mid-deep;  cheeks  rounding;  brush  large,  mid-long. 

History. — Missouri  Valley  was  produced  by  W.  E.  Hansen,  Sanish,  N.Dak., 
who   in  1930   advertised   it  extensively   and   distributed   the   seed. 

Distribution. — Grown  in  North  Dakota  since  1930. 

Synonym. — Missouri  Valley  Special. 

REWARD 

Description. — Plant  spring  habit,  early,  short  to  mid-tall ;  stem  white,  mid- 
strong  but  easily  crinkled  at  the  nodes;  spike  awnleted,  fusiform,  mid-dense, 
erect  to  inclined;  glumes  pubescent,  white,  sometimes  black  striped,  short, 
mid-wide;  shoulders  mid-wide,  oblique  to  elevated;  beaks  broad,  acute,  tri- 
angular, 0.5  to  1  mm  long ;  awnlets  several,  sometimes  black,  5  to  15  mm  long , 
kernels  red,  short  to  mid-long,  hard,  ovate;  germ  mid-sized;  crease  mid-wide, 
mid-deep ;  cheeks  rounding  to  angular ;  brush  mid-sized,  short.  Spikes,  glumes, 
and  kernels  of  Reward  are  shown  in  plate  25,  A. 

History.— Reward  (reg.  no.  261)  was  developed  from  a  cross  between  Mar- 
quis and  Prelude  made  in  1911  by  C.  E.  Saunders  at  the  Central  Experimental 
Farm,  Ottawa,  Canada.  It  was  tested  at  several  experiment  stations  in  Can- 
ada, beginning  in  1921,  and  was  distributed  for  commercial  growing  in  Can- 
ada in  1928.  Reward  was  first  grown  at  experiment  stations  in  the  United 
States  in  1925  and  was  first  introduced  into  the  United  States  from  Canada 
by  commercial  growers  in  1928. 

Reward  was  registered  (63)  in  1928,  its  advantages  being  early  maturity, 
some  degree  of  rust  resistance,  high-test  weight,  and  good  quality  for  bread- 
making.  It  has  the  highest  protein  content  of  any  of  the  commercial  varieties 
of  hard  red  spring  wheat  grown  in  the  United  States  and  is  recognized  as  one 
of  the  best  show  wheats,  having  won  many  prizes  at  fairs. 

Distribution. — Estimated  area  in  1929,  6,520  acres,  in  South  Dakota,  North 
Dakota,  Minnesota,  and  Montana.  Since  1929  its  acreage  has  increased  rapidly, 
both  in  the  United  States  and  Canada.  In  the  United  States  fully  100,000 
acres  were  grown  in  1933,  and  in  Canada  the  area  was  estimated  at  1,000,000 
acres. 


Printed  stationery  of  A.  N.  Jonea. 


WHEAT  VAfelETIES   GEOWN   IN   THE   UNITED   STATES 


S3 


HAYNES    BLUESTEM 

Description. — Plant  spring  habit,  late,  mid-tall  to  tall;  stem  white,  glaucous 
before  maturity,  mid-strong  to  strong ;  spike  awnleted,  narrowly  fusiform,  mid- 
dense  to  lax,  inclined,  easily  shattered;  glumes  pubescent,  white,  short,  mid- 
long,  narrow;  shoulders  mid-wide,  oblique  to  square;  beaks  mid-wide,  obtuse, 
0.5  mm  long;  awnlets  few,  3  to  15  mm  long;  kernels  red,  short  to  mid-long, 
hard,  ovate;  germ  mid-sized;  crease  narrow,  mid-deep  to  deep;  cheeks  rounded; 
brush  mid-sized,  mid-long  to  long. 

This  variety  is  very  susceptible  to  stem  rust.  When  rust  is  not  present  it 
yields  well  under  humid  conditions.  It  has  long  been  considered  an  excellent 
milling  and  breadmaking  wheat.  Spikes,  glumes,  and  kernels  of  Haynes  Blue- 
stem  are  shown  in  plate  25,  B. 

History. — Haynes  Bluestem  (reg.  no.  Ill)  was  first  developed  through  selec- 
tion by  L.  H.  Haynes  (108),  of  Fargo,  N.Dak.,  about  1895.  He  recorded  the 
following  information  concerning  its  previous  origin  and  his  work  toward 
its  improvement : 

"  The  wheat  now  grown  in  the  Northwest,  ordinarily  known  as  a  Bluestem, 
was  grown  40  years  ago  (1855)  in  some  Eastern  States  as  a  Red  Winter 
wheat.  Being  semihard  when  grown  in  the  East,  since  being  changed  into  a 
spring  wheat  and  grown  in  the  hard-wheat  district  of  the  Northwest,  it  is  now 
hard  and  the  berry  as  beautiful  an  amber 
as  can  be  found.     *     *     *  " 

Mr.  Haynes  distributed  this  wheat 
widely  throughout  the  Dakotas  and  Min- 
nesota for  several  years,  starting  about 
1892.  As  shown  in  the  more  complete 
history  in  Department  Bulletin  1074  (59), 
Bluestem  wheat  was  grown  in  the  Dakotas 
before  Mr.  Haynes  originated  his  strain. 
As  he  has  recorded,  it  probably  was 
grown  in  the  eastern  United  States  as  a 
winter  wheat  before  being  grown  as  a 
spring  wheat  in  the  Northwest.  Haynes 
Bluestem  wheat  was  further  improved  by 
the  Minnesota  Agricultural  Experiment 
Station.  A  selection,  first  known  as  Min- 
nesota No.  169,  was  developed  and  distrib- 
uted by  that  institution  in  the  late  nineties  (109,  pp.  69-72).  This  strain  also 
has  been  known  as  Haynes  Bluestem  and  is  now  the  principal  strain  grown 
under  that  name.  The  name  Bluestem  now  is  most  commonly  used  for  this 
whole  group  of  Bluestem  wheats  and  also  as  a  farm  name  for  the  variety. 
As  the  original  Bluestem  and  the  strains  cannot  be  distinguished  from  each 
other,  the  name  Haynes  Bluestem  is  used  here  to  distinguish  this  wheat  from 
five  other  important  varieties  of  wheat  commonly  known  as  "  Bluestem "  in 
the  United  States  and  to  retain  its  identity  with  the  old  and  well-known  name 
Bluestem. 

Distribution. — The  estimated  area  of  Haynes  Bluestem  decreased  from 
1,557,800  acres  in  1919  to  133,031  acres  in  1924  and  72,943  acres  in  1929,  grown 
in  11  States,  as  shown  in  figure  47.  The  acreage  of  Haynes  Bluestem  has  con- 
tinued to  decrease  since  1929  because  of  the  late  maturity  and  susceptibility 
to  stem  rust  of  this  variety.     Since  1931  it  has  not  been  grown  to  any  extent. 

Synonyms. — Bluestem,  Bolton  Bluestem,  Marvel  Bluestem,  Minnesota  No.  169, 
Velvet  Bluestem. 

GALGALOS 
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Figure  47. — Distribution  of  Haynes 
Bluestem  wheat  in  1929.  Estimated 
area,  72,943  acres. 


Description. — Plant  spring  habit,  although  remaining  prostrate  during  its 
early  growth,  midseason,  mid-tall;  leaves  pubescent,  glaucous;  stem  white, 
slender,  weak;  spike  awnleted,  fusiform,  lax,  inclined;  glumes  pubescent,  light 
brown,  long,  mid-wide;  shoulders  mid-wide,  oblique  to  square;  beaks  wide, 
acute,  1  to  2  mm  long;  awnlets  many,  3  to  30  mm  long;  kernels  white,  mid- 
long,  soft,  ovate  to  elliptical,  slightly  humped,  ventral  side  rounded;  germ 
small ;  crease  narrow,  shallow ;  cheeks  usually  rounded ;  brush  mid-sized,  mid- 
long. 
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This  variety  is  distinguished  by  its  pubescent,  brown  glumes  and  pubescent 
leaves.  It  is  a  hardy,  high-yielding  wheat  in  dry  climates  and  is  often  fall 
sown.  It  is  one  of  the  best  white  wheats  for  breadmaking.  Its  weak  straw, 
however,  is  a  serious  objection.  Spikes,  glumes,  and  kernels  of  Galgalos  wheat 
are  shown  in  plate  26,  A. 

History. — Galgalos  (reg.  no.  113,  F.P.I.  9872)  was  introduced  in  1903  by  the 
United  States  Department  of  Agriculture  (215)  from  the  Erivan  Government  in 
Transcaucasian  Russia.  The  seed  of  Galgalos  was  increased  in  Oregon  by 
E.  M.  Smith,  The  Dalles,  Oreg.  (then  of  Hay  Creek,  Oreg.),  from  a  sample 
sent  him  from  the  United  States  Department  of  Agriculture  in  1904. 

Distribution. — Estimated  area  in  1929,  11,516  acres,  in  Oregon,  California, 
Washington,  and  Nevada. 

Synonyms. — Russian  Red,  Velvet  Chaff. 

SONORA 

Description. — Plant  spring  habit,  early,  short  to  mid-tall ;  stem  white,  weak ; 
spike  awnleted,  oblong,  short,  dense,  erect,  easily  shattered ;  glumes  pubescent, 
brown,  mid-long,  mid-wide;  shoulders  narrow,  usually  oblique;  beaks  narrow, 

acuminate,  1  to  3  mm  long;  awnlets 
several,  3  to  8  mm  long;  kernels  white, 
short,  soft,  ovate  to  oval;  germ  small; 
crease  mid-wide,  shallow;  cheeks 
rounded;  brush  small,  short. 

This  variety  is  distinct  because  of  its 
long,  acuminate  beaks.  It  is  usually  a 
poor-yielding  variety  except  in  southern 
California  and  Arizona,  where  it  ap- 
pears well  adapted.  It  produces  a  weak 
flour  that  is  used  mostly  for  pastry  and 
breakfast  foods.  Spikes,  glumes,  and 
kernels  of  Sonora  wheat  are  shown  in 
plate  26,  B. 

History. — Sonora    (reg.  no.   114)    was 

brought     to     the    United     States     from 

Magdalena     Mission,     northern     Sonora, 

Mexico,  where  it  has  been  grown  since 

about  1770.10    It  is  known  to  have  been 

grown  in  the  United  States  since  about 

1820.    It  is  the  wheat  grown  by  the  Pima 

and  Yuma  Indians  in  Arizona.     Several 

samples    of    wheat,    similar    to    Sonora, 

have    been    introduced    by    the    United 

States  Department  of  Agriculture  from 

South  Africa. 

Distribution. — Estimated  area  in  1929,  91,852  acres,  in  9  States,  as  shown  in 

figure  48. 

Synonyms. — Ninety-Day,  Red  Chaff,  White  Sonora. 

GRANDPRIZE 


Figure  48. — Distribution  of  Sonora  wheat 
in  1929.     Estimated  area,  91,852  acres. 


Description. — Plant  winter  habit,  midseason  to  late,  short;  stem  white, 
strong;  spike  awnleted,  clavate,  dense,  inclined;  glumes  pubescent,  brown, 
mid-long,  wide ;  shoulders  mid-wide,  oblique  to  square ;  beaks  wide,  obtuse,  0.5 
to  1  mm  long;  awnlets  several,  3  to  15  mm  long;  kernels  red,  mid-long,  soft 
to  semihard,  broadly  ovate  to  oval ;  germ  mid-sized ;  crease  usually  wide,  deep, 
pitted ;  cheeks  rounded  to  angular ;  brush  large,  mid-long  to  long. 

Grandprize  is  usually  not  uniform  in  shape  of  spike,  a  small  percentage  of 
oblong  spikes  usually  being  present. 

History. — Grandprize  (reg.  no.  115)  was  originated  by  A.  N.  Jones,  of 
Le  Roy,  N.Y.,  between  1900  and  190S.  It  was  distributed  by  Peter  Henderson 
&  Co.  (110),  seedsmen,  of  New  York  City,  in  1910.  The  wheat  derived  its 
name  from  the  fact  that  Mr.  Jones  received  a  grand  prize  for  his  cereal  exhibit 
at  the  St.  Louis  Exposition  in  1904. 


u  Verbal  statement  of  W.  W.  Mackie,  Jan.  22,  1919. 
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PLATE   25 


Reward  (.4)  and  Haynes  Bluestem  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 


Tech.  Bui.  459,  U.S.  Dept.  of  Agriculture 


PLATE   26 


Ml 


Oalgalos  (A)  and  Sonora  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 


Tech.  Bui.  459.  U.S.  Dept.  of  Agriculture 


Plate  27 


Propo  (A)  and  Baart  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 


Tech.  Bui.  459,  U.S.  Dept.  of  Agriculture 


Plate  28 


Gipsy  (A)  and  Valley  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Distribution. — Estimated  area  in  1929,  1,036  acres,  in  Pennsylvania. 
Synonyms. — Bull  Moose,  Golden  Chaff,  New  Genesee,  St.  Louis  Grandprize, 
Velvet  Head. 

DEMOCRAT 

Description. — Plant  winter  habit,  midseason,  tall;  stem  white,  strong;  spike 
awned,  fusiform,  mid-dense,  inclined;  glumes  glabrous,  white,  mid-long,  mid- 
wide  ;  shoulders  wanting  to  narrow ;  beaks  1  to  5  mm  long ;  awns  3  to  6  cm 
long ;  kernels  white,  mid-long,  soft,  ovate ;  germ  small  to  mid-sized ;  crease 
usually  narrow,  shallow  to  mid-deep ;  cheeks  angular ;  brush  small,  mid-long. 

Democrat  is  the  only  awned  variety  of  winter  wheat  having  white  glumes 
and  kernels. 

History. — The  origin  of  Democrat  (reg.  no.  116)  wheat  is  undetermined. 
It  was  grown  by  the  Ohio  Agricultural  Experiment  Station  as  early  as  1883. 
It  was  obtained  by  that  station  from  George  Burr,  of  Lodi,  Ohio,  and  at  that 
time  was  recorded  as  being  a  variety  quite  generally  grown  in  Ohio  (76,  p.  17). 

Distribution. — Estimated  area  in  1929,  1,918  acres,  in  Illinois,  Ohio,  and 
Pennsylvania. 

PALISADE 

Description. — Plant  spring  habit,  midseason,  mid-tall;  stem  white,  weak, 
slender ;  spike  awned,  fusiform,  mid-dense,  inclined  to  nodding ;  glumes  glabrous, 
white,  mid-long,  narrow;  shoulders  wanting  to  narrow,  oblique;  beaks  2  to  4 
mm  long ;  awns  3  to  7  cm  long ;  kernels  white,  mid-long,  soft,  ovate  to  elliptical ; 
germ  small ;  crease  narrow  to  mid-wide,  shallow ;  cheeks  rounded  to  angular ; 
brush  mid-sized,  short. 

History. — Palisade  wheat  (reg.  no.  120)  was  obtained  by  the  North  Platte  sub- 
station, North  Platte,  Nebr.,  from  a  farmer  in  the  vicinity  of  Palisade,  Nebr., 
about  1907.  The  previous  history  of  the  variety  is  undetermined.  The  White 
Oregon  variety,  which  appears  to  be  synonymous,  was  grown  in  the  central  part 
of  the  United  States  many  years  ago. 

Distribution. — Estimated  area  in  1929,  1,568  acres,  grown  under  the  names 
of  synonyms  in  Colorado. 

Synonyms. — White  Oregon,  White  Palisade,  White  Spring. 

PEOPO 

Description. — Plant  spring  habit,  early  to  midseason,  mid-tall ;  stem  faintly 
purple,  weak  to  mid-strong;  spike  awned,  fusiform,  mid-dense,  inclined; 
glumes  glabrous,  white,  mid-long,  mid-wide ;  shoulders  mid-wide,  oblique  to 
square ;  beaks  2  to  5  mm  long ;  awns  3  to  7  cm  long ;  kernels  white,  mid-long, 
soft,  ovate  to  elliptical,  slightly  humped ;  germ  small  to  mid-sized ;  crease  mid- 
wide,  mid-deep ;  cheeks  rounded  to  angular ;  brush  mid-sized,  mid-long. 

Propo  (reg.  no.  121)  is  distinct  from  the  other  wheats  in  the  group  in  having 
faintly  purple  stems.  A  spike,  glumes,  and  kernels  of  this  variety  are  shown  in 
plate  27,  A. 

History. — This  variety  was  first  known  as  Proper,  for  which  the  following 
history  was  recorded  in  1879  (168)  : 

"The  Proper  originated  from  the  selection  of  a  number  of  heads  of  bearded 
wheat  in  a  field  of  Mr.  Proper,  at  Sutter  station,  on  the  line  of  the  Marysville 
&  Vallejo  Railroad,  in  Sutter  County." 

The  following  later  and  somewhat  different  history  of  Propo  has  been 
recorded  by  Shaw  and  Gaumnitz  (192,  p.  318)  of  the  California  Agricultural 
Experiment  Station: 

"  Of  Propo,  R.  M.  Shackleford,  of  Paso  Robles,  for  many  years  connected  with 
the  milling  trade  of  this  State,  is  authority  for  the  statement  that  this  variety 
was  a  field  selection  from  a  sowing  made  from  a  shipment  of  wheat  from 
Chile." 

Hendry,  in  1931  (111),  after  examining  plant  materials  found  in  the  adobe 
walls  of  buildings  erected  during  the  period  1701  to  1837  by  Spanish  mission- 
aries in  Mexico,  California,  and  Arizona,  reports  the  following : 

"  Propo  wheat  has  been  found  in  twelve  of  the  fourteen  buildings  examined 
and  appears  to  have  been  the  most  extensively  grown  wheat  variety  throughout 
the  region  during  the  Spanish  and  Mexican  periods.  The  specimens  are  uni- 
form in  type  and  appear  to  be  identical  with  those  of  the  variety  as  it  is  known 
in  California  today." 
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It  seems  apparent  that  Propo  is  a  very  old  variety  that  became  badly  mixed 
and  was  later  reselected  from  commercial  fields  in  California. 

Distribution. — Estimated  area  in  1929,  18,483  acres,  grown  in  Riverside,  San 
Luis  Obispo,  and  Santa  Barbara  Counties,  Calif. 

Synonym. — Proper. 


Description. — Plant  spring  habit,  early  to  midseason,  mid-tall  to  tall ;  stem 
white,  weak;  spike  awned,  fusiform,  mid-dense,  inclined;  glumes  glabrous, 
white,  long,  narrow;  shoulders  narrow,  oblique  to  square;  beaks  3  to  5  mm 
long;  awns  3  to  6  cm  long;  kernels  white,  long,  semihard  to  hard,  ovate  to 
obpyriform;  germ  small;  crease  narrow,  shallow;  cheeks  usually  rounded; 
brush  mid-sized,  short  to  mid-long. 

This  variety  can  be  distinguished  from  all  others  by  the  large  yellowish  pear- 
shaped  kernels.  A  spike,  glumes,  and  kernels  of  Baart  wheat  are  shown  in 
plate  27,  B. 

History. — Baart  (reg.  no.  123)  was  received  as  Early  Baart  with  four  other 
varieties  (215,  F.P.I.  5078)  from  Australia  by  the  United  States  Department 
of  Agriculture  in   1900.     The  commercial  distribution  of  the  variety  in  this 

country  is  the  result  of  this  introduc- 
tion. In  Australia  it  has  never  been  a 
leading  commercial  variety,  although  it 
has  been  grown  by  some  farmers  for 
many  years.  In  recent  introductions  of 
wheat  from  South  Africa,  varieties  have 
been  obtained  that  are  identical  with 
Baart.  The  name  "  Baart "  is  Dutch 
for  bearded.  It  seems  probable  that 
the  variety  was  introduced  to  Australia 
from  the  Orange  River  Colony  or  the 
Transvaal  in  South  Africa  (65,  p.  3). 

Neethling,  1932  (151),  states  that 
"  Baard  "  wheat  was  mentioned  in  South 
African  literature  as  early  as  1739  and 
suggests  that  the  original  stock  may 
have  been  introduced  from  western 
Europe. 

In  the  United  States  the  variety  was 
first  distributed  for  commercial  growing 
by  the  Arizona  Agricultural  Experiment 
Station,  which  obtained  its  original  seed 
from  the  then  Office  of  Cereal  Investiga- 
tions, United  States  Department  of  Agri- 
culture.    The   variety    was   well   estab- 
lished in  Arizona  in  1914,  when  it  was  first  grown  in  Washington  from  seed 
from  Arizona ;  it  later  spread  to  Oregon  and  Idaho  and  to  California  about  1917. 
Distribution. — The  estimated  area  of  Baart  increased  from  500,500  acres  in 
1919  to  766,547  acres  in  1929,  grown  in  11  States,  as  shown  in  figure  49. 

Synonyms. — Arizona  Baart,  Columbia,  Diener  Hybrids,  Diener  No.  18,  Early 
Baart,  White  Columbia. 

GLADDEN 


Figure  49. — Distribution  of  Baart  wheat 
in  1929.    Estimated  area,  766,547  acres. 


Description. — Gladden  is  similar  to  Gipsy,  but  can  be  distinguished  from  it 
by  its  shorter  beaks,  which  usually  do  not  exceed  3  mm.  It  also  has  stronger 
stems  and  is  superior  to  Gipsy  in  yield  and  quality. 

History. — The  following  history  of  Gladden  (reg.  no.  126)  has  been  reported 
by  C.  G.  Williams  (231),  of  the  Ohio  Agricultural  Experiment  Station,  where 
the  variety  was  originated. 

"  The  Gladden  wheat  originated  from  a  single  head  of  wheat  selected  from 
a  field  of  Gipsy  wheat  in  1905,  and  was  first  grown  in  1906  under  the  number 
6100,  along  with  other  head  rows  of  Gipsy,  Fultz,  Poole,  and  other  varieties. 
It  has  many  of  the  characteristics  of  the  Gipsy  wheat,  being  bearded,  having 
a  white  chaff  and  red  kernel. 

"  In  consulting  the  old  notebooks  of  14  years  ago  I  find  it  described  as  '  very 
erect '  in  growth,  the  words  being  underscored,  and  given  the  highest  rank  for 
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stiffness  of  straw  of  any  of  the  Gipsy  rows,  and  as  high  a  rank  as  any  row 
in  the  test.  The  photographs  taken  in  1907,  1910,  and  1915  show  more  than 
ordinary  stiffness  of  straw. 

"  Insofar  as  yield  is  concerned,  it  had  to  stand  high  from  the  start  or  be 
cast  aside.  A  vast  majority  of  the  heads  tested  were  weeded  out  each  year 
on  account  of  ordinary  yield.  In  milling  and  baking  tests  in  1915  the  Gladden 
showed  superior  qualities. 

"  This  variety  passed  along  under  the  number  name,  6100,  until  1915,  when 
it  seemed  best  to  give  it  a  real  name  in  order  to  prevent  confusion,  as  it  was 
being  distributed  quite  a  little  over  the  State.  It  was  named  for  Washington 
Gladden,  a  man  not  associated  with  agriculture  particularly,  but  the  most 
useful  citizen  Ohio  had  for  many  years." 

Distribution. — Estimated  area  in  1929,  41,735  acres,  grown  in  Ohio,  Indiana, 
and  Wisconsin. 


Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  mid- 
strong;  spikes  awned,  fusiform,  mid-dense,  inclined;  glumes  glabrous,  white, 
mid-long,  mid-wide;  shoulders  mid-wide,  oblique  to  square;  beaks  2  to  8  mm 
long;  awns  3  to  7  cm  long;  kernels  red,  mid-long,  soft  to  semihard,  ovate, 
humped ;  germ  mid-sized ;  crease  mid-wide,  shallow  to  mid-deep,  pitted ;  cheeks 
usually  rounded ;  brush  small,  mid-long. 

A  spike,  glumes,  and  kernels  of  Gipsy  wheat  are  shown  in  plate  28,  A. 

History. — The  origin  of  Gipsy  (reg.  no.  127)  is  undetermined.  It  was  grown 
in  Missouri  as  early  as  1S77  (9)  and  at  the  Ohio  Agricultural  Experiment 
Station  by  1888  (77,  p.  28).  There  is  a  tradition  that  the  name  was  given 
the  variety  because  it  was  first  obtained  from  a  gypsy. 

Distribution. — The  estimated  area  of  Gipsy  decreased  from  122,500  acres  in 
1919  to  25.931  acres  in  1929,  in  Indiana,  Kansas,  Ohio,  and  West  Virginia. 

Synonyms. — Defiance,  Egyptian,  Farmers  Friend,  Gipsy  Queen,  Golden 
Straw,  Grains  o'  Gold,  Lebanon,  Niagara,  Reliable. 


Description. — Valley  differs  from  Gipsy  only  in  being  taller  and  slightly 
earlier  and  in  having  slightly  longer  spikes,  beaks,  and  glumes.  Photographs 
of  a  spike,  glumes,  and  kernels  of  Valley  are  shown  in  plate  28,  B. 

History. — Valley  (reg.  no.  128)  was  obtained  by  the  Ohio  station  from  Elias 
Tetter,  Pleasant  Plain,  Ohio,  in  1883  and  grown  by  them  for  the  first  time  in 
1884  (77,  p.  35).  It  is  "  said  to  have  originated  in  the  Scioto  Valley,  Ohio" 
(115,  p.  8). 

Indiana  Swamp  is  a  name  under  which  a  sample  of  wheat  very  similar  to 
Valley  was  obtained  from  the  Illinois  station  in  1913.  A  wheat  under  that 
name  was  grown  by  them  as  early  as  1902.  The  Everitt  O.K.  Seed  Store  adver- 
tised Indiana  Swamp  wheat  in  1899,  stating  that  it  was  of  the  Mediterranean 
type.    The  name  "  Swamp  "  is  also  used  for  several  other  varieties. 

Distribution. — Estimated  area  in  1929,  754  acres,  grown  in  Illinois,  Kansas, 
and  Pennsylvania. 

Synonyms. — German  Amber,  Indiana  Swamp,  Niagara,  Russian  Amber,  Rust 
Proof. 

K  AW  VALE 

Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  purple,  strong; 
spike  awned,  fusiform,  mid-dense,  erect  to  inclined,  easily  shattered;  glumes 
glabrous,  white,  short,  mid-wide;  shoulders  narrow,  wanting  to  oblique;  beaks 
narrow,  acute,  incurving,  1  to  3  mm  long;  awns  3  to  6  cm  long;  kernels  red, 
mid-sized,  semihard,  ovate;  germ  mid-sized;  crease  mid-wide,  mid-deep;  cheeks 
rounding:  brush  mid-sized,  mid-long. 

This  variety  is  more  winter  hardy  than  most  of  the  other  soft  red  winter 
wheats  and  is  resistant  to  leaf  rust  and  to  Hessian  fly. 

History.— Kawvale  (reg.  no.  265)  was  developed  at  the  Kansas  Agricul- 
tural Experiment  Station,  Manhattan,  Kans.,  in  experiments  cooperative  with 
the  Division  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry,  United 
States  Department  of  Agriculture.  The  original  selection  was  made  in  1918 
from  Indiana  Swamp,  a  synonym  of  Valley,  by  J.  H.  Parker.     Kawvale  was 
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included  in  rod-row  tests  in  1922  and  in  plot  experiments  in  1926.  It  was 
first  included  in  cooperative  tests  with  farmers  in  Kansas  in  1928.  The  variety 
was  registered  in  1929  (63)  and  released  for  commercial  growing  in  the  fall 
of  1932.  Its  superior  characters  are  high  yield  and  resistance  to  leaf  rust 
and  Hessian  fly  attack. 
Distribution. — Grown  in  Kansas  since  1933. 

EED  INDIAN 

Description. — Red  Indian  is  similar  to  Fulcaster  except  for  having  shorter 
and  stronger  stems. 

History. — The  history  of  this  wheat  is  undetermined.  It  is  a  distinct  strain 
of  Fulcaster  grown  in  Ohio.  Seed  was  obtained  in  September  1927  from  O.  O. 
Pierman,  Ottawa,  Ohio. 

Distribution. — Estimated  area  in  1924,  26,483  acres,  grown  in  Ohio.  It  was 
not  reported  in  1929. 

MAMMOTH  RED 

Description. — Mammoth  Red  is  similar  to  Fulcaster  except  for  being  slightly 
later  and  shorter  and  in  having  a  slightly  larger  and  harder  kernel. 

History. — Mammoth  Red  (reg.  no.  132)  was  first  obtained  by  the  United 
States  Department  of  Agriculture  in  1904  from  the  101  Ranch,  Bliss,  Okla. 
The  wheat  was  distributed  by  the  David  Hardie  Seed  Co.,  Dallas,  Tex.,  in  the 

early  nineties.  In  experiments  at  the  Maryland 
Agricultural  College,  College  Park,  Md.,  it  was  the 
highest  yielding  of  the  many  varieties  tested  over 
a  period  of  years  and  has  been  distributed  from 
that  station  and  from  the  Arlington  Experiment 
Farm,  Rosslyn,  Va. 

Distribution. — Estimated  area  in  1929,  54,385 
acres,  grown  in  Delaware,  Maryland,  Michigan, 
and  Missouri,  as  shown  in  figure  50. 

FULCASTER 

"  r0_ry  tribution   of         Description. — Plant     winter     habit,     midseason, 

Mammoth  Red  wheat  in  mid-tall  to  tall;  stem  purple,  strong;  spike  awned, 
1929.  Estimated  area,  54,-  fusiform,  mid-dense,  inclined ;  glumes  glabrous, 
385  acres.  white,  mid-long,  mid-wide  to  wide;  shoulders  mid- 

wide,  oblique  to  square;  beaks  2  to  8  mm  long; 
awns  3  to  6  cm  long;  kernels  red,  mid-long,  soft,  ovate,  humped;  germ  mid- 
sized; crease  mid-wide,  mid-deep,  sometimes  pitted;  cheeks  usually  angular; 
brush  mid-sized,  mid-long. 

Fulcaster  differs  from  Gipsy  and  Valley  in  having  purple  straw  and  slightly 
shorter  beaks.  A  prominent  characteristic  is  the  orange-colored  stripes  on  the 
glumes.  It  has  long  been  one  of  the  most  popular  and  widely  grown  varieties 
of  soft  red  winter  wheat  in  the  United  States.  A  spike,  glumes,  and  kernels 
of  this  variety  are  shown  in  plate  29,  A. 

History. — According  to  Carleton  (50,  p.  70),  "Fulcaster  (reg.  no.  131)  was 
produced  in  1886  by  S.  M.  Schindel,  of  Hagerstown,  Md.,  and  is  a  hybrid  be- 
tween Fultz  and  Lancaster",  the  latter  being  the  Mediterranean  variety. 

Many  names  have  been  used  for  wheat  similar  to  Fulcaster.  The  earliest 
record  is  under  the  name  "  Dietz."  It  was  first  included  in  the  varietal  ex- 
periments of  the  Ohio  station  in  1884.  The  same  wheat,  however,  apparently 
soon  came  to  be  called  Dietz  Longberry  (15,  p.  591)  and  was  later  known  as 
Dietz  Longberry  Red  (49,  p.  18).  The  true  origin  of  Dietz  Longberry  and  Ful- 
caster is  somewhat  obscure.  The  former  has  the  earlier  published  history. 
However,  according  to  N.  Schmitz,  formerly  of  the  Maryland  Agricultural  Ex- 
periment Station,  Mr.  Schindel  claimed  that  Mr.  Dietz  merely  gave  the  name 
Dietz  Longberry  to  his  Fulcaster  wheat. 

Among  the  other  names  Stoner  and  Miracle  are  most  commonly  used. 
Stoner  cannot  be  distinguished  from  Fulcaster  by  any  character  and  is  here 
considered  merely  a  strain  of  that  variety.     The  history  of  Stoner  has  been 
recorded  by  Ball  and  Leighty  (37,  p.  15). 

Mr.  Stoner  increased  his  seed  during  the  2  years  1905  and  1906  and  dis- 
tributed it  in  1907,  usually  under  the  name  "Miracle."     As  reported  in  De- 
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partment  Bulletin  1074   (59),  many  extravagant  claims  were  made  for  it  by 
Mr.  Stoner  and  agents  who  handled  the  seed. 

Distribution. — The  estimated  area  of  Fulcaster  was  2*576,000  acres  in  1919, 
but  it  decreased  to  1,810,534  acres  in  1924  and  to  1,400,057  acres  in  1929.     This 
acreage  is  shown  in  24  States  in  figure  51.     Virginia,  Missouri,  Illinois,  and 
Maryland     lead     ih     the 
production    of    Fulcaster. 
Important     decreases     in 
acreage  from  1924  to  1929 
occurred  in  Pennsylvania, 
Oklahoma,  Maryland,  In- 
diana, and  Delaware,  ow- 
ing in  part  to  the  increase 
of  Nittany,  a  selection  of 
Fulcaster. 

Synonyms. — Acme,  Ac- 
me Bred,  Bearded  Blue- 
stem,  Bearded  Purple- 
straw,  Blankenship,  Blue 
Ridge,  Bluestem,  Cana- 
dian, Champion,  *  Corn, 
Cumberland  Valley,  Dietz, 
Dietz  Longberry,  Dietz 
Longberry  Red,  Ebersole, 
Egyptian  Amber,  Eversole, 
Farmers  Friend,  Georgia 
Red,  Golden  Chaff,  Gold- 
en King,  Greening,  Im- 
proved Acme,  Ironclad, 
Kansas  Mortgage  Lifter, 
Kentucky  Giant,  Lan- 
caster, Lancaster-Fulcaster,  Lincoln,  Martha  Washington,  Michigan  Red  Line, 
Moore's  Prolific,  Number  10.  Price's  Wonder,  Red  Wonder,  Stoner  (Eden, 
Famine,  Forty-to-One,  Goose,  Half  Bushel,  Kentucky  Wonder,  Marvelous,  Millen- 
nium, Millennium  Dawn,  Miracle,  Multiplier,  Multiplying,  New  Light,  New  Mar- 
vel, Peck,  Russellite,  Russell's  Wonder,  Stooling,  Three  Peck,  Two  Peck, 
Wonderful),  Turkish  Amber,  Tuscan  Island,  Winter  King. 
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Figure    51. — Distribution    of    Fulcaster    wheat    in    1929. 
Estimated  area,  1,400,057  acres. 


V.P.I.    131 


Description. — This    selection    of    Fulcaster   differs   from    Fulcaster   only   in 
having  somewhat  shorter  beaks  and  in  being  more  uniform. 
History. — V.P.I.  131  is  the  result  of  a  plant  selected  in  1905  from  Fulcaster 
by  the  Virginia  Polytechnic  Institute,  Blacksburg,  Va.     It 
was  first  distributed  for  commercial  growing  in  1915. 

Distribution. — Estimated  area  in  1929,  80,135  acres,  grown 
in  Virginia,  Tennessee,  North  Carolina,  and  West  Virginia 
(fig.  52).  It  is  estimated  by  the  Virginia  station  that  250,000 
acres  were  grown  in  1933. 


Figure  52. — Distri- 
bution of  V.P.I. 
131  in  1929.  Es- 
timated area, 
80,135  acres. 


NITTANY    (PENN.  NO.  44) 


Description. — Plant  winter  habit,  midseason  to  late,  tall; 
stem  purple,  mid-strong  to  strong;  spike  awned,  oblong-fusi- 
form, mid-dense,  erect  to  inclined ;  glumes  glabrous,  white, 
mid-long,  wide;  shoulders  mid-wide,  oblique  to  square;  beaks 
2  to  10  mm  long;  awns  3  to  8  cm  long;  kernels  red,  mid-long,  soft,  ovate, 
humped ;  germ  mid-sized ;  crease  wide,  mid-deep,  sometimes  pitted ;  cheeks 
angular;  brush  large,  mid-long.  Spikes,  glumes,  and  kernels  of  Nittany  are 
shown  in  plate  29,  B. 

This  variety  differs  from  Fulcaster  in  being  later  and  taller,  in  having  more 
oblong  spikes  and  slightly  longer  beaks,  and  in  producing  higher  yields  under 
Pennsylvania  conditions. 

History. — Nittany  (reg.  no.  254)  was  developed  (225)  by  the  Pennsylvania 
Agricultural  Experiment  Station,  State  College,  Pa.  It  is  the  result  of  a 
plant  selection  from  Fulcaster  made  in  1909  by  C.  F.  Noll.    This  variety  has 
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been  grown  commercially  in  Pennsylvania  since  1918  as  Penn.  No.  44,  or 
Nittany.  It  was  registered  (63)  in  1927.  Its  advantages  are  high  yield  and 
good  breadmaking  qualities.  Nittany  is  best  adapted  to  soils  of  medium 
fertility. 

Distribution. — Estimated  area  in  1929,  398,312  acres,  grown  in  9  States,  as 
shown  in  figure  53. 

Synonym. — Penn.  No.  44. 

GOLDEN  CROSS 

Description. — Plant  winter  habit,  midseason  to 
late,  short  to  mid-tall;  stem  purple,  mid-strong, 
coarse;  spike  awned,  oblong  to  clavate,  dense, 
erect  to  inclined ;  glumes  glabrous,  white,  mid-long, 
mid-wide  to  wide;  shoulders  mid-wide,  oblique  to 
elevated ;  beaks  2  to  15  mm  long ;  awns  3  to  6  cm 
long;  kernels  pale  red,  short  to  mid-long,  soft, 
usually  oval ;  germ  mid-sized ;  crease  mid-wide  to 
wide,  mid-deep;  cheeks  angular;  brush  mid-sized, 
mid-long. 

This  variety  is  distinguished  by  its  clavate  spike. 

History. — Golden  Cross  (reg.  no.  134)  was  origi- 

Figueb  53.— Distribution  of     nated  b*  A-  N-  Jones'  of  Newark,  N.Y.,  in  1886. 

Nittany    in    1929.      Esti-      According   to    Mr.    Jones'    stationery,    it    was    the 

mated  area,  398,312  acres.      first  wheat  which  he  produced.     Peter  Henderson 

&  Co.  (110)  advertised  and  distributed  the  variety 

in  1888,  claiming  it  to  be  a  cross  between  Mediterranean  and  Clawson. 

Distribution. — Estimated  area  in  1929,  111  acres,  grown  in  Wisconsin. 

marvel 

Description. — Plant  spring  habit,  midseason  to  late,  tall;  stem  white,  mid- 
strong;  spike  awned,  linear-fusiform,  lax,  erect  to  inclined,  easily  shattered; 
glumes  glabrous,  white,  mid-long,  mid-wide;  shoulders  narrow,  rounded  to 
elevated ;  beaks  1  to  2  mm  long ;  awns  3  to  8  cm  long ;  kernels  red,  mid-long, 
soft  to  semihard,  ovate ;  germ  mid-sized ;  crease  mid-wide,  mid-deep  to  deep ; 
cheeks  angular;  brush  mid-sized,  mid-long. 

Marvel  is  very  susceptible  to  bunt,  shatters  easily,  and  is  of  inferior  quality. 

History. — Originated  by  T.  G.  Overby,  near  Mellette,  S.Dak.,  who  claims 
that  it  is  the  result  of  a  cross  between  Velvet  Chaff  (Preston)  and  Marquis. 
It  was  distributed  by  Mr.  Overby  for  commercial  growing  in  1928. 

Distribution. — Estimated  area  in  1929,  3,083  acres,  in  South  Dakota  and 
North  Dakota. 

Synonym. — Overby. 

JAVA 

Description. — Plant  spring  habit,  early,  mid-tall;  stem  white,  slender,  mid- 
strong;  spike  awned,  fusiform,  mid-dense,  inclined,  easily  shattered;  glumes 
glabrous,  white,  mid-long  to  long,  narrow  to  mid-wide ;  shoulders  wanting  to 
narrow,  oblique;  beaks  2  to  15  mm  long;  awns  2  to  8  cm  long;  kernels 
red,  mid-long,  soft,  ovate  to  elliptical,  pointed ;  germ  small  to  mid-sized ;  crease 
mid-wide,  mid-deep ;  cheeks  usually  angular ;  brush  mid-sized,  mid-long,  slightly 
collared. 

The  above  is  the  description  of  the  most  common  type  of  Java,  which  usually 
is  distinguished  by  its  long  beaks.  There  are  many  types  in  the  Java 
variety  as  grown  in  the  field,  including  both  hard  and  soft  kernels,  white  and 
brown  glumes,  and  various  lengths  of  beaks. 

History. — Java  (reg.  no.  136)  is  probably  one  of  the  oldest  spring  varieties 
grown  in  the  United  States.  It  apparently  was  first  known  as  "  Siberian  ",  con- 
cerning which  the  following  was  recorded  in  1837  (1)  : 

" '  Cultivator '  says :  '  Received  sample  from  Dr.  Goodsell,  of  Utica,  said  to 
have  come  from  Switzerland.'  " 

A  Siberian  variety  was  also  reported  from  Farmville,  Va.,  in  1849  (1^8,  p. 
132)  : 

"  Wheat.— The  favorite  varieties  of  this  grain  are,  first,  The  Turkey,  called 
also  Siberian  wheat.    A  small  parcel  of  this  was  brought  from  South  Carolina 
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PLATE   29 


Fulcaster  (A)  and  Nittany  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Plate  30 


Minturki  (A)  and  Blackhull  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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by  the  late  Rev.  James  Wharey  and  divided  between  the  late  Captain  Pemberton 
and  myself." 

China  Tea,  sometimes  referred  to  as  Black  Tea,  is  also  identical  with  Java 
and  has  the  following  history,  as  reported  by  Klippart   (138,  p.  758)  : 

"  Some  12  years  since  (1845)  there  was  found  by  a  merchant  in  Petersburg, 
Rensselaer  County,  N.Y.,  6  or  7  kernels  of  this  kind  of  wheat,  in  a  chest  of 
black  tea,  which  was  sown." 

China  Tea  was  listed  in  1863,  in  a  report  of  the  standing  committee  of 
the  Iowa  Agricultural  Society,  as  the  first  spring-wheat  variety  preferred  by 
growers  (78,  p.  518).  This  fact,  together  with  the  identity  of  the  samples 
grown  by  the  writers  and  the  importance  of  Java  in  Iowa,  indicates  that 
Java  is  simply  a  new  name  for  the  China  Tea  variety. 

The  name  "  Java  "  has  been  used  since  at  least  1861,  as  the  following  was 
published  under  that  date  in  the  Genesee  Farmer  (3)  : 

"  Java  Wheat. — According  to  a  correspondent  of  the  Country  Gentleman, 
this  variety  of  spring  wheat  was  introduced  into  this  country  in  the  following 
singular  manner.  A  woman  who  was  roasting  some  Java  coffee  found  among 
it  a  grain  of  wheat,  which  she  planted ;  saved  the  product  and  planted  again, 
and  so  on  for  3  years,  when  she  distributed  the  seed  among  her  friends, 
who  all  reported  that  it  was  an  excellent  variety." 

In  1899  Wallaces'  Farmer,  of  Des»  Moines,  Iowa,  published  several  short 
articles  on  the  desirability  of  growing  early  varieties  of  wheat  and  oats. 
A  request  was  made  to  their  readers  to  report  any  variety  of  spring  wheat 
that  was  grown  that  would  ripen  in  Iowa  by  the  Fourth  of  July.  Among  sev- 
eral of  the  varieties  that  were  reported  was  the  Early  Java,  from  C.  F.  Mor- 
ton, southeastern  Nebraska  (18).  As  a  result  of  this  request,  Java  wheat  was 
grown  in  1900  at  the  Iowa  Agricultural  Experiment  Station,  Ames,  Iowa,  and 
on  the  farm  of  M.  E.  Ashby,  living  5  miles  north  of  Des  Moines.  For  several 
years  Wallaces'  Farmer  entered  into  an  active  campaign  for  the  distribution 
of  Java  wheat.  The  variety  thus  became  quite  widely  grown  in  that  State. 
In  1920  Wallaces'  Farmer  published  a  brief  history  of  the  cultivation  of  Java 
wheat  in  Iowa  (25). 

An  early  strain  of  Java,  known  as  Kearney  County,  is  grown  at  experi- 
ment stations  in  Nebraska. 

Distribution. — Estimated  area  in  1929,  17.479  acres,  in  Illinois,  Iowa,  North 
Dakota,  and  Nebraska. 

Synonyms. — Black  Tea,  China  Tea,  Dixie,  Early  Iowa,  Early  Java,  Siberian, 
Swedish,  Tea  Leaf. 

PROGRESS 

Description. — Plant  spring  habit,  early,  mid-tall;  stem  white,  mid-strong; 
spike  awned,  fusiform,  mid-dense,  erect  to  inclined ;  glumes  glabrous,  white, 
long,  narrow ;  shoulders  narrow,  rounding  to  elevated ;  beaks  2  to  10  mm  long ; 
awns  2  to  8  cm  long ;  kernels  red,  mid-long,  soft  to  semihard,  ovate ;  germ  mid- 
sized ;  crease  narrow  to  mid-wide,  shallow ;  cheeks  rounded ;  brush  mid-sized, 
short. 

Progress  is  resistant  to  stem  rust,  but  its  kernels  are  softer  than  those  of  the 
hard  red  spring  varieties  and,  although  high  in  protein  content,  it  usually 
produces  bread  of  low  loaf  volume. 

History. — Progress  (reg.  no.  234)  was  developed  at  the  Marshfield  branch 
station  of  the  Wisconsin  Agricultural  Experiment  Station.  It  is  the  result  of 
a  plant  selection  from  a  field  of  Java  wheat  made  by  E.  J.  Delwiche  in  1916. 
It  was  distributed  for  commercial  growing  in  1921.  It  was  registered  as  an  im- 
proved variety  in  1926  (58)  because  of  its  high  yield  at  the  Ashland  and  Marsh- 
field  stations  and  its  resistance  to  stem  rust. 

Distribution. — Estimated  area  in  1929,  33,193  acres,  grown  in  Wisconsin, 
North  Dakota,  and  Illinois. 

Synonyms. — Canadian  Progress,  Nordhaugen,  Prosper. 

CONVERSE 

Description. — Plant  spring  habit,  midseason,  mid-tall  to  tall;  stem  white, 
mid-strong;  spike  awned,  fusiform,  mid-dense,  inclined  to  nodding;  glumes 
glabrous,  white,  mid-long,  narrow;  shoulders  wanting  to  narrow,  oblique  to 
elevated ;  beaks  3  to  20  mm  long ;  awns  3  to  8  cm  long ;  kernels  pale  red,  mid- 
long,  soft  to  semihard,  ovate,  humped,  acute  at  base ;  germ  mid-sized ;  crease 
mid-wide,  mid-deep ;  cheeks  usually  angular ;  brush  mid-sized,  short  to  mid-long. 
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History. — The  origin  of  Converse  (reg.  no.  138)  is  undetermined.  The  sample 
here  described  was  obtained  in  1908,  and  the  wheat  had  doubtless  been  grown 
for  several  years  before  that  year  under  the  name  Red  Russian.  The  variety 
was  renamed  in  1920  (62,  p.  6)  and  the  following  information  recorded: 

"  The  name  Converse  is  here  given  to  a  commercial  variety  of  spring  wheat 
grown  in  Wyoming  under  the  name  Red  Russian.  The  name  Red  Russian 
is  used  for  three  other  varieties  in  the  United  States,  so  a  new  name  has  been 
selected  for  this  variety.  The  original  sample  (C.I.  4141)  was  obtained  by  a 
representative  of  the  Department  of  Agriculture  from  Converse  County,  Wyo., 
hence  the  name." 

Distribution. — Estimated  area  in  1929,  2,224  acres,  in  Colorado. 

Synonym. —  Red  Russian. 

MINTTJRKI 

Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  weak; 
spike  awned,  fusiform,  mid-dense,  inclined;  glumes  glabrous,  yellowish  white, 
mid-long,  narrow;   shoulders  wanting  to  narrow,  oblique;   beaks  1  to  5  mm 

long ;  awns  4  to  8  cm  long ;  kernels 
red,    mid-long,    semihard,    ovate   to 
elliptical ;  germ  small ;  crease  nar- 
row,   shallow    to    mid-deep ;    cheeks 
rounded ;  brush  small,  mid-long.     A 
spike,  glumes,  and  kernels  of  Min- 
turki  wheat  are  shown  in  plate  30,  A. 
This  variety  is  very  winter  hardy 
and  is  moderately  resistant  to  stem 
rust  and  bunt.    It  resembles  Turkey 
except    for    having    softer    kernels 
and  being  more  winter  hardy. 
History. — Minturki  (reg.  no.  139) 
Figure  54.— Distribution  of  Minturki  wheat  in      is    the    result    of    a    cross    between 
1929.    Estimated  area,  89,028  acres.  Odessa    and    Turkey,    made   at    the 

Minnesota  Agricultural  Experiment 
Station,  University  Farm,  St.  Paul,  in  1902,  during  the  time  W.  M.  Hays  was  in 
charge  of  plant  breeding  there.  Of  the  many  selections  made  from  the  progeny 
of  this  cross  two  have  shown  sufficient  value  to  be  named  and  distributed  by  the 
Minnesota  station.  This  selection  was  first  known  as  "  Minnesota  No.  1507  " 
but  was  named  Minturki  in  1919  (107,  pp.  17-28)  when  it  was  first  distributed. 
Distribution. — Estimated  area  in  1929,  89,028  acres,  in  six  States,  as  shown 
in  figure  54.  Since  1931,  the  acreage  in  Minnesota  alone  has  been  estimated  by 
the  Minnesota  station  at  150,000  acres. 
Synonym. — Minnesota  No.  1507. 

SHERMAN 

Description. — Plant  winter  habit,  midseason,  mid-tall ;  stem  white,  mid-strong 
to  strong ;  spikes  awned,  fusiform,  mid-dense  to  lax,  inclined ;  easily  shattered ; 
glumes  glabrous,  yellowish  white,  mid-long,  narrow ;  shoulders  wanting  to  nar- 
row, oblique  to  square ;  beaks  3  to  30  mm  long ;  awn  3  to  8  cm  long ;  kernels  red, 
mid-long,  semihard,  ovate  to  elliptical;  germ  small;  crease  narrow,  shallow; 
cheeks  rounded ;  brush  mid-sized,  mid-long. 

Thiu  variety  differs  from  Turkey  chiefly  in  having  stronger  stems,  more 
easily  shattered  glumes,  longer  beaks,  and  softer  kernels,  and  in  being  resistant 
to  some  forms  of  bunt. 

History. — Sherman  (reg.  no.  249)  was  developed  in  experiments  cooperative 
between  the  Division  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry, 
United  States  Department  of  Agriculture,  and  the  Oregon  Agricultural  Experi- 
ment Station  at  the  Sherman  County  Branch  Station  at  Moro.  It  is  the  result 
of  a  double  cross  between  Budapest X  Turkey  and  Zimmerman  X  Turkey,  made 
about  1908  by  M.  A.  Carleton.  The  selection  resulting  in  Sherman  was  made  in 
1915  by  J.  A.  Clark  at  Moccasin,  Mont. 

Experiments  at  Moro  have  shown  that  it  is  resistant  to  some  forms  of  bunt 
and  yields  well.  It  was  distributed  in  southern  Idaho  by  the  Idaho  Agricul- 
tural Experiment  Station  in  1928. 

Distribution. — Estimated  area  in  1929,  1,266  acres,  in  Oneida  and  Ada  Coun- 
ties in  southern  Idaho. 
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EARLY   BLACKHULL 

Description. — Early  Blackhull  differs  from  Blackhull  principally  In  being 
about  8  days  earlier  and  somewhat  shorter.  In  comparative  experiments  Early 
Blackhull  has  been  less  hardy  and  also  has  yielded  less  than  Blackhull. 

History. — Early  Blackhull  was  selected  from  a  field  of  Blackhull  in  1921  by 
A.  P.  Haeberle,  of  Clearwater,  Kans.  Owing  to  various  vicissitudes  seed  in- 
crease was  slow.  In  1928  Mr.  Haeberle  had  a  40-acre  field.  In  December  1933 
he  reported  that  960  bushels  of  seed  had  been  sold  during  the  past  3  years. 

Distribution. — Estimated  area  in  1929,  248  acres,  grown  in  Kansas.  Since 
1929  its  acreage  has  increased. 

Synonym. — Early  Hardy    (Blackhull). 

BLACKHULL 


Description. — Plant  winter  habit,  early  to  midseason,  mid-tall ;  stem  white, 
mid-strong ;  spike  awned,  fusiform,  mid-dense,  inclined ;  glumes  glabrous,  white, 
usually  with  black  stripes,  mid-long,  mid-wide;  shoulders  wanting  to  narrow, 
oblique ;  beaks  1  to  3  mm 
long;    awns   2  to  7   cm 
long,    sometimes    black ; 
kernels     red,     mid-long, 
semihard  to  hard,  usual- 
ly elliptical ;  germ  small ; 
crease  narrow,  shallow; 
cheeks    rounded ;    brush 
mid-sized,    mid-long.     A 
spike,  glumes,  and  ker- 
nels are  shown  in  plate 
30,  B. 

This  variety  is  a  few 
days  earlier  than  Tur- 
key and  has  a  softer 
kernel.  It  is  distinctly 
less  hardy  than  Turkey. 
Except  under  certain 
unfavorable  weather  con- 
ditions, the  glumes  of 
Blackhull  have  black 
stripes  on  the  surface 
or  sometimes  are  almost 
entirely  black. 

History. — Blackhull  (reg.  no.  142)  was  originated  by  Earl  G.  Clark  (5Jt), 
of  Sedgwick,  Kans.,  as  a  selection  from  a  field  of  Turkey.    He  states : 

"  The  Clark's  Black  Hull  wheat  is  a  wonderful  hardy  variety  of  wheat  that 
I  have  developed  from  three  black  heads  found  in  1912.  It  has  proven  superior 
to  all  other  varieties  of  winter  wheat." 

The  variety  was  first  distributed  by  Mr.  Clark  in  the  fall  of  1917. 

Distribution. — The  estimated  area  of  Blackhull  increased  from  a  few  acres 
in  Harvey  County,  Kans.,  in  1919  to  1,519,992  acres  in  1924  and  to  5,959,067 
acres  in  1929.  This  acreage  was  reported  from  11  States  and  is  shown  in 
figure  55.  There  has  been  some  decrease  in  acreage  since  1929.  The  States  of 
Kansas,  Oklahoma,  and  Texas  have  the  largest  acreages. 

Synonyms.— Black  Chaff,  Clark's  Black  Hull,  Clark's  Black  Hulled. 


FlODBS  55. — Distribution  of  Blackhull  wheat  in  1929.    Esti- 
mated area,  5,959,067  acres. 


SUPERHARD    (SUPER-HABD  BLACKHULL) 


Description. — This  variety  is  identical  with  Blackhull  except  for  slightly 
harder  kernels  and  poorer  milling  and  baking  quality. 

History. — Superhard  is  the  result  of  a  selection  made  from  Blackhull  by 
Earl  G.  Clark,  Sedgwick,  Kans.,  the  originator  of  Blackhull.  In  1920,  while 
picking  a  sample  of  Blackhull  for  exhibit  entry,  Mr.  Clark  saved  250  kernels 
that  seemed  to  be  very  hard  and  dark  in  color.  These  kernels  were  spaced 
individually  and  at  harvest  in  1921  only  the  70  better  plants  were  saved. 
These  70  selections  were  seeded  in  individual  rows  in  the  fall  of  1921.  In 
the  fall  of  1922  the  best  appearing,  hardest-kerneled  strain  was  seeded  along 
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with  21  other  selections.  According  to  Mr.  Clark,  this  selection  was  again 
outstanding  in  1923.  It  was  named  "  Super-Hard  Blackhull "  and  put  on  the 
market  in  1925.  The  variety  spread  rapidly  and  became  widely  grown  in  south- 
central  Kansas  and  adjacent  areas.  It  became  mixed  with  Blackhull  and, 
owing  to  the  similarity  of  the  varieties,  it  is  hard  to  tell  which  one  is  being 
grown. 

Distribution. — Estimated  acreage  in  1929,  99,635  acres,  grown  in  Kansas, 
Nebraska,  and  Oklahoma,  as  shown  in  figure  56. 

Synonym. — Super-Hard  Blackhull. 

REGAL 

Description. — Plant  winter  habit,  midseason,  mid-tall; 
stem  purple,  weak ;  spike  awned,  fusiform,  mid-dense, 
inclined;  glumes  glabrous,  white,  mid-long,  mid-wide; 
shoulders  wanting  to  narrow,  oblique ;  beaks  1  to  2  mm 
long;  awns  3  to  8  cm  long;  kernels  red,  mid-long,  semi- 
hard to  hard,  ovate  to  elliptical ;  germ  small ;  crease  nar- 
Figure  56. — Distribu-  row  to  mid-wide,  mid-deep  ;  cheeks  rounded ;  brush  small, 
tion    of    Superhaxd       mid-long. 

ttmatedarea,  99,635  Regal   differs   from   Turkey   in   having   purple   stems, 

acres.  shorter  beaks,  and  softer  kernels  and  in  being  resistant 

to  some  forms  of  bunt  and  less  winter  hardy. 
History. — Regal  (reg.  no.  250)  was  developed  in  cooperative  experiments 
of  the  Division  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry,  United 
States  Department  of  Agriculture,  and  the  Oregon  Agricultural  Experiment 
Station  at  Moro,  Oreg.  It  resulted  from  a  purple-stem  plant  selected  by  H.  M. 
Woolman  and  D.  E.  Stephens  in  1921  from  Turkey  selection  (C.I.  7363).  Turkey 
(C.I.  7363),  originally  carried  as  C.I.  1571c,  was  in  turn  a  selection  from  C.I. 
1571. 

Regal  was  registered  in  1926  (58)  as  an  improved  variety  because  of  its 
resistance  to  some  forms  of  bunt,  yielding  ability  at  Moro,  Oreg.,  and  purple 
stems,  which  latter  are  an  advantage  in  maintaining  purity  for  seed  certifica- 
tion. It  was  distributed  from  the  Sherman  County  Branch  Station  in  1926  and 
was  grown  to  a  limited  extent  in  Sherman  County,  Oreg.,  and  on  the  dry  lands 
in  southern  Idaho.  However,  it  proved  not  to  be  resistant  to  the  bunt  forms 
prevalent  in  southern  Idaho  and  is  now  seldom  grown  in  this  area. 

Distribution. — Estimated  area  in  1929,  513  acres,  in  Oneida  County,  Idaho. 

WISCONSIN   PEDIGREE    NO.    2 

Description. — This  variety  differs  from  Turkey  in  sometimes  having  faintly 
purple  stems  and  slightly  softer  kernels.  The  purple  stems  are  not  usually 
apparent  under  Wisconsin  conditions. 

History. — Wisconsin  Pedigree  No.  2  (reg.  no.  148)  is  a  selection  of  Turkey 
wheat  developed  by  the  Wisconsin  Agricultural  Experiment  Station  and  dis- 
tributed by  it  as  a  high-yielding  strain  since  the  fall  of  1918. 

Distribution. — Estimated  area  in  1929,  3,948  acres,  in  Wisconsin  and  In- 
diana. 

COOPERATORKA 

Description. — Plant  winter  habit,  midseason,  mid-tall  to  tall;  stem  faintly 
purple,  mid-strong ;  spike  awned,  fusiform,  mid-dense,  nodding ;  glumes  glabrous, 
white,  mid-long,  narrow  ;  shoulders  wanting  to  narrow,  oblique  to  elevated  ;  beaks 
3  to  10  mm  long ;  awns  5  to  9  cm  long ;  kernels  red,  mid-long,  semihard  to  hard, 
ovate  to  elliptical ;  germ  small ;  crease  mid-wide,  mid-deep ;  cheeks  rounded ; 
brush  mid-sized,  mid-long. 

This  variety  differs  from  Turkey  principally  in  being  taller  and  later,  in 
having  purple  stems  and  softer  kernels,  and  in  being  slightly  less  winter  hardy. 
It  is  also  resistant  to  some  forms  of  bunt. 

History. — Cooperatorka  (0194)  was  introduced  from  the  Odessa  Experiment 
Station,  Russia,  in  1928  by  J.  W.  Pincus,  seed  division  of  the  Amtorg  Trading 
Corporation*  New  York  City.  The  seed  was  distributed  with  other  varieties  in 
quantities  of  from  20  pounds  to  a  bushel  to  experiment  stations  and  seed  grow- 
ers in  the  United  States.    R.  M.  Woodruff,  seed  grower,  of  Pratt,  Kans.,"  intro- 

»T  Woodruff,  R.  M.     23-page  pamphlet  on  wheat  varieties.     No  date.     Pratt,  Kans. 
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duced  the  variety  from  Russia  in  1927.  He  increased  seed  and  sold  it  as 
Kooperatka  in  Kansas.  The  acreage  now  grown  is  the  result  of  this  latter 
distribution. 

Distribution— Grown  in  Kansas  and  Oklahoma  since  1930. 

Synonyms. — Kooperatka,  Kooperatorka. 

iowin 

Description. — Plant  winter  habit,  midseason  to  late;  mid-tall  to  tall;  stem 
purple  and  white,  mostly  purple,  mid-strong ;  spike  awned,  fusiform,  mid-dense, 
nodding ;  glumes  glabrous,  white,  mid-long,  mid-wide ;  shoulders  mid-wide, 
oblique  to  elevated ;  beaks  5  to  25  mm  long ;  awns  5  to  9  cm  long ;  kernels  red, 
mid-long,  semihard  to  hard,  elliptical ;  germ  small ;  crease  mid-wide,  mid- 
deep  ;  cheeks  rounded ;  brush  mid-sized,  mid-long. 

Iowin  differs  from  Turkey  in  being  taller  and  later,  in  having  longer  beaks, 
purple  stems,  and  slightly  softer  kernels,  and  in  being  resistant  to  stem  rust. 

History. — Iowin  (reg.  no.  267)  was  developed  by  the  Iowa  Agricultural  Ex- 
periment Station.  It  is  the  result  of  a  plant  selection  from  Theiss  wheat  made 
by  L.  C.  Burnett.  It  was  first  commercially  grown  and  registered  (56)  in 
1930.  The  advantages  of  Iowin  are  rust  resistance  and  high  yield  under  Iowa 
conditions. 

Distribution. — Grown  in  Iowa  since  1930. 


Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  weak; 
spike  awned,  fusiform,  mid-dense  to  lax,  nodding ;  glumes  glabrous,  white,  mid- 
long,  narrow ;  shoulders  wanting  to  narrow,  rounding  to  oblique ;  beaks  1  to  2 
mm  long ;  awns  3  to  10  cm  long ;  kernels  red,  mid-long,  hard,  ovate  to  elliptical ; 
germ  small ;  crease  narrow,  mid-deep ;  cheeks  rounded ;  brush  small,  mid-long. 

Yogo  is  very  winter  hardy,  resistant  to  some  forms  of  bunt,  and  high  yielding 
in  some  sections  of  the  northern  Great  Plains.  It  is  easily  distinguished  from 
Turkey  wheat  by  its  lax,  nodding  spikes. 

History. — Yogo  (reg.  no.  272)  was  produced  from  a  cross  (Minturki  X 
Beloglina)  X  Buffum  made  in  1919  at  the  Kansas  Agricultural  Experiment 
Station,  Manhattan,  Kans.,  in  a  winter-hardiness  breeding  program,  cooper- 
ative with  the  Division  of  Cereal  Crops  and  Diseases,  United  States  Depart- 
ment of  Agriculture.  Head  selections  made  from  bulk  progenies  of  the  cross 
grown  at  the  Judith  Basin  Branch  Station,  Moccasin,  Mont.,  in  1923  resulted 
in  Yogo.  The  variety  was  first  tested  on  farms  in  Montana  in  the  fall  of 
1932,  in  which  year  it  was  registered  (56)  as  an  improved  variety.  The  superior 
characters  were  high  yield,  winter  hardiness,  and  bunt  resistance. 

Distribution. — Grown  in  Montana  since  1933. 

CHEYENNE 

Description. — Plant  winter  habit,  midseason,  short  to  mid-tall;  stem  white, 
slender,  strong ;  spike  awned,  oblong-fusiform,  dense,  erect ;  glumes  glabrous, 
while,  mid-long,  mid-wide;  shoulders  mid-wide  to  wide,  oblique  to  elevated; 
beaks  1  to  3  mm  long ;  awns  3  to  8  cm  long ;  kernels  red,  mid-long,  hard,  ovate 
to  elliptical ;  germ  small ;  crease  mid-wide,  mid-deep ;  cheeks  rounding  to  angu- 
lar;  brush  mid-sized,  mid-long. 

This  variety  differs  from  Turkey  principally  in  having  shorter  and  stronger 
stems,  denser  and  more  erect  spikes,  wider  shoulders,  and  shorter  beaks,  in 
being  more  tolerant  of  Hessian-fly  attack,  and  in  having  weaker  breadmaking 
properties. 

History. — Cheyenne  (reg.  no.  269)  is  the  result  of  a  plant  selected  from 
Crimean  (C.I.  1435)  in  1922  at  the  Nebraska  Agricultural  Experiment  Station, 
Lincoln,  Nebr.  The  new  variety  was  included  in  plot  jtests  at  Lincoln  in  the 
fall  of  1927  and  distributed  to  farmers  in  1930  as  Nebraska  No.  50.  It  was 
registered  (56)  as  an  improved  variety  in  1931  because  of  its  stiff  straw, 
resistance  to  shattering,  and  high  yields.  The  seed  originally  distributed 
became  mixed,  and  a  purified  seed  supply  was  named  Cheyenne  and  made 
available  in  1933. 

Distribution. — Grown  in  Nebraska  since  1930. 

Synonyms. — Fly  Proof,  Nebraska  No.  50. 
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Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  slender, 
weak ;  spike  awned,  fusiform,  mid-dense,  inclined ;  glumes  glabrous,  white, 
mid-long,  mid-wide;  shoulders  wanting  to  narrow,  oblique;  beaks  2  to  8  mm 
long;  awns  3  to  8  cm  long;  kernels  dark  red,  mid-long,  hard,  ovate  to  elliptical ; 
germ  small ;  crease  narrow  to  mid- wide,  mid-deep ;  cheeks  rounded ;  brush 
small,  mid-long. 

This  variety  is  winter-hardy  and  drought  resistant.  The  first  leaves  are 
rarrow  and  of  a  dark-green  cqlor.  The  kernels  are  usually  distinguishable  be- 
cause of  their  dark-red  color  and  small  germ.  A  spike,  glumes,  and  kernels 
of  Turkey  wheat  are  shown  in  plate  31,  A. 

History. — Turkey  (reg.  no.  143)  is  the  name  most  commonly  used  for  the 
Crimean  group  of  hard  winter  wheats  grown  in  the  United  States.  Many 
histories  of  this  wheat  have  been  written.  That  recorded  by  Carleton  (51, 
pp.  398-399)  is  given  here,  however,  as  he  introduced  many  strains  and  spent 
much  time  in  an  attempt  to  determine  accurately  the  history  of  the  wheat. 

"  The  original  home  of  hard  winter  wheat  is  in  the  area  of  Russia  just 
north  and  east  of  the  Black  Sea  and  north  of  the  Caucasus  Mountains.  The 
area  includes  chiefly  the  governments  of  Taurida  (including  the  Crimea), 
Ekaterinoslav,  Kharkof,  and  Stavropol,  and  the  Don  and  Kuban  territories. 
In  that  region  the  wheat  is  generally  called  simply  winter  wheat,  but  is  known 
locally  by  various  names  as  Krimka  (Crimean),  Kharkof,  Beloglina,  Ulta, 
Torgova,  etc.      *      *      * 

"  The  history  of  hard  winter  wheat  in  the  United  States  is  closely  associated 
with  the  movement  of  Russian  Mennonite  immigrants  to  the  middle  Great 
Plains.  These  people  originally  went  from  west  Prussia  to  southern  Russia 
about  1770  because  of  certain  land  grants  and  civil  privileges  offered  by  the 
Government  under  Empress  Catherine.  One  hundred  years  later  their  descend- 
ants desiring  further  advantages  to  be  obtained  in  America  emigrated  to  the 
middle  Great  Plains  and  settled  principally  in  Kansas.  The  greater  number 
were  from  the  Molochna  colonies  in  northern  Taurida,  but  some  were  from 
the  Crimea  proper  and  others  from  Ekaterinoslav.  The  first  settlements  in 
Kansas  were  made  in  1873,  near  Newton,  Halstead,  and  Moundridge.  Each 
family  brought  over  a  bushel  or  more  of  Crimean  wheat  for  seed,  and  from 
this  seed  was  grown  the  first  crop  of  Kansas  hard  winter  wheat.  Bernard 
Warkentin,  a  miller,  who  erected  mills  at  Newton  and  Halstead,  was  chiefly 
instrumental  in  introducing  the  Turkey  wheat,  but  in  this  pioneer  movement 
of  the  Mennonites  two  other  men  were  associated — Christian  Krehbiel,  first 
a  farmer,  but  who  later  in  1886  erected  a  mill  at  Moundridge,  and  C.  B.  Schmidt, 
acting  as  immigration  agent  for  the  Santa  Fe  Railroad." 

Crimean  is  the  name  properly  used  for  this  whole  group  of  hard  red  winter 
wheats.  It  also  has  been  used  as  a  varietal  name  for  separate  introductions. 
The  first  introduction  of  the  wheat  under  this  name  is  thought  to  have  been 
made  by  Carleton  in  1900  (215,  F.P.I.  5635)  from  Kurman-Kemelchi,  Central 
Crimea,  Russia.  Many  other  names  have  been  used  for  wheat  similar  to 
Turkey. 

Kharkof,  for  the  most  part,  is  a  wheat  morphologically  identical  with 
Turkey.  Several  introductions  were  made  which  came  from  a  region  much 
farther  north,  and  it  was,  therefore,  thought  to  be  a  much  more  winter-hardy 
wheat  than  Turkey.  The  Kharkof  wheat  was  first  introduced  into  the  United 
States  by  M.  A.  Carleton  in  1900,  from  Starobelsk,  Kharkof,  Russia  (215,  F.P.I. 
5641;  C.I.  1442).  Two  other  strains  (F.P.I.  7467,  C.I.  1583;  and  F.P.I.  7786, 
C.I.  2193,  or  C.I.  6206)  were  obtained  in  1901  through  A.  Boenicke,  president 
of  the  Kharkof  Agricultural  Society.  The  latter  of  these  two  introductions 
contained  a  considerable  portion  of  long-beaked  strains  more  similar  to  Beloglina 
than  the  true  Kharkof.  A  fourth  lot  of  Kharkof  (F.P.I.  9125,  C.I.  2208),  con- 
sisting of  450  bushels,  was  received  in  1902  from  the  Starobelsk  district 
through  E.  A.  Bessey.  For  several  years  these  strains  of  Kharkof  wheat 
gave  slightly  better  results  than  the  ordinary  Turkey  wheat  of  Kansas  and 
became  quite  widely  distributed  in  that  State,  as  well  as  in  Wyoming  and 
Montana.  In  recent  years,  however,  little  difference  in  hardiness  or  yield  has 
been  observed,  except  in  northern  Wyoming  and  in  Montana,  where  it  still 
consistently  yields  better  than  Turkey. 
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Malakof  is  a  name  under  which  many  strains  of  Crimean  wheat  have  been 
introduced  and  grown.  Wheat  of  this  name  is  thought  to  have  been  first 
distributed  by  the  Ratekin  Seed  Co.,  Shenandoah,  Iowa,  in  the  early  nineties 
from  seed  that  was  said  to  have  come  from  Russia. 

Distriibutwn. — The  acreage  of  Turkey  wheat  in  1929,  including  that  grown 
under  the  name  Kharkof  and  many  other  synonyms,  is  shown  in  figure  57. 
Turkey  is  the  most  widely  grown  variety  and  was  reported  from  28  States.  In 
1929  it  occupied  15,925,677  acres,  or  25.69  percent  of  the  total  wheat  acreage. 
In  1919  it  occupied  21,598,200  acres,  comprising  29.63  percent  of  all  wheat,  and 
in  1924,  14,332,147  acres,  comprising  28.18  percent  of  all  wheats. 

In  1929  Kharkof  was  reported  in  18  of  the  28  States  reporting  Turkey,  the 
total  estimated  area  being  383,243  acres.  This  is  only  2.4  percent  of  the  reported 
total  acreage  of  Turkey. 

Synonyms. — Alberta  Red,  Argentine,  Bulgarian,  Crimean,  Defiance,  Egyptian, 
Hard  Winter,  Hundred-and-One,  Hungarian,  Improved  Turkey,  Kharkofr  Lost 
Freight,  Malakof,  Malcome,  Minnesota  Red  Cross,  Minnesota  Reliable,  Pioneer 
Turkey,  Red  Russian,  Red  Winter,  Romanella,  Russian,  Tauranian,  Theiss, 
Turkey  Red,  Turkish  Red,  Ulta,  Wisconsin  No.  18,  World's  Champion,  Zuni. 
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Figukb  57. — Distribution  of  Turkey  wheat  in  1929.     Estimated  area,   15,925,677  acres. 

EAGLE    CHIEF 

Description. — Eagle  Chief  is  a  mixture  or  a  segregating  population  from  a 
field  cross  of  Turkey  and  Fulcaster  or  some  other  soft  wheat. 

History. — About  1902  the  Santa  Fe  Railroad  Co.  distributed  small  lots  of 
Kharkof  wheat  at  Alva,  Okla.  C.  H.  Hyde,  of  Alva,  grew  this  wheat  and  in 
1920  selected  some  stiff-strawed  plants  from  a  field  while  harvesting.  Concern- 
ing the  origin  of  Eagle  Chief,  Mr.  Hyde  says : 18 

"  I  noticed  occasionally  over  the  field,  10  or  15  rods  apart,  a  bunch  of  wheat 
standing  up  and  upon  examination  found  that  most  of  it  had  four  grains  to  the 
mesh  and  that  it  had  very  stiff,  coarse  straw  and  the  head  showed  different 
than  the  Kharkof  wheat.  I  gathered  all  I  could  find  from  this  unharvested 
wheat,  not  quite  a  gallon  of  threshed  wheat     *     *     *." 

This  seed  was  increased  until  1927,  when  Mr.  Hyde  named  and  distributed 
it,  selling  2,000  bushels.     In  1928  he  had  5,000  bushels  for  sale. 

Distribution. — Estimated  acreage  in  1929,  6,881  acres,  in  Oklahoma. 


w  Leaflet  on  Eagle  Chief  Wheat  by  C  H.  Hyde,  Alva,  Okla.     Aug.  25,  1930. 


L08    TECHNICAL   BULLETIN    45  9,   U.    S.    DEPT.    OF   AGRICULTURE 

ILRED 

Description. — This  selection  from  Turkey  differs  only  in  being  higher  yielding 
and  more  uniform  under  Illinois  conditions. 

History. — Ilred   (reg.  no.  232)  is  the  result  of  a  plant  selected  from  Turkey 
by  L.  H.  Smith  in  1910  at  the  Illinois  Agricultural  Experiment  Station  (202), 
Urbana,  111.     It  was  first  grown  commercially  in  1923  as  Turkey  10-110.     It, 
was  registered  (58)  in  1926  because  of  its  high  yields  in  experiments  at  Urbana. 

Distribution. — Estimated  acreage  in  1929,  24,190  acres,  in  Illinois. 

Synonym. — Turkey  10-110. 

IOTURK 

Description. — Ioturk  is  similar  to  Turkey,  differing  only  in  consistently  higher 
yields  in  Iowa.    It  is  resistant  to  some  forms  of  bunt. 

History. — Ioturk  (reg.  no.  266)  is  a  selection  from  Turkey  made  by  the  farm- 
crops  section  of  the  Iowa  Agricultural  Experiment  Station,  Ames,  Iowa.  It  was 
distributed  for  commercial  growing  about  1926.  It  was  registered  (56)  as  an 
improved  variety  in  1930  because  of  its  high  yields  in  experiments  at  Ames. 

Distribution. — Estimated  area  in  1929,  4,149  acres,  all  in  Iowa. 

IOWA   NO.    404 

Description. — Iowa  No.  404  apparently  is  identical  with  Turkey,  but  in  ex- 
periments in  Iowa  it  has  shown  greater  winter  hardiness  and  proved  more  pro- 
ductive. 

History. — Iowa  No.  404  (reg.  no.  144)  is  the  result  of  a  plant  selected  from 
Turkey  (Minn.  No.  529)  developed  at  the  Iowa  Agricultural  Experiment  Station 
and  first  distributed  in  the  fall  of  1913  as  a  winter-hardy  and  high-yielding  pure 
strain  of  Turkey  wheat. 

Distribution. — Estimated  area  in  1929,  1,996  acres,  all  in  Iowa. 

karmont 

Description. — Karmont  is  similar  to  Turkey,  Kharkof,  and  Montana  No.  36. 
It  is  a  hardy,  high-yielding  strain  in  Montana. 

History. — Karmont  (reg.  no.  244)  was  developed  in  cooperative  experiments 
of   the  Division   of   Cereal   Crops   and   Diseases,   Bureau   of   Plant    Industry, 
United  States  Department  of  Agriculture,  and  the  Montana  Agricultural  Ex- 
periment Station  at  the  Judith  Basin  Branch  Station,  Moccasin,  Mont.     It  is 
the  result  of  a  head  selection  made  by  E.  L.  Adams  from 
Kharkof  (C.I.  1583)   in  1911.     Karmont  was  grown  com- 
mercially in  Montana  for  the  first  time  in  1921.     It  was 
registered  (58)  in  1926  because  of  its  high-yielding  ability 
under  Montana  conditions. 

Distribution. — Estimated  area  in  1929,  85,935  acres,  in 
Montana,  Idaho,  and  Utah,  as  shown  in  figure  58. 

MONTANA  NO.  36 

Description. — This  variety  cannot  be  distinguished  from 
Figure     58.— Bistri-     Turkey  and  Kharkof  but  has  proved  superior  in  winter 
wheat    in    1929       hardiness  and  yield  in  experiments  and  commercial  trials 
Estimated    area,'      in  Montana. 

85,935  acres.  History. — Montana  No.  36  (reg.  no.  146)  is  the  result  of 

a  plant  selected  from  Kharkof  at  the  Montana  Agricultural 
Experiment  Station,  Bozeman,  Mont.,  and  distributed  in  the  fall  of  1915  as  a 
winter-hardy,  high-yielding  strain. 
Distribution. — Estimated  area  in  1929,  31,028  acres,  in  Montana. 

NEBRASKA   NO.    6 

Description. — Nebraska  No.  6  also  is  identical  with  Turkey  in  all  taxonomic 
characters. 

History. — This  is  a  high-yielding  selection  of  Turkey  developed  at  the 
Nebraska  Agricultural  Experiment  Station  and  distributed  in  the  fall  of  1918. 

Distribution. — Estimated  area  in  1929,  9,444  acres,  all  in  Nebraska, 
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NEBRASKA  NO.  60 

Description. — Nebraska  No.  60  is  nearly  identical  with  Turkey  in  all  taxo- 
nomic  characters. 

History. — Nebraska  No.  60  (reg.  no.  147)  is  a  high-yielding  selection  of 
Turkey  wheat  developed  at  the  Nebraska  Agricultural  Experiment  Station. 
It  was  distributed  for  commercial  growing  and  for  testing  at  experiment 
stations  in  other  States  in  the  fall  of  1918. 

Distribution. — Estimated  area  in  1929,  345,163  acres,  in  Nebraska,  Kansas, 
and  Colorado,  as  shown  in  figure  59. 

RIO 

Description. — Rio  differs  from  Turkey  only  in  having 
slightly  shorter  stems  and  in  being  resistant  to  many  forms 
of  bunt. 

History. — Rio  is  the  result  of  a  head  selected  from  Argen-  Figure  59. — De- 
fine (C.I.  1569),  a  Crimean  wheat  obtained  from  the  Mar-  Kka^No'  *60 
seille  (France)  grain  exchange  by  the  United  States  Depart-  wheat  in  i929. 
ment  of  Agriculture  in  1900.  The  selection  was  made  in  Estimated  area, 
1920  by  D.  E.  Stephens  at  Moro,  Oreg.,  in  cooperative  in-  345,163  acres, 
vestigations  between  the  Division  of  Cereal  Crops  and  Dis- 
eases, Bureau  of  Plant  Industry,  United  States  Department  of  Agriculture,  and 
the  Oregon  Agricultural  Experiment  Station.  It  is  resistant  to  many  forms  of 
bunt  and  gives  high  yields  of  a  good  quality  of  grain.  Rio  was  first  distributed 
to  farmers  in  Sherman  County,  Oreg.,  in  1931. 

Distribution. — Grown  in  eastern  Oregon  since  1931. 

ORO 

Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  mid-strong 
to  strong ;  spike  awned,  oblong-fusiform,  dense,  erect  to  inclined ;  glumes  glab- 
rous, white,  mid-long,  narrow  to  mid-wide;  shoulders  narrow,  rounded  to 
elevated ;  beaks  2  to  8  mm  long ;  awns  3  to  8  cm  long ;  kernels  red,  mid-long, 
hard,  ovate  to  elliptical;  germ  small;  crease  mid-wide,  mid-deep;  cheeks 
rounded ;  brush  small,  mid-long. 

Oro  differs  from  Turkey  principally  in  being  slightly  taller  and  in  having 
stronger  stems  and  denser  and  more  oblong  spikes  and  in  being  much  more 
resistant  to  most  forms  of  bunt. 

History. — Oro  (reg.  no.  259)  is  the  result  of  a  head  selected  from  a  Turkey 
wheat  known  as  no.  889.  The  history  of  this  Turkey  is  unknown.  The  selec- 
tion later  known  as  "  Oro  "  was  made  in  1921  by  H.  M.  Woolman  in  cooperative 
investigations  between  the  Division  of  Cereal  Crops  and  Diseases,  Bureau  of 
Plant  Industry,  United  States  Department  of  Agriculture,  and  the  Oregon 
Agricultural  Experiment  Station  at  the  Sherman  County  Branch  Station  at 
Moro.  It  showed  a  high  degree  of  resistance  to  bunt  and  yielded  well  in  the 
drier  winter-wheat  areas  of  the  Pacific  Northwest.  It  was  distributed  to 
farmers  in  Sherman  County,  Oreg.,  in  1927  and  in  southern  Idaho  in  1929.  It 
was  registered  (68)  as  an  improved  variety  in  1928  because  of  its  high  yields, 
stiff  straw,  and  resistance  to  bunt. 

Distribution. — Estimated  area  in  1929,  774  acres  in  Jefferson  County,  Oreg. 
Grown  since  1929  in  southern  Idaho. 

TENMARQ 

Description. — Plant  winter  habit,  early  to  midseason,  mid-tall;  stem  white, 
slender,  mid-strong ;  spike  awned,  fusiform,  mid-dense,  inclined ;  glumes  glab- 
rous, white,  mid-long,  mid-wide ;  shoulders  wanting  to  mid-wide,  oblique  to 
elevated ;  beaks  3  to  30  mm  long ;  awns  3  to  8  cm  long ;  kernels  red,  short  to 
mid-long,  hard,  ovate;  germ  small;  crease  mid-wide,  mid-deep;  cheeks  rounded 
to  angular ;  brush  mid-sized,  mid-long. 

Tenmarq  differs  from  Kanred  in  being  earlier  and  less  winter  hardy  and  in 
having  stronger  stems  and  shorter  kernels,  as  well  as  greater  resistance  to  stem 
rust  in  the  mature-plant  stage. 

History. — Tenmarq  (reg.  no.  264)  was  produced  from  a  hybrid  between 
Marquis  and  P-1066,  the  latter  a  sister  selection  of  Kanred  made  from  Crimean 
(C.I.  1435).    The  original  cross  was  made  in  1917  at  Manhattan,  Kans.,  in 
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experiments  cooperative  between  the  Kansas  Agricultural  Experiment  Station 
and  the  Division  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry, 
United  States  Department  of  Agriculture.  Tenmarq  is  the  result  of  a  plant 
selection  made  by  J.  H.  Parker  in  1921.  The  selection  was  included  in  nursery 
tests  in  1922  and  in  field  plots  in  1924  at  Manhattan.  The  new  variety  was 
entered  in  cooperative  tests  with  Kansas  farmers  in  1928.  Tenmarq  was 
registered  (63)  in  1929  and  released  for  commercial  growing  in  1932. 
Distribution. — Grown  in  Kansas  since  1932. 


Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  weak; 
spike  awned,  fusiform,  mid-dense,  inclined ;  glumes  glabrous,  white,  mid-long, 
mid-wide ;  shoulders  narrow,  oblique  to  elevated ;  beaks  3  to  25  mm  long ;  awns 
3  to  10  cm  long ;  kernels  dark  red,  mid-long,  hard,  ovate  to  elliptical ;  germ 
small ;  crease  narrow  to  mid-wide,  mid-deep ;  cheeks  rounded ;  brush  small, 
mid-long. 

Kanred  is  very  similar  to  Turkey,  but  it  is  slightly  more  winter  hardy  and 
slightly  earlier  and  can  be  distinguished  from  that  variety  by  its  longer  beaks 
on  the  outer  glumes  and  its  resistance  to  some  forms  of  both  leaf  and  stem 
rust.     This  resistance  to  rust  is  an  important  factor  in  the  ability  of  the  variety 
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Figure   60. — Distribution   of   Kanred   wheat   in    1929.     Estimated   area,    3,490,184   acres. 


to  outyield  Turkey  wheat  in  some  sections.  It  is  substantially  equal  to  Turkey 
in  milling  and  breadmaking  value.  A  spike,  glumes,  and  kernels  of  Kanred 
are  shown  in  plate  31,  B. 

History. — Kanred  (reg.  no.  149)  is  the  product  of  a  single  head  selected  from 
Crimean  (C.I.  1435),  which  had  been  introduced  into  the  United  States  from 
Russia  by  the  United  States  Department  of  Agriculture.  The  head  from  which 
it  descended  was  one  of  554  selected  in  1906  by  H.  F.  Roberts,  of  the  botany 
department  of  the  Kansas  Agricultural  Experiment  Station  (175).  In  1911 
the  more  promising  strains  were  included  in  experiments  by  the  agronomy 
department  of  the  Kansas  station,  and  several  of  them,  including  Kanred,  were 
grown  in  field  plots.  In  1916  it  was  discovered  to  be  rust  resistant.  During 
these  years  of  preliminary  testing  it  was  known  by  the  number  F-762.  In 
1917  it  was  named  Kanred  (a  contraction  of  Kansas  Red).  About  4,000  acres 
were  seeded  to  this  variety  in  the  fall  of  1917  and  more  than  50,000  acres  in 
the  fall  of  1918. 

Distribution. — The  estimated  area  of  Kanred  in  1919  was  100,300  acres  and  in 
1924,  4,314,962  acres.     In  1929  the  estimated  area  was  reduced  to  3,490,184 
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Plate  31 


Turkey  (^4)  and  Kanred  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Plate  32 


Preston  (^4)  and  Kota  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 


WHEAT   VARIETIES    GROWN"    IN    THE    UNITED    STATES  111 

acres,  as  shown  in  figure  60.     It  was  grown  in  18  States,  Kansas,  Texas,  Ne- 
braska, Oklahoma,  and  Colorado  leading  in  acreage  in  the  order  named. 
Synonym. — P-762. 

BELOGLINA 

Description. — This  variety  is  nearly  identical  with  Kanred,  except  that  it  is 
slightly  later  and  does  not  have  the  resistance  of  that  variety  to  stem  and 
leaf  rust. 

History. — Beloglina  (reg.  no.  150)  was  introduced  from  Russia  by  the 
United  States  Department  of  Agriculture.  Four  introductions  have  been  made. 
The  first  lot  was  obtained  by  M.  A.  Carleton  in  1900  from  Rostov  on  Don, 
Russia  (215,  F.P.I.  6012),  where  it  was  claimed  to  have  been  one  of  the  most 
hardy  red  winter  wheats  known.  It  was  grown  near  Beloglinskaya,  in  the 
northern  portion  of  the  Stavropol  Government,  a  region  of  great  extremes  of 
temperature  and  moisture.  This  wheat  has  proved  somewhat  more  winter 
hardy  than  commercial  strains  of  Turkey  and  Kharkof,  but  not  enough  so  to 
make  it  become  an  important  variety. 

Distribution. — Estimated  area  in  1924,  34  acres,  grown  in  Wisconsin.  It  was 
not  reported  in  1929. 

bacska 

Description. — The  Bacska  wheat  grown  in  Wisconsin  is  very  similar  to  Kan- 
red, except  that  it  is  slightly  taller  and  later,  has  more  nodding  spikes,  and 
does  not  have  the  resistance  of  Kanred  to  stem  and  leaf  rust. 

History. — Bacska  (reg.  no.  151)  (215,  F.P.I.  5498)  was  originally  introduced 
from  Budapest,  Hungary,  in  1900  by  the  United  States  Department  of  Agri- 
culture. A  selection  made  from  the  original  introduction  at  Ashland,  Wis., 
by  E.  J.  Delwiche,  of  the  Wisconsin  Agricultural  Experiment  Station,  is  the 
only  Bacska  wheat  now  known  to  be  commercially  grown.  It  is  sometimes 
called  Wisconsin  Pedigree  No.  408. 

Distribution. — Estimated  area  in  3929,  2,281  acres,  in  Wisconsin. 

Synonym. — Wisconsin  Pedigree  No.  408. 

RELIEF 

Description. — Plant  winter  habit,  midseason,  mid-tall  to  tall;  stem  white, 
weak;  spike  awned,  fusiform,  mid-dense  to  lax,  inclined  to  nodding;  glumes 
glabrous,  yellowish  with  light-brown  stripes,  mid-long,  mid-wide ;  shoulders 
wanting  to  narrow,  oblique  to  elevated ;  beaks  1  to  3  mm  long ;  awns  3  to  8 
cm  long;  kernels  red,  mid-long,  hard,  ovate  to  elliptical;  germ  small;  crease 
mid-wide,  mid-deep;  cheeks  rounded;  brush  mid-sized,  mid-long. 

Relief  differs  from  Turkey  in  being  taller,  in  having  a  longer  and  laxer  spike, 
darker  glumes,  shorter  beaks,  a  slightly  longer  kernel,  and  in  being  resistant 
to  some  forms  of  bunt. 

History. — This  variety  was  developed  from  a  cross  between  Hussar  and  a 
selection  from  Turkey  (Utah  No.  26)  made  in  1925  by  D.  C.  Tingey,  of  the 
Utah  Agricultural  Experiment  Station,  Logan,  Utah.  The  selection  that  re- 
sulted in  Relief  was  made  in  1928.  It  was  tested  at  several  stations  in  the 
western  United  States  in  1932  and  1933  under  the  designation  43e21.  It 
showed  a  high  degree  of  resistance  to  the  forms  of  Tilletia  tritici  that  were 
causing  heavy  losses  in  the  Cache  Valley  of  Utah.  It  also  yielded  well  in 
limited  trials  and  was  distributed  to  a  few  farmers  for  further  trial  in  the 
fall  of  1932.  In  1934  the  variety  was  named  and  released  for  general 
distribution. 

Distribution. — Grown  on  a  limited  acreage  in  the  Cache  Valley  of  Utah  in 
1933. 

UTAH    KANRED 

Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  weak; 
spike  awned,  fusiform,  mid-dense  to  lax,  nodding;  glumes  glabrous,  yellowish 
with  brown  stripes,  mid-long,  narrow  to  mid-wide;  shoulders  narrow  to  mid- 
wide,  oblique  to  slightly  elevated;  beaks  variable,  1  to  3  mm  and  3  to  20  mm 
long;  awns  3  to  8  cm  long;  kernels  red,  mid-long,  hard,  ovate  to  elliptical; 
germ  small;  crease  narrow  to  mid-wide,  mid-deep;  cheeks  rounded;  brush 
small,  mid-long. 


112    TECHNICAL  BULLETIN    45  9,   TJ.   S.   DEPT.   OF   AGRICULTURE 

This  variety  differs  from  Kanred  in  having  longer,  laxer,  and  more  nodding 
spikes,  darker  glumes,  and  more  variable  and  shorter  beaks,  and  in  being  less 
winter  hardy. 

History. — In  experiments  at  the  Nephi  Dry-Farm  Substation,  Nephi,  Utah, 
this  wheat  proved  to  be  a  high-yielding  variety  and  was  distributed  in  1922. 
The  original  source  of  this  variety  is  not  known.  When  distributed,  it  was 
thought  to  be  Kanred  and,  having  been  commercially  grown  as  Kanred  for 
many  years,  is  now  designated  as  above. 

Distribution. — Most  of  the  36,490  acres  reported  as  Kanred  in  Utah  in  1929 
is  this  variety. 

Synonym. — Kanred. 

KOMAB 

Description. — Komar  differs  from  Ceres  in  having  shorter  beaks  (1  to  3  mm 
long),  weaker  stems,  greater  resistance  to  stem  rust,  and  a  slightly  better  yield 
along  the  southern  border  of  the  spring-wheat  belt. 

History. — Komar  (reg.  no.  270)  was  produced  (220)  from  the  same  cross 
between  Marquis  and  Kota  from  which  Ceres  was  selected.  The  cross  was 
made  in  1918  by  L.  R.  Waldron,  plant  breeder  of  the  North  Dakota  Agricul- 
tural Experiment  Station,  Fargo.  The  selection  designated  as  1656.84,  which 
resulted  in  Komar,  was  made  in  1923. 

Komar  has  been  extensively  tested  at  experiment  stations  in  the  spring- 
wheat  region  and  has  given  excellent  results,  especially  in  the  southern  part. 
It  was  distributed  by  the  Iowa  Agricultural  Experiment  Station  in  1930  and 
by  the  Colorado  Agricultural  Experiment  Station  in  1931.  It  was  registered 
(56)  as  an  improved  variety  in  1931  because  of  its  high  yields  under  Iowa 
conditions  and  its  resistance  to  stem  rust. 

Distribution. — Grown  in  Iowa  and  Colorado  since  1930. 

Synonym.— Number  1656,  N.  D.  Ns.  No.  1656.84. 


Description. — Plant  spring  habit,  midseason,  mid-tall;  stem  white,  weak  to 
mid-strong ;  spike  awned,  fusiform,  mid-dense,  inclined ;  glumes  glabrous,  white, 
mid-long,  mid-wide ;  shoulders  mid-wide,  square  to  elevated ;  beaks  3  to  20  mm 

long;  awns  3  to  8  cm 
long;  kernels  red,  mid- 
long,  hard,  ovate  to  el- 
liptical, slightly  humped  ; 
germ  small ;  crease 
wide,  usually  shallow ; 
cheeks  usually  angular; 
brush  small,  short  to 
mid-long. 

Kota  can  be  distin- 
guished by  its  long 
beaks  and  elevated 
shoulders.  The  kernels 
are  very  hard  and 
slightly  humped  and 
have  a  small  germ. 
Kota  is  resistant  to  stem  rust  and  to  drought.  A  spike,  glumes,  and  kernels  of 
Kota  are  shown  in  plate  32,  B. 

History. — Kota  (reg.  no.  153)  was  obtained  in  Russia  by  H.  L.  Bolley,  of 
the  North  Dakota  Agricultural  College,  in  1903,  while  making  a  study  of  the 
flax  industry  ®f  Europe  for  the  United  States  Department  of  Agriculture.  It 
was  separated  from  Monad  durum  wheat,  found  to  be  resistant  to  stem  rust 
and  to  have  high  agronomic  value,  and  was  named  Kota  in  1919  by  Waldron 
and  Clark  (221,  pp.  187-195). 

"  R.B.R.  3  "  is  the  designation  used  by  Professor  Bolley  for  a  wheat  identical 
with  Kota.  According  to  Professor  Bolley,  R.B.R.  3  was  one  of  his  original 
Introductions  from  Russia  in  1903,  introduced  as  F.P.I.  10214.19     The  unpub- 
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-Distribution  of  Kota  wheat  in   1929. 
mated  area,  250,985  acres. 


Esti- 


18  Correspondence    with    J.    A.    Clark,    Division    of    Cereal    Crops    and    Diseases,    dated 
Apr.  18,  1919. 
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lished  record  for  this  number  in  the  Division  of  Plant  Exploration  and  Intro- 
duction is  "  winter  wheat  from  Balachof ,  Tambof  Government ",  as  one  of 
25  lots  of  wheat  introduced  from  Russia  by  Professor  Bolley  in  1903.  In  1911 
Professor  Bolley  distributed  his  R.B.R.  3  to  several  farmers  and  to  the  Lang- 
don  substation,  but  the  variety  never  became  commercially  established  by  that 
distribution.  In  the  spring  of  1919,  after  the  discovery  of  resistance  to  stem 
rust  in  Kota  and  its  similarity  to  R.B.R.  3,  Professor  Bolley  distributed  a  sec- 
ond lot,  consisting  of  about  a  bushel  of  seed,  to  Jalmer  Herre,  Kelso,  N.Dak., 
who  was  the  first  farmer  to  increase  it. 

Distribution. — The  estimated  area  of  Kota  in  1964  was  471,313  acres,  which 
was  reduced  to  250,985  acres  in  1929  (fig.  61),  it  having  been  superseded  by 
Ceres  in  many  sections.     Since  1929  the  acreage  of  Kota  has  rapidly  decreased. 

Synonym. — R.B.R.  3. 

CEEES 

Description. — Plant    spring    habit,    midseason,    mid-tall;    stem    white,    mid- 
strong;  spike  awned,  fusiform,  mid-dense,  erect  to  inclined;  glumes  glabrous, 
white,  mid-long,  mid-wide ;  shoulders  mid-wide,  rounded  to  elevated ;  beaks  2  to 
10  mm  long ;  awns  3  to  8  cm  long ;  kernels  red, 
mid-long,  hard,  ovate;  germ  small;  crease  mid- 
wide,  shallow  to  mid-deep ;  cheeks  usually  angu- 
lar ;  brush  mid-sized,  short.     A  spike,  glumes, 
and  kernels  are  shown  in  plate  33,  A. 

Ceres  is  resistant  to  stem  rust  and  drought 
and  is  a  high-yielding  wheat  of  good  quality  for 
breadmaking.  It  also  was  damaged  less  by 
grasshoppers  in  1933  than  were  other  hard  red 
spring  and  durum  varieties. 

/of/ff'^r^f  e?v^egi'  T  a241-}  72?  ^OP6?  Figure  62,-Distribution  of 
(220)  at  the  North  Dakota  Agricultural  Experi-  Ceres  wheat  in  1929.    Em- 

inent Station  from  a  cross  between  Marquis  mated  area,  347,632  acres, 
and  Kota  made  by  L.  R.  Waldron  in  1918.     It 

was  registered  (58)  and  distributed  in  North  Dakota  in  1926  and  has  since  be- 
come widely  grown  because  of  its  rust  and  drought  resistance,  early  maturity, 
high  yield,  and  good  quality.  It  is,  however,  susceptible  to  bunt  and  loose  smut. 
Distribution. — Estimated  area  in  1929,  347*,632  acres,  grown  in  North  Dakota, 
Minnesota,  South  Dakota,  Iowa,  and  Montana.  This  distribution  is  shown 
in  figure  62.  Since  1929  the  acreage  of  Ceres  has  increased  rapidly.  In  1932 
it  was  estimated20  that  fully  3,000,000  acres  were  grown  and  in  1933  prob- 
ably 5,000,000  acres  were  produced  in  the  United  States  and  Canada.  Of 
this  acreage  about  3,000,000  a-cres  were  in  North  Dakota,  1,000,000  acres  in 
Minnesota,  South  Dakota,  and  Montana,  and  1,000,000  acres  in  Manitoba  and 
Saskatchewan,  Canada. 

CHAMPLAIN 

Description. — Plant  spring  habit,  midseason  to  late,  tall ;  stem  white,  strong ; 
spike  awned,  fusiform,  mid-dense,  erect;  glumes  glabrous,  yellowish  white, 
mid-long,  mid-wide;  shoulders  narrow  to  mid-wide,  oblique  to  square;  beaks 
1  to  3  mm  long;  awns  2  to  7  cm  long;  kernels  red,  short,  semihard  to  hard, 
ovate;  germ  mid-sized;  crease  mid- wide,  mid-deep;  cheeks  angular;  brush  mid- 
sized, mid-long  to  long,  collared. 

This  variety  is  distinct  in  having  short,  wide,  semihard  to  hard  red  kernels 
with  a  long,  collared  brush.  The  lower  leaves  of  Champlain  are  distinctly 
pubescent. 

History. — The  following  history  of  Champlain  (reg.  no.  135)  was  published 
in  the  Rural  New  Yorker  in  1877  (8)  : 

"  Champlain  was  produced  in  1870  by  Mr.  Pringle  in  his  endeavors  to  unite 
the  hardiness  of  the  Black  Sea  with  the  fine  qualities  of  the  Golden  Drop. 
Several  varieties  were  the  result  of  this  cross,  from  which  the  above  was 
chosen  as  showing  increased  vigor  and  productiveness  over  its  parents.  A 
selection  from  this  for  the  past  seven  years  has  now,  Mr.  Pringle  thinks,  estab- 
lished its  character,  and  the  result  is  a  wheat  bearded  like  the  Black  Sea  with 
the  white  chaff  of  the  Golden  Drop." 


20  Report  of  the  Third   Hard   Spring  Wheat  Conference,  Fargo,  N.Dak.     1932.     6  pp, 
Washington,  D.C.     [Mimeographed.] 
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C.  G.  Pringle  did  his  wheat  breeding  at  Charlotte,  Vt.,  near  Lake  Champlain. 
This  wheat  evidently  was  named  for  the  lake. 

Pringle's  Champlain  is  the  name  under  which  the  variety  first  became 
known.  Mr.  Pringle  apparently,  however,  did  not  intend  that  his  name  should 
be  a  part  of  the  name  of  any  of  the  varieties  of  wheat  that  he  distributed. 

Distribution. — Estimated  area  in  1929,  527  acres,  chiefly  under  irrigation  in 
Yellowstone  County,  Mont. 

Synonyms. — Pringle's  Champion,  Pringle's  Champlain. 

PRESTON    (VELVET  CHAFF) 

Description. — Plant  spring  habit,  midseason  to  late,  mid-tall;  stem  white, 
sometimes  faintly  purple,  especially  on  lower  internodes,  mid-strong;  spike 
awned,  fusiform,  mid-dense,  inclined,  easily  shattered ;  glumes  glabrous,  white, 
mid-long,  mid-wide ;  shoulders  wanting  to  narrow,  oblique  to  elevated ;  beaks 
1  to  3  mm  long ;  awns  2  to  7  cm  long ;  kernels  red,  mid-long,  hard,  ovate ;  germ 
mid-sized;  crease  narrow  to  mid- wide,  shallow  to  mid-deep;  cheeks  angular; 
brush  mid-sized,  mid-long. 

The  kernels  of  Preston  have  a  dull  seed  coat  and  a  rather  narrow  triangular 
crease.  The  grain  has  a  high  test  weight  per  bushel.  A  spike,  glumes,  and 
kernels  of  Preston  wheat  are  shown  in  plate  32,  A. 

History. — Preston  (reg.  no.  152)  was  bred  from  a  cross  between  Ladoga, 
a  Siberian  wheat,  and  Red  Fife.  The  hybrid  was  made  by  William  Saunders, 
at  the  Central  Experimental  Farm,  Ottawa,  Canada,  in  1888.  It  was  grown 
at  the  experiment  station  at  Indian  Head,  Saskatchewan,  as  early  as  1893,  and 
was  sent  to  the  Minnesota  Agricultural  Experiment  Station  for  growing  in  the 
spring  of  1896. 

It  is  not  known  definitely  that  the  Velvet  Chaff  wheat  now  widely  grown  is 
Preston  and  is  the  result  of  the  above  cross.  It  is  probable  that  some  of  this 
wheat  is  an  older  variety  from  which  the  original  name  had  been  lost.  In 
addition  to  the  synonyms,  listed  below,  which  represent  sorts  apparently 
identical  with  the  commercial  Preston  spring  wheat,  there  are  types  of  wheat 
found  within  the  Java  variety  that  cannot  be  distinguished  from  the  Velvet 
Chaff. 

Many  names  have  been  used  for  wheat  similar  to  Preston.  Bearded  Fife  is 
a  name  chiefly  used  for  Preston  in  South  Dakota  since  1904,  or  earlier,  although 
in  more  recent  years  it  is  commonly  called  Velvet  Chaff.  The  name  Bearded 
Fife  was  used  to  distinguish  this  wheat,  which  was  also  often  called  Red 
Fife,  from  the  well-known  Red  Fife  wheat  of  Canada.  Blue  Ribbon  is  the 
name  of  a  selected  lot  of  a  wheat,  apparently  identical  with  Preston,  distrib- 
uted by  H.  E.  Krueger,  of  Beaver  Dam,  Wis.,  since  about  1909.  He  stated21 
that  the  wheat  "was  selected  10  years  ago,  from  an  old  Fife  variety,  and 
ripens  about  with  Marquis."  A  wheat  called  Climax  or  South  Dakota  Climax 
was  first  obtained  by  the  South  Dakota  Agricultural  Experiment  Station  in 
1903  from  John  Carpenter,  Hetland,  S.Dak.  It  apparently  is  the  Preston 
variety  and  was  formerly  grown  to  a  considerable  extent  under  the  name 
Climax  in  South  Dakota.  Golden  Drop  is  the  name  under  which  a  sample 
of  wheat  identical  with  Preston  was  obtained  in  Iowa  in  1919.  A  definite 
history  of  the  bearded  spring  Golden  Drop  variety  is  not  available,  but  this  is 
probably  an  old  English  wheat.  A  spring  wheat  similar  to  the  above  was 
grown  under  this  name  in  New  Hampshire  in  1872  (223,  p.  492). 

Johnson  is  a  name  of  a  wheat  similar  to  or  identical  with  Preston.  A 
Johnson  or  No.  55  has  been  reported  by  J.  M.  Thorburn  &  Co.  as  "  an  amber, 
bearded,  white-chaff  variety  ",  originated  in  1889  by  E.  S.  Carman,  then  editor 
of  the  Rural  New  Yorker  (209,  p.  48).  Rural  New  Yorker  No.  55  also  was 
described  in  1888  (16,  p.  523)  as  a  "pure  wheat  cross.  Medium  to  ripen. 
Stems  yellow.  Heads  average  nearly  4  inches.  Eight  breasts  to  a  side.  Chaff 
white,  heavily  bearded,  three  to  four  grains  to  a  breast,  fair  size,  bright  amber 
color,  hard  regular  heads,  i.e.,  not  inclined  to  club."  In  1890  the  Rural  New 
Yorker  (17,  p.  516)  reported  "  No.  55  has  been  named  '  Johnson '  after  Prof. 
S.  W.  Johnson,  of  Yale."  A  Johnson  wheat  was  grown  in  California  as  early 
as  1871  (5). 

"  The  Marysville  Appeal  has  seen  some  samples  from  a  field  of  wheat  growing 
near  Yuba  City  which  are  reported  to  be  an  average  of  the  crop  of  about  40 


21  Correspondence  with  the  Division  of  Cereal  Crops  and  Diseases,  dated  Apr.  26,  1917. 
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PLATE  33 


Ceres  {A)  and  Reliance  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Plate  34 


Eudy  {A)  and  Nigger  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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acres  of  the  bearded  Chile  variety  and  give  promise  of  a  good  crop  without 
further  rain.  The  proprietor  estimates  a  yield  of  from  30  to  40  bushels  per 
acre.  This  variety  of  wheat  is  highly  prized  by  the  grain  growers  of  Sut- 
ter, and  is  known  as  the  Johnson  wheat." 

Johnson's  Early  Fife  is  a  name  used  for  the  wheat  that  later  became  known 
as  Bearded  Red  Fife  or  Red  Fife  bearded,  which  is  identical  with  the  commer- 
cial Velvet  Chaff  or  Preston.     Wheeler  and  Balz  (227)  state: 

"  The  so-called  Red  Fife,  a  hard,  red,  bearded  wheat,  *  *  *.  The  origin 
of  this  variety,  which  is  also  called  Golden  Fife  and  Johnson's  Early  Fife, 
is  somewhat  obscure." 

The  original  Golden  Fife  was  introduced  into  South  Dakota  by  Otto  John- 
son of  Redfield,  S.Dak.,  in  1902.  Mr.  Johnson  obtained  his  seed  from  John 
Krumann  of  Sioux  City,  Iowa.  Mr.  Krumann  obtained  his  seed  from  a  seed 
company  in  Clarinda,  Iowa,  in  the 
spring  of  1901.  It  seems  probable  that 
this  wheat,  which  later  became  grown 
extensively  in  the  Dakotas  and  Min- 
nesota under  the  name  of  Velvet  Chaff, 
was  in  reality  a  strain  of  Java  wheat. 
The  fact  that  it  was  brought  into 
South  Dakota  from  Iowa  at  a  time 
when  Java  wheat  was  being  exploited 
in  Iowa,  and  before  Preston  was  in- 
troduced, naturally  leads  to  this  belief. 
It  was  most  extensively  grown  about 
1913  and  is  still  grown  to  some  extent 
in  the  James  River  Valley  of  South 
Dakota  and  has  recently  been  found  to 
be  identical  with  certain  strains  of 
Java. 

Minnesota  No.  188  is  a  number 
given  by  the  Minnesota  Agricultural 
Experiment  Station  to  Preston  wheat 
that  was  received  from  William 
Saunders,  of  Ottawa,  Ontario,  Canada. 

Velvet  Chaff  is  a  name  that  came  into  use  about  1905  for  a  wheat  similar 
to  Preston  or  identical  with  it.  Just  how  and  when  this  particular  name 
arose  is  not  known.  By  1912  the  wheat  grown  under  this  name  was  widely 
grown  in  the  Dakotas  and  Minnesota,  and  the  name  Velvet  Chaff  was  used  by 
the  Minneapolis  Chamber  of  Commerce  and  the  Chicago  Board  of  Trade  as  a 
grade  name.  By  1914,  however,  this  wheat  was  included  in  the  northern 
grades  of  wheat  and  the  name  Velvet  Chaff  was  abandoned  as  a  grade  name. 
The  name  has  continued  in  use,  however,  as  a  varietal  name  for  the  wheat  on 
farms.  The  only  observable  difference  between  this  wheat  and  the  true 
Preston  from  Canada  is  that  the  latter  more  often  shows  a  purple  tinge 
in  the  stems  and  has  a  slightly  rougher  seed  coat. 

Distribution. — The  estimated  area  of  Preston  wheat  in  1919  was  2,233,200 
acres,  which  decreased  rapidly  to  1929,  when  it  was  only  2S7,861  acres.  This 
distribution  is  shown  in  figure  03.  The  variety  was  reported  from  12  States, 
the  leading  ones  being  Minnesota,  South  Dakota,  and  North  Dakota. 

Synonyms. — Bearded  Fife,  Blue  Ribbon,  Climax,  Golden  Drop,  Golden  Fife, 
Johnson,  Johnson's  Early  Fife,  Minnesota  No.  188,  Red  Fife,  Velvet  Chaff. 


Figure  63. — Distribution  of  Preston 
wheat  in  1929.  Estimated  area,  287,- 
861  acres. 


RELIANCE 

Description. — Plant  spring  habit,  midseason  to  late,  mid-tall;  stem  white, 
mid-strong  to  strong;  spike  awned,  fusiform,  mid-dense,  erect  to  inclined; 
glumes  glabrous,  white,  short  to  mid-long,  mid-wide;  shoulders  wanting  to 
narrow,  oblique  to  elevated ;  beaks  3  to  15  mm  long ;  awns  3  to  8  cm  long ;  ker- 
nels red,  mid-long,  hard,  ovate ;  germ  small ;  crease  mid-wide,  mid-deep ;  cheeks 
rounded;  brush  mid-sized,  short.  A  spike,  glumes,  and  kernels  of  Reliance 
wheat  are  shown  in  plate  33,  B. 

Reliance  is  a  hardy,  high-yielding,  smut-resistant  variety. 

Hist ory,— Reliance  (reg.  no.  243)  was  produced  by  the  Division  of  Cereal 
Crops  and  Diseases,  Bureau  of  Plant  Industry,  United  States  Department  of 
Agriculture,  in  cooperation  with  the  Oregon,  California,  Minnesota,  Montana,  and 
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North  Dakota  Agricultural  Experiment  Stations.  It  was  originated  from  a 
hybrid  between  Kanred  and  Marquis  made  in  1917  at  the  Sherman  County 
Branch  Station,  Moro,  Oreg.  The  selection  that  resulted  in  Reliance  was  made 
in  1920  by  J.  A.  Clark  at  Chico,  Calif.  The  spring  habit  and  seedling  reaction 
to  stem  rust  of  Reliance  and  other  selections  were  determined  at  University 
Farm,  St.  Paul.  Minn.  The  high  yields  of  this  variety,  in  comparison  with 
those  of  other  selections  and  varieties,  were  determined  at  the  Northern  Great 
Plains  Field  Station,  Mandan,  N.Dak.,  and  the  Judith  Basin  Branch  Station, 
Moccasin,  Mont.,  from  which  stations  limited  quantities  of  seed  were  distributed 
for  commercial  growing.  The  variety  was  registered  (58)  in  1926  because  of 
its  seedling  resistance  to  stem  rust,  plant  vigor,  strong  stems,  and  high  yields. 
Distribution. — Estimated  area  in  1929,  311  acres,  all  in  North  Dakota 

HOPE 

Description. — Plant  spring  habit,  midseason,  mid-tall ;  leaves  pubescent ;  stem 
purple,  mid-strong;  spike  awned,  fusiform,  mid-dense,  erect  to  inclined,  very 
resistant  to  shattering;  glumes  glabrous,  white,  mid-long,  mid- wide  to  wide; 
shoulders  mid-wide,  rounded  to  elevated;  beaks  2  to  10  mm  long;  awns  2  to 
6  cm  long ;  kernels  red,  mid-long,  hard,  ovate ;  germ  small ;  crease  wide,  mid- 
deep  ;  cheeks  angular ;  brush  large,  long. 

Under  field  conditions  in  the  United  States  Hope  is  nearly  immune  from 
stem  rust  and  loose  smut  and  resistant  to  leaf  rust  and  mildew.  From  spring 
seeding  it  also  is  very  resistant  to  bunt.  It  is  susceptible  to  frost  and  heat 
injury  and  to  the  black-chaff  disease. 

History. — Hope  (reg.  no.  240)  was  developed  by  E.  S.  McFadden  as  the 
result  of  a  cross  made  in  1915  between  Vernal  emmer  and  Marquis  wheat. 
The  cross  was  made  at  Brookings,  S.Dak.,  while  Mr.  McFadden  was  employed 
by  the  South  Dakota  Agricultural  Experiment  Station.  For  several  years  the 
hybrid  material  was  carried  in  bulk  at  the  Highmore  Substation,  Highmore, 
S.Dak.,  where  Mr.  McFadden  was  conducting  experiments  cooperative  with 
the  Division  of  Cereal  Crops  and  Diseases.  However,  the  selection  that  re- 
sulted in  Hope  was  made  in  1923  by  Mr.  McFadden  on  his  farm  near  Webster, 
S.Dak.,  where  it  was  increased  and  distributed  in  1927.  Hope  was  registered 
(58)  in  1926  because  of  its  nearly  immune  reaction  to  stem  rust.  It  was  the 
first  variety  of  hard  red  spring  wheat  to  have  the  stem-rust  reaction  of  emmer 
and  has  been  used  extensively  as  a  parent  in  breeding  to  transfer  this  reaction 
to  other  varieties  of  hard  red  spring  wheat. 

Distribution. — Estimated  area  in  1929,  3,405  acres,  all  in  South  Dakota.  Since 
1929  its  commercial  acreage  probably  has  not  increased. 

RUDY 

Description. — Plant  winter  habit,  midseason  to  late,  mid-tall  to  tall;  stem 
white,  mid-strong;  spike  awned,  linear-fusiform,  lax,  inclined  to  nodding; 
glumes  glabrous,  yellowish  white  with  black-striped  margins,  mid-long,  wide; 

shoulders  mid-wide,  usually  oblique;  beaks 
1  to  5  mm  long ;  awns  3  to  8  cm  long ;  ker- 
nels red,  long,  soft,  usually  elliptical ;  germ 
small ;  crease  wide,  mid-deep ;  cheeks 
rounded;  brush  mid-sized,  mid-long. 

This  variety  is  distinct  in  having  long, 
soft  kernels  and  black  stripes  on  the  glumes. 
A  spike,  glumes,  and  kernels  of  Rudy  are 
shown  in  plate  34,  A. 

History. — The  origin  of  Rudy  (reg.  no. 
155)  has  been  recorded  by  Carleton  (50,  p. 

Figure     64.— Distribution     of     Rudy       65^    as  follows: 
wheat    in    1929.     Estimated   area,  "One  of  the  best  of  the  most   recently 

191,078  acres.  produced  varieties  is  the  Rudy,  which  was 

originated  at  Troy,  Ohio,  in  1871,  by  M. 
Rudy,  through  a  careful  propagation  of  the  seed  from  a  superior  and  a  distinct 
stool  of  wheat  found  in  a  large  field." 

Rudy  wheat  was  not  included  in  the  varietal  experiments  of  the  Ohio  Agri- 
cultural Experiment  Station  until  1892.  It  is  reported  as  having  been  intro- 
duced into  Michigan,  however,  from  western  Ohio,  in  1891. 
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Distribution.— Estimated  area  in  1929,  191,078  acres,  in  nine  States,  as  shown 
in  figure  64. 

Synonyms.— Anti-Rust,  Black  Mediterranean,  Early  Rudy,  Kentucky  Giant, 
Queen  of  New  York. 

NIGGER 

Description.— Plant  winter  habit,  midseason,  mid-tall  to  tall;  stem  purple, 
mid-strong  to  strong;  spike  awned,  fusiform,  mid-dense,  inclined;  glumes 
glabrous,  white,  long,  wide;  shoulders  mid-wide, 
oblique  to  square;  beaks  1  to  2  mm  long;  awns  3 
to  9  cm  long;  kernels  red,  long,  soft,  ovate  to 
elliptical,  slightly  humped ;  germ  mid-sized ;  crease 
mid-wide,  deep,  pitted ;  cheeks  rounded  to  angular ; 
brush  mid-sized,  mid-long. 

Nigger  differs  from  Rudy  chiefly  in  having  purple 
straw  and  shorter  beaks.  A  spike,  glumes,  and 
kernels  of  Nigger  are  shown  in  plate  34,  B. 

History. — "  Nigger  [reg.  no.  157]  wTheat  is  said 
to  have  been  first  distributed  from  the  farm  of  a 
colored  man  in  Darke  County,  Ohio"  (115,  p.  4).  Figure  65. — Distribution  of 
It  was  grown  in  experiments  by  the  Ohio  Agricul-  Estimated*16  area  Q  126  484 
tural  Experiment  Station  as  early  as  1884.  acres.  U    a' 

Distribution. — The  estimated  area  of  Nigger  in 
1929  was  126,484  acres,  grown  in  eight  States,  as  shown  in  figure  65.     The  acre- 
age of  Nigger  has  steadily  decreased  since  1919. 

Synonyms. — Winter  Green,  Winter  John,  Winter  King. 


Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  purple,  mid- 
strong  to  strong ;  spike  awned,  fusiform,  mid-dense,  inclined ;  glumes  glabrous, 
white,  long,  mid-wide ;  shoulders  wanting  to  narrow,  rounded  to  square ;  beaks 

1  to  3  mm  long;  awns  3  to  8  cm  long;  kernels  red,  mid-long  to  long,  soft, 
elliptical ;  germ  mid-sized ;  crease  mid-wide,  deep ;  cheeks  angular ;  brush 
mid-sized,  long. 

History. — Nabob  (reg.  no.  262)  was  developed  at  the  Ohio  Agricultural 
Experiment  Station.  It  is  the  result  of  a  selection  from  Nigger  made  by 
L.  E.  Thatcher  in  1918.  It  was  registered  (63)  and  distributed  for  commercial 
growing  in  1928.  Its  superior  characters  are  early  maturity,  winter  hardiness, 
semiresistance  to  bunt,  and  good  yield  and  quality. 

Distribution. — Estimated  area  in  1929,  257  acres,  all  in  Ohio. 

SILVEKSHEAF 

Description. — Plant  winter  habit,  midseason,  tall;  stem  usually  white,  mid- 
strong,  coarse ;  spike  awned,  fusiform,  lax,  inclined,  easily  shattered ;  glumes 
glabrous,  white,  long,  mid-wide ;  shoulders  mid-wide,  usually  elevated ;  beaks 

2  to  30  mm  long ;  awns  3  to  10  cm  long ;  kernels  pale  red,  long,  soft,  elliptical ; 
germ  small ;  crease  mid-wide,  shallow  to  mid-deep ;  cheeks  rounded ;  brush  mid- 
sized, mid-long. 

The  variety  as  grown  contains  mixtures  of  purple  straw.  Silversheaf  is 
distinct  in  having  dark  coffee-colored  stripes  on  the  glumes. 

History. — Silversheaf  (reg.  no.  158)  was  originated  by  A.  N.  Jones  (127), 
Le  Roy  (formerly  of  Newark,  N.Y.),  Genesee  County,  N.Y.,  in  1903.  Con- 
cerning it  he  has  written  the  following; 

"  I  offer  this  season  for  the  first  time  the  finest  Longberry  Red  wheat  ever 
known  in  this  country.  *  *  *  This  wonder  in  the  wheat  line  originated 
from  a  cross  between  my  No.  8,  or  better  known  as  American  Bronze,  and  the 
cross-breed  from  a  cross  between  Lancaster  and  Seedling  No.  91,  Longberry." 

He  described  the  wheat  as  follows: 

"  Straw  of  a  light  yellow  color,  medium  tall,  thick  walled  and  strong ;  head 
long,  wide,  and  full,  which  as  they  ripen  has  a  drooping  habit.  Chaff  white, 
thin,  with  a  silvery  glisten  in  the  sun;  grain  large,  dark,  and  flinty,  nearly 
as  long  as  rye." 

This  wheat  was  advertised  and  distributed  by  Peter  Henderson  &  Co.  (110), 
seedsmen,  of  New  York,  as  early  as  1903. 
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Distribution. — Estimated  area  in  1929,  6,050  acres,  in  New  York,  Pennsyl- 
vania, and  Maryland. 

Synonyms. — Australian,  Clipperd's  Bearded,  Coffee,  Davis,  Jones  Silver  Sheaf 
Longberry  Red. 

DIXON     (HUMPBACK    II) 

Description. — Plant  spring  habit,  late,  tall;  stem  white,  mid-strong;  spike 
awned,  fusiform,  lax,  inclined ;  glumes  glabrous,  yellowish  white,  long,  narrow ; 
shoulders  usually  wanting ;  beaks  wide,  3  to  30  mm  long ;  awns  4  to  7  cm  long ; 
kernels  pale  red,  mid-long  to  long,  semihard,  ovate,  humped ;  germ  mid-sized ; 
crease  mid-wide,  deep,  sometimes  pitted ;  cheeks  rounded  to  angular ;  brush  mid- 
sized, long. 

This  variety  is  distinguished  by  the  humped  kernels,  the  absence  of  shoulders 
on  the  glumes,  and  the  wide,  lax  spikes.  The  kernels  have  a  smaller  brush  and 
germ  than  found  in  Humpback. 

History. — The  origin  of  Dixon  (reg.  no.  160)  is  undetermined.  It  has  been 
grown  in  Wisconsin  for  many  years.  The  name  Dixon  was  chosen  as  a  name 
for  Humpback  II  or  Smooth  Humpback,  as  the  two  varieties  are  very  similar. 
The  Humpback  variety  originated  from  field  selections  made  by  J.  P.  Berglund, 
a  farmer  living  near  Kensington,  Minn.  (208,  p.  1).  The  original  head  probably 
was  the  result  of  a  natural  field  hybrid.  Two  strains  were  developed,  one  with 
pubescent  glumes  and  one  with  glabrous  glumes.  The  glabrous-glumed  strain 
(Dixon)  was  distributed  a  few  years  later  than  the  pubescent  strain,  which 
was  distributed  about  1905. 

DistHbution. — Estimated  area  in  1929,  214  acres,  in  Wisconsin.  Some,  if  not 
most,  of  the  acreage  of  wheat  in  western  Nebraska  known  as  "  Humpback  "  is 
Dixon.     This  wheat  also  is  called  Ghirka  by  the  grain  trade. 

Synonyms. — Ghirka,  Humpback  II,  Johnson,  Smooth  Humpback. 


Description. — Plant  spring  habit,  although  very  prostrate  in  early  growth, 
midseason,  mid-tall ;  stem  white,  weak  to  mid-strong ;  spike  awned,  fusiform, 
mid-dense,  inclined ;  glumes  glabrous,  white,  mid-long,  mid-wide ;  shoulders 
mid-wide,  oblique  to  elevated;  beaks  2  to  15  mm  long;  awns  2  to  7  cm  long; 
kernels  pale  red,  long,  soft,  ovate,  humped,  pointed ;  germ  small ;  crease  mid- 
wide  to  wide,  shallow  to  mid-deep ;  cheeks  angular ;  brush  mid-sized,  mid-long. 

History. — Fretes  (reg.  no.  159)  was  introduced  into  the  United  States  from 
El  Outaya,  Constantine,  Algeria,  in  1901  (215,  F.P.I.  7582)  by  David  Fair- 
child  and  C.  S.  Scofield,  of  the  United  States  Department  of  Agriculture.  It 
is  extensively  grown  in  the  oases  of  the  Sahara  Desert,  where  it  is  sown  in 
November.  The  variety  is  said  to  have  originated  from  a  shipment  of  Russian 
wheat  into  Algeria  at  the  time  of  a  famine  many  years  ago. 

Distribution. — Fretes  was  formerly  grown  in  Los  Angeles  County,  Calif. 
It  was  not  reported  grown  in  1929. 

CHUL 

Description. — Plant  spring  habit,  early,  short  to  mid-tall;  stem  white,  very 
weak;  spike  awned,  fusiform,  lax,  inclined;  glumes  glabrous,  white,  mid-long, 
mid-wide ;  shoulders  mid-wide,  oblique  to  apiculate ;  beaks  5  to  45  mm  long ; 
awns  3  to  10  cm  long ;  kernels  red,  long,  hard,  ovate,  tapering,  humped ;  germ 
small ;  crease  wide,  shallow ;  cheeks  angular ;  brush  small,  mid-long. 

The  kernels  of  Chul  are  large,  very  hard,  and  somewhat  similar  to  those  of 
durum  wheat. 

History. — Chul  (reg.  no.  161)  was  introduced  into  the  United  States  in 
1902  (215,  F.P.I.  9131)  from  Russian  Turkistan  by  the  United  States  Depart- 
ment of  Agriculture  through  E.  A.  Bessey.  The  seed  was  obtained  from 
Dzhizak,  a  town  about  100  miles  northwest  of  Samarkand.  There  it  is  grown 
on  the  steppes  without  irrigation  and  is  both  fall  and  spring  sown.  The  orig- 
inal seed  was  a  mixture  of  red  and  white  kernels,  the  greater  part  being  red. 
The  name  Chul,  therefore,  has  been  continued  for  the  red-kerneled  portion. 
The  white-kerneled  types  are  identical  with  Talimka.  Both  types  have  been 
grown  separately  at  experiment  stations,  but  a  part  of  the  original  introduction, 
which  consisted  of  100  pounds,  was  distributed  to  farmers.    The  wheat  grown 
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commercially  under  this  name,  therefore,  is  mostly  a  mixture  of  Chul  and 
Talimka. 

Distribution. — In  1919  Chul  was  grown  in  Lake,  Siskiyou,  and  Yolo  Counties, 
Calif.,  and  Clark  County,  Nev.     Since  then  it  has  gone  out  of  cultivation. 

Synonym. — Idaho  Hard. 

EMERALD     (EARLY    SPRING) 

Description. — Plant  spring  habit,  midseason,  mid-tall ;  stem  white,  slender, 
very  weak ;  spike  awned,  fusiform,  mid-dense  to  lax,  inclined ;  glumes  glabrous, 
yellowish  brown,  mid-long,  narrow ;  shoulders  wanting  to  narrow,  oblique ; 
beaks  1  to  5  mm  long ;  awns  3  to  7  cm  long ;  kernels  white,  mid-long,  soft  to 
semihard,  ovate ;  germ  mid-sized ;  crease  narrow  to  mid-wide,  shallow ;  cheeks 
usually  angular ;  brush  mid-sized,  short. 

History. — Emerald  (reg.  no.  163)  was  obtained  by  the  Nebraska  Agricultural 
Experiment  Station  in  1913  from  C.  N.  Schmale,  a  farmer  living  near  Emerald, 
Nebr.,  as  Early  Spring  wheat.  Its  previous  history  is  undetermined,  but  it  was 
named  Emerald  in  1922. 

Distribution. — Estimated  area  in  1924,  1,610  acres,  grown  as  Early  Spring,  in 
Nebraska.     It  was  not  reported  in  1929. 

Synonym. — Early  Spring. 

GENESEE    GIANT 

Description. — Plant  winter  habit,  midseason,  short  to  mid-tall ;  stem  purple, 
very  strong ;  spike  awned,  clavate,  dense,  erect ;  glumes  glabrous,  brown,  mid- 
long,  wide ;  shoulders  narrow,  usually  rounded ;  beaks  2  to  12  mm  long ;  awns 
3  to  7  cm  long ;  kernels  white,  short,  semihard  to  hard,  oval ;  germ  mid-sized ; 
crease  mid-wide,  mid-deep ;  cheeks  usually  rounded ;  brush  mid-sized,  mid-long ; 
kernels  produced  in  upper  end  of  spikes  resemble  club  wheat. 

This  variety  is  distinct  in  having  a  clavate  spike  and  hard  white  kernels. 

History. — Genesee  Giant  (reg.  no.  164)  was  first  distributed  by  A.  N.  Jones, 
of  Newark,  Wayne  County,  N.Y.,  the  originator,  in  1893.  It  was  advertised 
by  Peter  Henderson  &  Co.,  seedsmen,  of  New  York,  in  1894,  and  described 
elaborately  and  recommended  highly  by  them.  It  is  the  result  of  a  composite 
cross  that  has  been  recorded  by  Carleton  (50,  p.  71),  as  follows: 

Mediterranean F  ultz 

I 
Russian  Velvet _No.  87 

Lancaster Winter  Fife 

Hybrid Iron  Straw 

Early  White  Leader Hybrid 

Hybrid Winter  Fife 

Golden  Cross  Jr JHybrid 

Hybrid Iron  Straw 

Early  Genesee  Giant 

Pedigree  Giant  is  a  wheat  similar  to  Genesee  Giant  obtained  from  the  Idaho 
Agricultural  Experiment  Station  in  1912.  A  wheat  was  distributed  by  A.  N. 
Jones  as  Pedigree  Genesee  Giant  in  1894,  the  year  following  the  distribution  of 
Genesee  Giant.  This  doubtless  accounts  for  this  name.  It  is  possible  that  the 
original  Genesee  Giant  was  somewhat  mixed  and  a  pure  strain  was  distributed 
later. 

Distribution.— Estimated  area  in  1929,  449  acres  in  Ohio.  In  1919  it  was 
grown  on  1,600  acres  in  Davis  and  Weber  Counties,  Utah. 

Synonym*— Early  Genesee  Giant,  Farmers  Trust,  Genesee,  Giant  Square- 
head, Golden  Cross,  Pedigree  Giant. 
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CANADIAN   RED 

Description. — Plant  spring  habit,  early,  short;  stem  white,  slender,  weak; 
spike  awned,  oblong-fusiform,  mid-dense,  inclined;  glumes  glabrous,  brown, 
long,  mid-wide;  shoulders  mid-wide,  oblique  to  elevated;  beaks  2  to  20  mm 
long ;  awns  2  to  6  cm  long ;  kernels  white,  midlong,  semihard  to  hard,  ovate, 
humped,  curved ;  germ  mid-sized ;  crease  mid-wide,  shallow  to  mid-deep ;  cheeks 
rounded ;  brush  small,  short. 

History. — The  origin  of  Canadian  Red  (reg.  no.  165)  is  undetermined.  It 
was  obtained  in  July  1919  from  F.  G.  Stokes,  of  Kelseyville,  Calif.,  who 
reported  that  it  constituted  15  percent  of  the  wheat  grown  in  the  vicinity  of 
Kelseyville,  Lake  County,  Calif. 

Distribution. — Grown  in  Lake  County,  Calif.,  in  1919.  It  was  not  reported 
in  1924  or  1929,  but  was  reported  from  Douglas  County,  Wash.,  in  1932. 

Synonym. — Canadian   Spring. 

LONGBERRY   NO.    1 

Description. — Plant  winter  habit,  midseason,  tall;  stem  white,  mid-strong; 
spike  awned,  oblong-fusiform,  mid-dense,  inclined ;  glumes  glabrous,  brown, 
mid-long,  mid-wide;  shoulders  wanting  to  narrow,  usually  rounded;  beaks 
3  to  10  mm  long;  awns  3  to  7  cm  long;  kernels  white,  mid-long  to  long,  soft, 
ovate,  curved;  germ  small  to  mid-sized;  crease  mid-wide,  mid-deep,  pitted; 
cheeks  rounded;  brush  mid-sized,  mid-long  to  long. 

History. — Longberry  No.  1  (reg.  no.  166)  was  originated  by  A.  N.  Jones  {121) 
at  Newark,  Wayne  County,  N.Y.  Concerning  its  origin  he  has  written  as 
follows : 

"  This  Amber  Longberry  wheat,  sent  out  in  bulk  in  1898  has  proved  to  be 
one  of  great  value  in  all  sections.  Originating  from  a  cross  seedling,  parentage 
of  which  came  from  a  cross  between  Mediterranean  and  Russian  Velvet." 

Distribution. — Estimated  area  in  1929,  1,193  acres  in  Kentucky  and  Penn- 
sylvania. 

Synonyms. — Jones  Longberry,  Jones  Longberry  No.  1. 

SEVIER 

Description. — Plant  spring  habit,  midseason,  mid-tall ;  stem  white,  slender, 
weak  to  mid-strong;  spike  awned,  somewhat  laterally  compressed,  oblong, 
dense,  erect  to  inclined ;  glumes  glabrous,  light  brown,  mid-long,  mid-wide ; 
shoulders  mid-wide,  oblique;  beaks  1  to  3  mm  long;  awns  2  to  6  cm  long; 
kernels  white,  mid-long,  hard,  ovate,  humped ;  germ  mid-sized ;  crease  mid- 
wide,  shallow;  cheeks  angular;  brush  mid-sized,  mid-long. 

This  variety  is  not  pure  as  commercially  grown.  It  is  very  distinct  and 
peculiar,  as  it  represents  nearly  an  intermediate  form  between  common  and 
durum  wheat,  and  for  that  reason  also  somewhat  resembles  poulard  wheat. 
It  has  the  laterally  compressed  spike,  sharply  keeled  glumes,  and  large,  hard 
kernels  of  durum  and  the  short,  hollow  stem,  short  awns,  and  mid-long  brush 
of  common  wheat. 

History. — The  origin  of  Sevier  (reg.  no.  168)  is  undetermined.  It  may 
be  the  result  of  a  natural  field  hybrid  between  common  and  durum  wheat. 
It  was  first  noted  to  be  commercially  grown  in  Utah  by  Stewart  (203,  p.  165) 
in  the  summer  of  1918  and  first  listed  as  Kubanka  durum  wheat.  Samples 
were  obtained  by  the  writers  from  Mr.  Stewart  and  from  the  Federal  Board 
of  Review,  Chicago,  111.,  and  the  wheat  was  found  not  to  be  Kubanka  and 
was  also  determined  to  be  more  nearly  a  common  than  a  durum  wheat.  As 
the  variety  had  been  grown  in  Sevier  County,  Utah,  for  25  years  or  more, 
it  was  named  Sevier  by  Stewart  (204,  p.  25). 

Distribution. — Estimated  area  in  1929,  2,872  acres,  all  in  Utah. 

DIEHL-MEDITERRANEAN 

Description. — Plant  winter  habit,  midseason,  mid-tall  to  tall;  stem  white, 
mid-strong;  spike  awned,  fusiform,  mid-dense,  inclined  to  nodding;  glumes 
glabrous,  brown,  mid-long,  mid-wide;  shoulders  narrow  to  mid-wide,  rounded 
to  elevated;  beaks  1  to  8  mm  long;  awns  3  to  8  cm  long;  kernels  pale  red, 
mid-long,  soft,  ovate  to  elliptical ;  germ  mid-sized ;  crease  narrow  to  mid-wide, 
mid-deep;  cheeks  usually  rounded;  brush  mid-sized,  mid-long  to  long. 
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Diehl-Mediterranean  differs  from  Mediterranean  principally  in  having  white 
straw  and  a  smaller  kernel.  A  spike,  glumes,  and  kernels  of  Diehl-Mediter- 
ranean wheat  are  shown  in  plate  35,  A. 

History. — Diehl-Mediterranean  (reg.  no.  169)  was  advertised  and  distrib- 
uted by  Peter  Henderson  &  Co.,  seedsmen,  of  New  York  City,  for  the  first  time 
in  1884,  and  is  said  by  them  to  have  originated  by  fertilizing  the  Red  Mediter- 
ranean with  the  pollen  of  the  Diehl  (110,  1884).  The  same  history  is  given 
in  an  article  in  the  Rural  New  Yorker  of  the  same  year,  in  which  it  is  also 
said  that  the  variety  was  originated  in  Monroe  County,  N.Y.,  but  by  whom  was 
not  noted  (13).  The  Diehl  wheat  was  a  white-kerneled  variety  with  a  clavate 
spike,  probably  similar  to  Seneca  Chief.  During  the  late  eighties  Diehl-Medi- 
terranean was  distributed  widely  by  the  United  States  Department  of  Agricul- 
ture in  the  congressional  seed  distribution. 

Distribution. — Estimated  area  in  1929,  36,053  acres,  in  Illinois,  Indiana, 
Kansas,  Michigan,  North  Carolina,  Ohio,  Oklahoma,  Tennessee,  Virginia. 

Synonyms. — Auburn,  Big  Four,  Big  Ten,  Blue  Ridge,  Eclipse,  Hybrid  Medi- 
terranean, Michigan  Bronze,  Michigan  Brown,  Miller's  Choice,  Rattle  Jack, 
Russian  Amber,  Shepherd's  Perfection,  Shepherd's  Prolific,  Spade. 

EUSSTAN 

Description. — Plant  winter  habit,  midseason  to  late,  mid-tall;  stem  white, 
strong ;  spike  awned,  fusiform,  mid-dense,  inclined ;  glumes  glabrous,  brown, 
mid-long,  narrow;  shoulders  wanting  to  narrow,  rounded  to  elevated;  beaks 
2  to  10  mm  long;  awns  3  to  8  cm  long,  sometimes  black;  kernels  red,  mid- 
long,  semihard,  ovate  to  elliptical ;  germ  small ;  crease  mid-wide,  shallow  to 
mid-deep ;  cheeks  rounded  to  angular ;  brush  mid-sized,  mid-long  to  long. 

Russian  differs  from  Diehl-Mediterranean  principally  in  being  later  and 
shorter  and  in  having  narrower  and  darker  colored  glumes  and,  under  some 
conditions,  black  awns. 

History. — Russian  (reg.  no.  170)  was  obtained  from  the  Virginia  Agricul- 
tural Experiment  Station,  Blacksburg,  Va.,  in  1917.  Its  origin  is  undetermined. 
It  is  slightly  different  from  Russian  Amber  listed  as  a  synonym  of  Diehl- 
Mediterranean  and  also  different  from  any  other  wheat  grown  in  the  United 
States  under  the  name  of  Russian. 

Distribution. — Estimated  area  in  1929,  17,054  acres,  in  Indiana,  Kentucky, 
Michigan,  Ohio,  and  Pennsylvania. 

IMPERIAL  AMBER 

Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  usually  white, 
sometimes  faintly  purple  on  lower  internodes,  mid-strong ;  spike  awned,  broadly 
fusiform,  mid-dense,  inclined;  glumes  glabrous,  brown,  long,  mid-wide;  shoul- 
ders wanting  to  narrow,  rounded  to  oblique ;  beaks  3  to  25  mm  long ;  awns 
2  to  8  cm  long;  kernels  red,  mid-long,  soft,  ovate  to  elliptical;  germ  small  to 
mid-sized;  crease  mid-wide,  mid-deep  to  deep,  pitted;  cheeks  usually  rounded; 
brush  mid-sized,  mid-long. 

Imperial  Amber  differs  from  Diehl-Mediterranean  principally  in  having 
longer  glumes  and  beaks. 

History. — The  origin  of  Imperial  Amber  (reg.  no.  171)  is  undetermined. 
Several  samples  have  been  obtained  from  the  Missouri  and  Indiana  Agricultural 
Experiment  Stations.  The  samples  have  varied  slightly  in  length  of  beak  and 
other  minor  characters.  The  strain  above  described  is  a  selection  (C.I.  5338) 
made  by  C.  E.  Leighty  at  the  Arlington  Experiment  Farm,  Rosslyn,  Va.,  from 
a  bulk  sample  obtained  from  the  Missouri  Agricultural  Experiment  Station  in 
1913. 

Distribution. — Estimated  area  in  1929,  217  acres,  all  in  Arkansas. 

Synonyms. — Davidson,  Farmers  Trust. 

GOENS 

Description. — Plant  winter  habit,  early  to  midseason,  mid-tall  to  tall;  stem 
faintly  purple,  strong ;  spike  awned,  fusiform,  mid-dense,  inclined,  easily  shat- 
tered ;  glumes  glabrous,  brown,  mid-long  to  long,  mid-wide ;  shoulders  narrow, 
usually  oblique ;  beaks  1  to  3  mm  long ;  awns  2  to  7  cm  long ;  kernels  red,  mid- 
long,  soft,  ovate;  germ  mid-sized  to  large;  crease  mid-wide,  mid-deep  to  deep, 
sometimes  pitted;  cheeks  usually  rounded;  brush  mid-sized,  mid-long. 
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Goens  differs  from  Diehl-Mediterranean  principally  in  being  earlier  and  in 
having  purple  straw,  more  easily  shattered  spikes,  and  shorter  beaks.  A  spike, 
glumes,  and  kernels  of  Goens  are  shown  in  plate  35,  B. 

History. — Goens  (reg.  no.  172),  under  the  names  Red  Chaff  and  Red  Chaff 
Bearded,  has  long  been  known  in  the  United  States.  According  to  Klippart,  in 
1857  (133,  p.  739)  this  wheat  was  "cultivated  in  Clermont  County,  Ohio,  for 
upward  of  50  years."  He  further  states  that  the  origin  of  the  name  Goens  is 
undetermined.  It  "was  introduced  into  Muskingum  County  (Ohio)  by  John 
Dent  in  1808."  The  Red  Chaff  wheat  mentioned  above,  however,  may  be  only  the 
Mediterranean  variety,  as  Goens  has  been  said  to  be  a  cross  between  Mediter- 
ranean and  Gipsy  made  by  a  man  named  Goens  in  Ohio  and  afterwards  de- 
veloped by  his  son.  Concerning  the  introduction  of  the  variety  into  Shelby 
County,  Ind.,  Russell  G.  East,  county  agent,  Shelbyville,  Ind.,  has  written  as 
follows  :2a 

"Answering  your  inquiry  regarding  Shelby  Red  Chaff  wheat.  The  year  1887 
a  man  named  Hall  living  at  Fountaintown,  in  this  county,  purchased  a  carload 
of  seed  wheat  in  Paulding  County,  Ohio.  From  this  start  this  variety  has  be- 
come the  common  variety  grown  throughout  the  county  and  has  been  known 
locally  as  Hall,  Red  Hall,  Red  Chaff,  and  Red  Chaff  Bearded." 

The  names  Going  and  Owen  are  commonly  used  on  Ohio  farms  for  Goens. 
Hall  and  Red  Hall  are  names  used  for  a  wheat  identical  with  Goens  in  Indiana, 
particularly  in  Hancock  and  Shelby  Counties,  where  it  has  been  grown  for  20 
to  25  years.  According  to  J.  E.  Barrett,  of  Fortville,  Ind.,  the  variety  was 
named  Hall  for  J.  M.  Hall,  the  man  who  first  took  the  wheat  into  Hancock 
County.  Red  Chaff  and  Red  Chaff  Bearded,  as  indicated  above,  are  old  names 
now  most  commonly  used  for  Goens  wheat  in  Indiana,  Ohio,  and  Illinois.  Red 
Chaff  was  reported  from  several  other  States,  but,  as  this  name  is  used  also 
for  other  varieties,  the  distribution  of  Goens  wheat  as  Red  Chaff  cannot  be 
definitely  determined.  Shelby  Red  Chaff  is  the  name  adopted  by  the  farm 
bureau  executive  board  of  Shelby  County,  Ind. 

Distribution. — Estimated  area  in  1929,  24,930  acres,  in  Ohio,  Indiana,  and 
Michigan. 

Synonyms. — Baldwin,  Cummings,  Dunlap,  Dunlop,  Going,  Hall,  Miller's  Pride, 
Owen,  Red  Chaff,  Red  Chaff  Bearded,  Red  Hall,  Shelby  Red  Chaff. 

IOBRED 

Description.— Plant  winter  habit,  midseason  to  late,  mid-tall  to  tall;  stem 
white,  mid-strong  to  strong ;  spike  awned,  fusiform,  mid-dense,  erect  to  inclined, 
easily  shattered ;  glumes  glabrous,  brown,  mid-long,  nar- 
row to  mid-wide ;  shoulders  narrow  to  mid-wide,  rounded 
to  elevated;  beaks  2  to  10  mm  long;  awns  3  to  8  cm 
long ;  kernels  red,  short,  hard,  ovate ;  germ  mid-sized ; 
crease  mid-wide,  mid-deep ;  brush  mid-sized,  mid-long. 

History. — Iobred  (reg.  no.  236)  was  produced  at  the 
Iowa  Agricultural  Experiment  Station,  Ames,  Iowa,  in 
cooperation  with  the  Division  of  Cereal  Crops  and  Dis- 
eases, Bureau  of  Plant  Industry,  United  States  Depart- 
ment of  Agriculture.  It  is  a  selection  of  Banat  (Iowa 
No.  1661)  made  in  1915  by  L.  C.  Burnett.  It  was  first 
distributed  for  commercial  growing  in  1923.  It  was 
registered  (58)  as  an  improved  variety  in  1926.  The 
tSnEof  Iobred  wheat  superior  characters  of  Iobred  for  Iowa  conditions  are 
in  1929.  Estimated  winter  hardiness,  strong  straw,  and  high  quality.  Under 
area,  107,892  acres.      dry  conditions,  or  if  allowed  to  stand  too  long,  the  grain 

shatters  badly. 
Distribution. — Estimated  area  in  1929,  107,892  acres,  grown  in  five  States, 
as  shown  in  figure  66. 

ASHKOF 

Description. — Plant  winter  habit,  mid-tall  to  tall;  stem  white,  mid-strong  to 
strong;  spike  awned,  fusiform,  mid-dense  to  lax,  inclined  to  nodding,  easily 
shattered;  glumes  light  brown,  sometimes  black  striped,  mid-long,  narrow  to 
mid-wide ;  shoulders  wanting  to  narrow,  rounded  to  elevated ;  beaks  1  to  5  mm 


\ 

^"^^-Jg    w 

I 

i 

*x 

22  Correspondence  of  the  Division  of  Cereal  Crops  and  Diseases.     Mar.  1,  1922. 
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Plate  35 


Piehl-Mediterranean  {A)  and  Goens  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 


Tech.  Bui.  459.  U.S.  Dept.  of  Agriculture 


Plate  36 


Mediterranean  (^4)  and  Red  Kock  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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long;  awns  3  to  8  cm  long;  kernels  red,  mid-long,  hard,  ovate;  germ  small; 
crease  mid-wide,  mid-deep ;  cheeks  rounded ;  brush  small,  mid-long. 

Ashkof  is  resistant  to  several  forms  of  bunt. 

History.— Ashkof  (reg.  no.  235)  was  developed  at  the  Ashland  Branch 
Station  of  the  Wisconsin  Agricultural  Experiment  Station.  It  is  a  selection 
from  Malakof  made  by  E.  J.  Delwiche  in  1911.  Ashkof  is  similar  to  the  Hun- 
garian type  of  hard  red  winter  wheat  except  that  the  glumes  are  brown.  It 
more  closely  resembles  Pesterboden  than  Turkey.  It  was  registered  in  1926 
(58),  its  superior  characters  being  winter  hardiness  and  high  yield.  It  was 
first  distributed  for  commercial  growing  in  the  fall  of  1923. 

Distribution. — Estimated  area  in  1929,  1,382  acres,  all  in  Wisconsin. 


Description. — Plant  winter  habit,  midseason,  mid-tall ;  stem  white  and  purple 
mixed,  weak  to  mid-strong;  spike  awned,  fusiform,  mid-dense,  inclined  to  nod- 
ding; glumes  glabrous,  brown,  mid-long,  narrow  to  mid-wide,  rounded  to 
oblique ;  beaks  2  to  10  mm  long ;  awns  3  to  8  cm  long ;  kernels  red,  mid-long, 
hard,  ovate ;  germ  mid-sized ;  crease  mid-wide  to  wide,  mid-deep ;  cheeks 
rounded  to  angular ;  brush  mid-sized,  mid-long. 

History. — Enid  wheat  was  developed  from  a  brown-glumed  plant  selected  in 
a  field  of  Turkey  wheat  by  Walter  Krienke,  near  Enid,  Okla. 

"  Walter  found  several  heads  in  the  field  with  the  hull  red  and  the  straw 
was  stronger  and  the  heads  were  much  larger ;  so  he  took  these  few  heads  and 
threshed  them  with  his  hands  and  then  took  the  seed  and  planted  them  on 
a  little  spot  of  ground  where  there  was  no  other  wheat.  He  kept  that  up 
until  he  had  enough  seed  to  sow  the  whole  field  with  the  red-hulled  wheat, 
and  now  most  of  the  farmers  here  are  planting  it  as  it  does  better  than  most 
any  other  kind."  a3 

It  was  grown  widely  in  Garfield  County,  Okla.,  in  1932. 

Distribution. — Grown  in  Oklahoma  since  1930. 

Synonym. — Enid  Strain. 

REDHULL 

Description. — Redhull  is  a  mixed  type  of  hard  red  winter  wheat  as  commer- 
cially grown.  The  predominating  type  is  awned  and  has  brown  glumes  with 
black  stripes. 

History. — Redhull  is  reported  to  have  been  developed  from  a  brown-glumed 
selection  from  a  field  of  Blackhull  at  Haven,  Kans.,  by  F.  E.  Tonn  in  1921.* 
Seed  was  increased  and  sold  by  R.  M.  Woodruff  of  Pratt,  Kans. 

Distribution. — Estimated  area  in  1929,  7,255  acres,  in  Kansas  and  Oklahoma. 

LADOGA 

Description, — Plant  spring  habit,  midseason,  mid-tall  to  tall;  stem  faintly 
purple  on  lower  internodes,  mid-strong ;  spike  awned,  fusiform,  mid-dense,  in- 
clined to  nodding ;  glumes  glabrous,  brown,  short  to  mid-long,  narrow  ;  shoulders 
narrow,  usually  rounded ;  beaks  variable ;  awns  2  to  9  cm  long ;  kernels  red, 
mid-long,  hard,  ovate ;  germ  mid-sized ;  crease  mid-wide,  mid-deep ;  cheeks 
usually  angular ;  brush  small,  mid-long. 

All  commercial  samples  of  Ladoga  wheat  are  variable  in  beak  length,  as 
stated,  ranging  from  1  to  5  mm  to  as  long  as  3  to  25  mm.  A  selection  obtained 
from  C.  E.  Saunders,  of  Ottawa,  Canada,  has  beaks  only  1  to  2:  mm  long. 

History.— Ladoga  (reg.  no.  177)  wheat  was  introduced  into  Canada  from 
Russia,  where  it  was  grown  in  latitude  60°  N.,  near  Lake  Ladoga,  north  of 
Leningrad,  nbout  1888.  It  was  sent  by  the  Canadian  Department  of  Agricul- 
ture to  several  hundred  farmers  in  northwestern  Canada  from  1888  to  1893, 
in  the  hope  that  it  would  provide  a  wheat  ripening  earlier  than  Red  Fife  (180). 
By  1893,  milling  and  baking  tests  had  shown  that  the  variety  was  of  poor 
quality,  and  its  further  distribution  was  not  encouraged.  Spring  Turkey  is 
the  name  used  for  wheat  apparently  identical  with  Ladoga,  which  is  grown  both 
as  mixtures  and  pure  in  Montana  and  Wyoming.  The  writers  are  of  the 
opinion  that  this  is  the  Ladoga  variety. 


23  Letter  from  Fred  Moehle,  route  1,  Enid,  Okla.,  dated  Mar.  17,  1934. 

**  Woodruff,  R.  M.     23-page  pamphlet  on  wheat  varieties.     No  date.     Pratt,  Kans. 
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Distribution. — Estimated  area  in  1929,  9,533  acres,  grown  mostly  under  the 
name  Spring  Turkey  in  Montana  and  Wyoming. 
Synonym. — Spring  Turkey. 

SEA    ISLAND 

Description. — Sea  Island  is  a  mixed  lot  of  wheat  as  commercially  grown,  the 
predominating  type  being  similar  to  Ladoga,  except  in  having  more  purple 
stems. 

History. — Sea  Island  is  a  spring  wheat  that  was  quite  commonly  grown  dur- 
ing the  nineties  but  has  largely  gone  out  of  cultivation.  The  origin  of  the 
variety  is  undetermined. 

Distribution. — Estimated  area  in  1929,  8,383  acres,  in  Colorado,  Kansas,  Mis- 
souri, Iowa,  Oregon,  and  Wyoming. 

WHITEMAN     (HURDSFIELD) 

Description, — Plant  spring  habit,  midseason  to  late,  tall ;  stem  purple,  strong ; 
spike  awned,  oblong  to  subclavate  (common-club  intermediate),  very  dense, 
erect;  glumes  glabrous,  brown,  short,  mid-wide;  shoulders  mid-wide,  rounded 
to  elevated ;  beaks  3  to  25  mm  long ;  awns  2  to  6  cm  long ;  kernels  red,  short, 
semihard  to  hard,  ovate  to  elliptical ;  germ  small  to  mid-sized ;  crease  wide, 
deep ;  brush  mid-sized,  short. 

History. — Whiteman  is  said  to  have  been  developed  by  Clyde  Whiteman,  near 
Hurdsfield,  N.Dak.,  by  "planting  alternate  rows  of  Marquis  and  Preston  with 
the  idea  of  getting  some  hybrids."  Mr.  Whiteman  distributed  seed  of  the 
variety  in  1927.  It  appears  to  be  the  result  of  a  cross  between  a  common  and 
a  club  wheat  and  resembles  the  intermediate  or  Pi  type  of  plant. 

Distribution. — Estimated  area  in  1929r  3,532  acres,  in  Mountrail  and  Wells 
Counties,  N.Dak. 

Synonym. — Hurdsfield. 

DENTON 

Description. — Denton  differs  from  Mediterranean  principally  in  having  white 
stems.  It  is  taller,  has  stiffer  stems  and  a  denser  spike,  and  is  resistant  to  leaf 
rust. 

History. — Denton  (reg.  no.  255)  was  developed  (139)  by  the  Texas  Agricul- 
tural Experiment  Station  at  substation  no.  6,  Denton,  as  a  plant  selection  from 
Mediterranean.  The  selection  was  made  in  1918,  at  which  time  A.  H.  Leidigh 
was  agronomist  and  C.  H.  McDowell  superintendent  of  the  substation.  The 
variety  was  distributed  for  commercial  growing  in  1926  and  was  registered 
(63)  in  1927,  because  of  its  high  yields  in  experiments  at  Denton  and  its 
resistance  to  leaf  rust  and  because  its  stems  were  stronger  than  those  of 
Mediterranean. 

Distribution. — Estimated  area  in  1929,  16,270  acres,  in  Texas  and  Oklahoma. 

MEDITERRANEAN 

Description. — Plant  winter  habit,  midseason,  tall ;  stem  purple,  mid-strong  to 
strong,  coarse;  spike  awned,  fusiform,  mid-dense  to  lax,  erect  to  inclined, 
easily  shattered ;  glumes  glabrous,  brown,  long,  mid-wide ;  shoulders  wanting 
to  narrow,  rounded  to  oblique ;  beaks  1  to  8  mm  long ;  awns  3  to  8  cm  long ; 
kernels  red,  long,  soft,  elliptical;  germ  mid-sized;  crease  mid-wide,  mid-deep; 
cheeks  rounded ;  brush  mid-sized,  mid-long. 

A  spike,  glumes,  and  kernels  of  Mediterranean  are  shown  in  plate  36,  A. 

History. — Reference  to  the  Mediterranean  (reg.  no.  180)  variety  in  Ameri- 
can literature  begins  in  1842,  when  the  variety  was  widely  grown,  with  the 
statement  that  it  had  been  introduced  some  years  before.  One  writer  says 
(103,  p.  228)  it  was  introduced  into  Maryland  from  the  Mediterranean  Sea 
region  in  1837.  In  1863  it  was  recorded  (1^3,  p.  501)  that  it  was  introduced  in 
1819  from  Genoa,  Italy,  by  John  Gordon,  of  Wilmington,  Del.  It  came  into 
prominence  in  New  York  between  1845  and  1855,  from  which  time  its  culture 
spread  rapidly  westward.  Its  early  popularity  apparently  was  gained  because 
it  was  more  resistant  to  Hessian-fly  damage  than  other  varieties.  It  was  found 
also  to  be  several  days  earlier  than  the  winter  wheats  commonly  grown  at  that 
time,  such  as  Bluestem,  Red  Bluestem,  Golden  Straw,  and  others.  It  was 
called  rust  resistant  probably  because  of  its  earliness,  and  was  commended 
as  a  high  yielder  of  especially  heavy  grain  and  adapted  to  poorer  soils  than 
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most  varieties.  White  wheats  being  the  standard,  it  was  vigorously  criti- 
cized, especially  by  millers,  because  its  red  kernels  yielded  a  dark  flour  and 
because  of  the  thickness  of  the  bran.  This  disapproval  persisted  for  at  least 
25  years,  but  after  the  introduction  of  roller  mills  it  became  recognized  as  a 
good  milling  wheat.  In  the  earlier  years  it  became  known  under  many  differ- 
ent names,  as  Bearded 
Mediterranean,  Red 
Mediterranean,  and  Red 
Chaff  Mediterranean,  to 
distinguish  it  from 
other  and  different  va- 
rieties to  which  the 
name  Mediterranean  be- 
came attached.  Other 
synonyms  were  Colum- 
bian and  Quaker  in 
Pennsylvania  and  Ger- 
man in  Maryland. 
These  names  apparently 
now  have  gone  out  of 
use.  Other  names  are 
frequently  used  for  the 
variety.  The  early  con- 
fusion in  names  prob- 
ably was  the  result  of 
repeated   introductions. 

Distribution. — Esti- 
mated area  in  1929,  542,- 
793  acres.  This  acreage 
was  reported  from  20 
States,  Texas,  Okla- 
homa, Illinois,  and  Missouri  leading  in  acreage  (fig.  67).  The  acreage  decreased 
from  2,770,100  acres  in  1919  to  599,967  acres  in  1924. 

Synonyms. — Acme,  Bluestem,  Farmers  Trust,  Great  Western,  Key's  Prolific, 
Lancaster  Red,  Lehigh,  Miller,  Miller's  Pride,  Missouri  Bluestem,  Mortgage 
Lifter,  Red  Chaff,  Red  Sea,  Red  Top,  Rocky  Mountain,  Standby,  Swamp. 

BED  BOCK 
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Figure  67.- 


-Distribution  of  Mediterranean  wheat  in  1929 
Estimated   area,   542,793   acres. 


Description. — Red  Rock  is  similar  to  Mediterranean  except  for  a  slightly 
longer,  wider,  and  laser  spike  and  a  harder  kernel  having  a  wider  and  deeper 
crease.     It  yields  better  than  Mediterranean  in  Michigan  and  is  superior  to  it 

for  milling  and  breadmaking. 

A  spike,  glumes,  and  kernels  of  Red  Rock 
are  shown  in  plate  36,  B. 

History. — Red  Rock  (reg.  no.  181)  was 
originated  at  the  Michigan  Agricultural 
Experiment  Station  from  an  individual 
kernel  picked  out  of  a  white  wheat  called 
Plymouth  Rock.  The  selection  was  first 
sown  in  the  fall  of  1908.  By  1914,  60  bush- 
els were  sent  out  by  the  experiment  station 
to  as  many  farmers,  1  bushel  being  fur- 
nished each  farmer.  In  1915,  69  bushels 
were  distributed  in  the  same  way.  It  is 
estimated  that  in  the  fall  of  1915,  1,000 
bushels  of  Red  Rock  wheat  were  sown  in 
various  parts  of  Michigan  (200,  p.  3). 
Distribution. — Estimated  area  in  1929, 
261,246  acres,  grown  in  12  States,  as  shown  in  figure  68,  87  percent  of  the 
acreage  being  reported  from  Michigan. 


b'luUKB  03. — Distribution  of  Red  Rock 
wheat  in  1929.  Estimated  area, 
261,246  acres. 


BERKELEY    ROCK 


Description. — Plant  winter  habit,  late,  tall;  stem  purple,  mid  strong;  spike 
awned,  linear-fusiform ;  mid-dense,  inclined ;  glumes  glabrous,  brown,  mid-long, 
mid-wide ;  shoulders  wanting  to  mid-wide,  rounded  to  elevated ;  beaks  1  to  2 
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mm  long;  awns  3  to  8  cm  long;  kernels  red,  mid-long,  semihard,  ovate  to 
elliptical ;  germ  mid-sized ;  crease  mid-wide,  mid-deep ;  cheeks  rounded ;  brush 
large,  mid-long. 

Berkeley  Hock  differs  from  Red  Rock  in  being  taller  and  in  having  shorter 
beaks  and  harder  kernels.     It  is  resistant  to  bunt. 

History. — Berkeley  Rock  was  developed  (81)  at  the  Michigan  Agricultural 
Experiment  Station  by  F.  A.  Spragg  from  a  cross  between  Red  Rock  and 
Berkeley  (Turkey)  made  in  1912.  The  selection  later  named  Berkeley  Rock 
was  made  in  1915  and  seed  was  distributed  for  commercial  growing  in  1922. 

Distribution. — Estimated  area  in  1929,  17,433  acres,  in  Michigan  and  Pennsyl- 
vania. 

HYPEB 

Description. — Plant  spring  habit,  early  to  midseason,  short  to  mid-tall ;  stem 
white,  mid-strong  to  strong;  spike  awned,  oblong,  dense,  erect  to  inclined; 
glumes  pubescent,  white,  short,  mid-wide;  shoulders  wanting  to  mid-wide, 
rounded  to  elevated ;  beaks  3  to  25  mm  long ;  awns  black,  2  to  6  cm  long ;  kernels 
white,  mid-long,  soft  to  semihard,  ovate;  germ  small  to  mid-sized;  crease  mid- 
wide  to  wide,  mid-deep;  cheeks  rounded;  brush  mid-large,  mid-long. 

History. — Hyper  was  developed  by  S.  C.  Andrews,  a  farmer  living  near 
Ephrata,  Wash.  In  a  letter,  Mr.  Andrews  gave  the  following  account  of  its 
origin  :25 

"  I  found  one  stool  of  three  heads  of  this  wheat  the  season  of  1924  in  a 
field  of  (Pacific)  Bluestem.  The  Bluestem  was  badly  dried  up  with  hot  winds. 
These  three  heads  were  undamaged,  and  that  is  the  outstanding  characteristic 
of  this  wheat.  *  *  *  In  point  of  yield  Hyper  has  proven  superior  to 
Baart  only  when  wheat  ripens  up  with  a  hot  wind." 

The  earliness,  pubescent  glumes,  and  black  awns  suggest  that  Prelude  may 
have  been  one  parent. 

Distribution. — Grown  in  Grant  County,  Wash.,  since  1929. 

KRUSE 

Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  white,  mid- 
strong;  spike  awned,  oblong,  mid-dense  to  dense,  erect  to  inclined;  glumes 
pubescent,  white,  mid-long,  mid-wide;  shoulders  mid-wide,  oblique  to  square; 
beaks  1  to  3  mm  long;  awns  3  to  6  cm  long;  kernels  red,  mid-long,  soft  to 
semihard,  oval;  germ  mid-sized;  crease  wide,  deep;  cheeks  angular;  brush 
small,  mid-long. 

Kruse  is  resistant  to  some  forms  of  bunt. 

History. — Kruse  wheat  was  selected  by  Herman  Kruse,  of  Bercail,  Mont., 
from  a  field  of  Kanred  in  1922.  The  selection  was  increased  but  never  did  well 
in  Montana  chiefly  because  of  lack  of  winter  hardiness.  In  1925  a  14-pound 
sample  was  sent  to  a  brother,  F.  C.  Kruse,  Benson  Station,  Omaha,  Nebr. 
The  variety  was  increased  until  the  fall  of  1929,  when  it  was  offered  for  sale. 
At  this  time  some  648  bushels  were  available.  The  variety  was  popular  with 
some  growers  because  of  its  large  heads  and  stiff  straw.  It  is  possible  that 
Kruse  wheat  is  the  result  of  a  field  hybrid  between  Jones  Fife  and  Kanred. 

Distribution. — Grown  in  Nebraska  since  1930. 

QUIVIRA 

Description. — Plant  winter  habit,  early,  mid-tall;  stem  white,  mid-strong; 
spike  awned,  fusiform,  mid-dense  to  dense,  inclined  to  nodding,  easily  shat- 
tered; glumes  pubescent,  white,  mid-long,  mid-wide;  shoulders  narrow,  want- 
ing to  square ;  beaks  2  to  8  mm  long ;  awns  3  to  6  cm  long,  sometimes  black ; 
kernels  red,  mid-long,  hard,  ovate;  germ  small;  crease  mid-wide,  mid-deep; 
cheeks  rounded;  brush  small,  mid-long. 

History. — Quivira  (reg.  no.  273)  was  produced  from  a  hybrid  between  Prel- 
ude (female)  X Kanred  (male).  The  cross  was  made  by  V.  H.  Florell  in  1920 
at  the  United  States  Plant  Introduction  Garden,  Chico,  Calif.  Seed  from  the 
Fj  plants  was  sent  to  the  Kansas  Agricultural  Experiment  Station,  Man- 
hattan, Kans.,  for  fall  seeding  in  1921.  Selections  were  made  at  Manhattan 
by  J.  II.  Parker.    The  selection  from  which  Quivira  resulted  was  grown  in  an 


25  Letter  from  S.  C.  Andrews,  Ephrata,  Wash.,  dated  Dec.  21,  1933. 
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8-foot  row  in  1925  and  in  a  replicated  rod-row  nursery  in  1926-27.    It  has  been 
grown  in  plot  experiments  since  the  fall  of  1928.     It  was  registered   (56)   in 
1932,  its  principal  advantages  being  that  it  is  from  6  to  7  days  earlier  than 
Kanred  and  higher  yielding. 
Distribution. — Grown  in  Kansas  since  1933. 

PRELUDE 

Description. — Plant  spring  habit,  early,  short ;  stem  usually  white,  sometimes 
faintly  purple  on  lower  internodes,  mid-strong;  spike  awned,  fusiform,  mid- 
dense,  erect,  easily  shattered ;  glumes  pubescent,  yellowish,  mid-long,  mid-wide ; 
shoulders  narrow,  oblique  to  square;  beaks  2  to  5  mm  long;  awns  black,  2  to 
5  cm  long;  kernels  dark  red,  short,  hard,  ovate,  truncate;  germ  mid-sized; 
crease  mid-wide,  shallow  to  mid-deep,  triangular ;  cheeks  angular ;  brush  small, 
short. 

Prelude  is  distinguished  from  other  varieties  by  its  early  maturity  and  its 
black  awns.  It  shatters  easily  and  therefore  should  be  harvested  before  it  is 
entirely  ripe.  It  usually  is  a  low-yielding  variety  but  is  adapted  to  northern 
latitudes,  where  its  earliness  enables  it  to  escape  fall  frosts.  It  also  has 
shown  to  advantage  in  some  years  in  experiments  on  the  southern  border  of  the 
spring-wheat  sections  of  the  Great  Plains  area,  where  early  maturity  is  an 
important  factor.  In  this  area,  however,  winter  wheat  outyields  spring  wheat. 
Prelude  is  an  excellent  milling  and  breadmaking  variety. 

History. — Prelude  (reg.  no.  187)  was  originated  by  C.  E.  Saunders,  cerealist 
of  the  Dominion  Department  of  Agriculture,  at  the  Central  Experimental  Farm, 
Ottawa,  Canada  (179,  p.  118).  The  parentage  of  Prelude  is  shown  by  Buller 
(44,  p.  186),  as  follows: 

Ladoga  (f)  X  White  Fife  (m) A.  P.  Saunders,  1888 

Alpha  (f)  X  Hard   Red   Calcutta  (m) A.  P.  Saunders,  1892 


I 
Fraser  (m)  X  (downy)  Gehun  (f)__ C.  E.Saunders,  1903 


Prelude 

Prelude  was  first  distributed  in  Canada  in  1913.  It  was  introduced  into 
the  United  States  by  the  United  States  Department  of  Agriculture  in  1915  for 
experimental  purposes.  Prelude  wheat  has  been  distributed  as  Wisconsin 
Wonder  by  H.  E.  Krueger,  of  Beaver  Dam,  Wis.  In  advertising  the  variety 
Mr.  Krueger  claims  to  have  originated  it  from  a  plant  selected  in  a  field  of 
Marquis  about  1910.  The  distribution  of  Wisconsin  Wonder  wheat  dates  from 
1916. 

Distribution. — Estimated  area,  2,167  acres  in  1929,  in  North  Dakota  and 
South  Dakota. 

Synonym. — Wisconsin  Wonder. 

HUMPBACK 

Description. — Plant  spring  habit,  late,  tall;  stem  white,  mid-strong;  spike 
awned,  fusiform,  mid-dense  to  lax,  inclined ;  glumes  pubescent,  white,  long, 
mid-wide ;  shoulders  usually  wanting,  sometimes  narrow,  oblique ;  beaks  2  to  8 
mm  long;  awns  3  to  8  cm  long;  kernels  pale  red,  mid-long  to  long,  semihard, 
ovate,  humped;  germ  large;  crease  mid-wide,  deep,  pitted;  cheeks  rounded  to 
angular;  brush  small,  long. 

This  variety  is  distinct  because  of  its  pubescent  glumes  and  its  rather  large, 
soft  kernels,  which  are  distinctly  humped.  It  is  a  very  poor  milling  and  bread- 
making  variety. 

History. — Humpback  (reg.  no.  188)  was  originated  from  field  selections  made 
by  J.  P.  Berglund,  a  farmer  living  near  Kensington,  Minn.  (208,  p.  1).  The  orig- 
inal head  probably  was  the  result  of  a  natural  field  hybrid.  Two  strains  were 
developed,  the  first  being  the  strain  above  described,  which  was  distributed 
about  1905.  The  second  has  glabrous  glumes,  but  is  otherwise  similar.  It  is 
described  elsewhere  as  Dixon.    Bearded  Bluestem  is  the  name  by  which  the 


128    TECHNICAL   BULLETIN    45  9,    U.    S.   DEPT.    OF   AGRICULTURE 

variety  was  first  distributed  by  Mr.  Berglund,  but  the  name  Humpback  soon 
became  attached  to  the  variety  and  the  use  of  the  name  Bearded  Bluestem 
largely  has  been  discontinued. 

Distribution. — Estimated  area,  13,377  acres  in  1929,  of  which  12,712  were 
reported  from  northwestern  Nebraska  and  665  from  west-central  Minnesota. 
The  acreage  reported  as  Humpback  from  Nebraska  is  thought  to  be  largely 
Dixon,  the  glabrous-glumed  Humpback,  sometimes  also  called  Ghirka. 

Synonyms. — Bearded  Bluestem,  Ghirka,  World  Beater. 


PEN  QUITE 

Description. — Plant  winter  habit,  midseason,  mid-tall;  stem  purple,  mid- 
strong  ;  spike  awned,  fusiform,  mid-dense,  nodding,  easily  shattered ;  glumes 
pubescent,  brown,  long,  mid-wide ;  shoulders  wanting  to  narrow,  usually  oblique ; 
beaks  1  to  2  mm  long ;  awns  3  to  7  cm  long ;  kernels  red,  mid-long,  soft,  ovate, 
humped ;  germ  mid-sized ;  crease  mid-wide,  mid-deep ;  cheeks  rounded ;  brush 
small,  mid-long. 

History. — According  to  Thorne  (210,  p.  618)  : 

"  Penquite  [reg.  no.  189]  originated  in  Clinton  County,  Ohio,  where  in  1857 
or  1858  Abram  Penquite,  while  cradling  in  a  field  of  wheat,  noticed  three  heads 
of  a  different  variety  from  the  rest  of  the  field.  These  he  saved  and  propa- 
gated, and  from  them  has  come  the  wheat  now  widely  known  in  southwestern 
Ohio  as  the  Velvet  Chaff." 

Japanese  Velvet  Chaff  is  the  name  under  which  a  wheat  identical  with  Pen- 
quite  was  obtaiiled  by  the  United  States  Department  of  Agriculture  at  the 
Paris  Exposition  in  1900.  It  has  been  grown  in  experiments  in  Virginia  and 
Maryland,  but  is  not  known  to  be  of  commercial  importance. 

Velvet  Chaff  is  the  name  under  which  Penquite  has  been  best  known  in  Ohio 
since  about  1880.  Although  the  name  Velvet  Chaff  has  become  generally  used 
for  the  variety,  it  is  also  confused  with,  and  used  for,  other  varieties,  and  for 
these  reasons  the  name  Penquite  is  here  adopted. 

Distribution. — Estimated  area,  4,049  acres  in  1929,  in  Oklahoma  and  Ohio. 

Synonyms. — Japanese  Velvet  Chaff,  Penquite's  Velvet  Chaff,  Velvet  Chaff. 

CLUB  WHEAT 

The  plants  of  club  wheat  may  be  of  either  winter  or  spring  habit 
and  either  tall  or  short.    The  stems  usually  are  stiff  and  strong.    The 
spikes  usually  are  awnless  but  may  be  awned,  and  are  elliptical,  ob- 
long, or  sometimes  clavate  or  club-shaped, 
short,  usually  less  than  2y2  inches   in 
length,  very  compact,  and  laterally  com- 
pressed.    The  spikelets  usually  contain 
five  fertile  florets  and  spread  at  nearly 
a  right  angle  to  the  rachis.    The  glumes 
and  lemmas  are  persistent,  so  the  grain 
does  not  shatter  easily  when  ripe.    The 
kernels  of  club  wheat  are  small  and  later- 
ally compressed  or  "  pinched  "  because  of 
crowding  in  the  compact  spikes.     Most 
club-wheat  kernels  have  a  small,  short 
brush  and  a  narrow,  very  shallow  crease. 
The  grain  of  most  varieties  is  of  rather 
-Distribution  of  club    poor   quality   for   breadmaking   and   is 
wheats  in  1929.  Estimated  area,    usec[  largely  f  or  biscuit  and  pastry  flours. 

The  club  wheats  are  distinguished 
from  common  wheats  by  the  shorter  and  denser,  laterally  compressed 
spikes.  The  varieties  of  wheat  grown  in  the  eastern  part  of  the 
United  States  often  referred  to  as  club  because  of  having  clavate 
spikes  do  not  belong  to  this  group,  but  are  common  wheats. 


WHEAT   VARIETIES    GROWN    IN    THE    UNITED    STATES  129 

The  nonshattering  and  stiff-strawed  characters  of  club  wheats  are 
of  much  economic  importance  in  the  Pacific  coast  area,  where  they 
are  principally  grown,  because  in  that  area  wheat  commonly  is  har- 
vested with  a  combined  harvester  long  after  the  grain  is  fully  ripe. 
Figure  69  shows  the  distribution  of  club  wheats  in  the  United  States 
in  1929. 

KEY   TO    THE   VARIETIES   OF    CLUB   WHEAT 

la.  Spike  Awnless. 

2a.  Glumes  Glabrous. 
3a.  Glumes  White. 

4a.  Kernels  White  (Triticum  compactum  humboldtii  Koern.). 
Kernels  Short  to  Mid-long. 

Kernels  Soft  to  Semihard.  "ge 

Winter  Habit _ Hybrid  128...      129 

Albit 130 

Intermediate  Habit. 

Plant  short;  glumes  and  kernels  very  short. 

Spike  elliptical Hybrid  143...      130 

Spring  Habit. 

Plant  short,  early. 

Spike  oblong-clavate Poso.. 131 

Plant  tall. 

Spike  oblong-fusiform Little  Club..      131 

Spike  elliptical-clavate Big  Club 131 

Kernels  Semihard  to  Hard. 
Spring  Habit. 

Spike  elliptical Hybrid  63 132 

4b.  Kernels  Red  (T.  compactum  wernerianum  Koern.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 
Spring  Habit. 

Kernels  semihard Hybrid  123...      132 

3b.  Glumes  Brown. 

4a.  Kernels  White  (T.  compactum  rufulum  Koern.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 

Winter  Habit Genro. 132 

Spring  Habit. 

Spike  oblong-fusiform;  glumes  dark  brown. 

Spike  mid-dense Hood 133 

Spike  dense Jenkin 133 

Spike  clavate. 

Glumes  light  brown Redchaff 133 

Glumes  bluish  brown Bluechaff...      134 

2b.  Glumes  Pubescent. 
3a.  Glumes  White. 

4a.  Kernels  Red  (T.  compactum  wittmacldanum  Koern.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 
Intermediate  Habit. 

Spike  elliptical. Coppei 134 

lb.  Spike  Awned. 

2a.  Glumes  Glabrous. 
3a.  Glumes  Brown. 

4a.  Kernels  Red  (T.  compactum  erinaceum  Koern.). 
Kernels  Short  to  Mid-long. 
Kernels  Soft  to  Semihard. 

Spring  Habit Mayview 134 

DESCRIPTION,    HISTORY,   DISTRIBUTION,    AND    SYNONYMY    OF   CLUB    WHEAT 

VARIETIES 

HYBRID    128 

Description. — Plant  winter  habit,  midseason,  mid-tall  to  tall;  stem  white, 
strong;  spike  awnleted,  elliptical,  dense,  erect;  glumes  glabrous,  white,  short, 
wide;  shoulders  narrow,  usually  rounding;  beaks  wide,  obtuse,  0.5  mm  long; 
awnlets  few,  2  to  10  mm  long ;  kernels  white,  short,  soft,  ovate  to  oval,  irregular, 
humped;  germ  mid-sized;  crease  mid-wide,  shallow;  cheeks  angular;  brush 
small,  mid-long. 

Hybrid  128  is  a  true  winter  wheat,  high  yielding,  but  very  susceptible  to  bunt 
or  stinking  smut. 

Spikes,  glumes,  and  kernels  of  Hybrid  128  wheat  are  shown  in  plate  37,  A. 

History.— Hybrid  128  (reg.  no.  190)  was  originated  at  the  Washington  Agri- 
cultural Experiment  Station,  Pullman,  Wash.  Its  history  has  been  recorded 
by  Schafer  and  Gaines  (183,  p.  8)  as  follows: 

81578°-— 35 9 
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"  Hybrid  128  is  a  cross  between  Jones  Winter  Fife  and  Little  Club.  It  was 
originated  in  1899  by  Prof.  W.  J.  Spillman.  After  being  selected  and  tested 
for  eiglit  years  it  was  distributed  to  ranchers  for  further  testing." 

Professor  Spillman  started  his  work  in  wheat  breeding  at  the  Washington 
Agricultural  Experiment  Station  in  1899.  Valuable  results  were  obtained, 
Hybrid  128  being  only  one  of  the  varieties  which  resulted  from  the  first  crosses. 
The  work  was  hardly  commenced,  however,  before  he  left  the  institution,  and 
the  important  task  of  making  the  selections,  testing  the  many  strains,  and 
distributing  the  new  varieties  was  left  to  other  workers.  His  work  with  wheat, 
however,  resulted  in  some  of  the  very  earliest  discoveries  of  the  fundamental 
principles  of  heredity  in  plant  breeding.  He  left  Pullman  in  June  1902,  and  it 
was  not  until  1909  that  he  published  the  results  of  his  studies  in  hybridization 
(198).  In  the  same  year  he  published  a  more  popular  bulletin  from  the  Wash- 
ington Agricultural  Experiment  Station,  which  gave  some  of  the  results  of  his 
early  experiments  (199). 

The  wheat  breeding  at  Pullman  was  continued  by  E.  E.  Elliott  and  C.  W. 
Lawrence  (85),  who  were  largely  responsible  for  the  distribution  of  some  of  the 
earlier  hybrid  varieties,  including  Hybrid  128. 

Since  1929  a  considerable  acreage  of  Hybrid  128  has  been  replaced  by  Albit  in 
Whitman  and  Columbia  Counties,  Wash.,  and  by  Federation  in  Umatilla  County, 
Orcg.,  and  Walla  Walla  County,  Wash. 

Distribution. — Estimated   area   in   1929,   356,910   acres, 
grown  in  Washington,  Oregon,  and  Idaho,  as  shown  in 
figure  70. 
Synonyms. — Washington  Hybrid  128,  White  Hybrid. 

ALBIT 

Description. — Albit  differs  from  Hybrid  128  in  having 
slightly  longer  spikes,  less  harsh  glumes,  slightly  longer 
awnlets  (3  to  15  mm  long),  and  sometimes  lighter  green 
leaves.  It  is  resistant  to  some  forms  of  bunt,  is  less 
widely  adapted,  and  has  a  slightly  lower  test  weight  than 
Hybrid  128.  Spikes,  glumes,  and  kernels  of  Albit  wheat 
are  shown  in  plate  37,  B. 

History. — Albit  (reg.  no.  258)  was  developed  by  the 
Washington  Agricultural  Experiment  Station  from  a  cross  made  by  E.  F. 
Gaines,  in  1920,  between  Hybrid  128  and  White  Odessa  (C.  I.  4655).  The 
selection,  later  named  Albit,  was  made  in  1923  and  released  for  commercial 
production  in  the  fall  of  1926.  It  was  registered  (63)  as  an  improved  variety 
in  1927.  Because  of  its  bunt  resistance,  the  acreage  of  Albit  increased  rapidly 
in  the  heavier  rainfall  sections  of  the  Palouse. 

Distribution. — Estimated  area  in  1929,  78,190  acres,  in  Washington  and 
Idaho.  This  distribution  is  shown  in  figure  71.  Since  1929  the  acreage  has 
increased  rapidly. 

HYBRID   143 

Description. — Plant  winter  intermediate  habit,  midsea- 
son  to  late,  short  to  mid-tall;  stem  white,  strong;  spike 
awnleted,  elliptical,  dense,  erect ;  glumes  glabrous,  white, 
short,  wide ;  shoulders  mid-wide,  usually  rounded ;  beaks 
wide,  obtuse,  0.5  mm  long ;  awnlets  few,  2  to  10  mm  long ; 
kernels  white,  very  short,  soft,  ovate  to  oblong,  humped; 
germ  small  to  mid-sized ;  crease  narrow,  shallow ;  cheeks 
angular ;  brush  very  small,  short  to  mid-long. 

Hybrid  143  is  distinct  in  having  very  short  kernels. 

History. — Hybrid  143  (reg.  no.  193)  was  originated  at  the  Washington  Agri- 
cultural Experiment  Station  from  a  cross  between  White  Track  and  Little 
Club,  made  by  W.  J.  Spillman  in  1899.  It  was  first  distributed  in  1907  by  the 
Washington  station  and  has  been  grown  both  from  fall  and  spring  sowing. 

The  name  Shot  Club  is  sometimes  used  for  Hybrid  143  because  of  its  peculiar 
short,  roundish,  shotlike  kernels. 

Distribution. — The  estimated  area  of  Hybrid  143  decreased  from  49,500  acres 
in  1919  to  10,198  in  1929,  when  it  was  reported  in  Nez  Perce  and  Kootenai 
Counties,  Idaho,  and  Whitman  County,  Wash. 

Synonyms. — Shot  Club,  White  Hybrid. 


Figure  70. — Distribu- 
tion of  Hybrid  128 
wheat  in  1929.  Es- 
timated area,  356,- 
910  acres. 


Figure  71. — Distribu- 
tion of  Albit  wheat 
in  1929.  Estimated 
area,  78,190  acres. 
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POSO 

Description. — Plant  spring  habit,  early,  short;  stem  white,  strong;  spike 
awnleted,  dense,  oblong  to  clavate;  glumes  glabrous,  white  (sometimes  light 
brown  striped ) ,  mid-long,  mid-wide ;  shoulders  mid-wide,  rounded  ;  beaks  wide, 
obtuse,  0.5  mm  long;  awnlets  few,  3  to  15  mm  long;  kernels  white,  short,  soft, 
ovate,  humped,  truncate;  germ  mid-large  to  large;  crease  narrow,  shallow; 
cheeks  rounded;  brush  large,  short. 

History. — Poso  was  developed  by  W.  W.  Mackie,  of  the  California  Agricul- 
tural Experiment  Station,  from  a  cross  between  Little  Club  and  Clarendon,  an 
Australian  variety  of  common  wheat.  It  was  distributed  for  growing  in 
Solano  County,  Calif.,  in  1930. 

Distribution. — Grown  in  California  since  1930. 

LITTLE   CLUB 

Description. — Plant  spring  habit,  late,  mid-tall  to  tall;  stem  white,  strong; 
spike  awnleted,  oblong-fusiform,  dense,  erect;  glumes  glabrous,  white,  mid- 
long,  mid-wide ;  shoulders  mid-wide,  usually  rounded ;  beaks  wide,  obtuse, 
0.5  mm  long;  awnlets  few,  2  to  10  mm  long;  kernels  white,  short,  soft,  ovate, 
humped,  acute;  germ  small;  crease  narrow,  shallow;  cheeks  angular  to 
rounded;  brush  small,  mid-long. 

Little  Club  is  distinguished  from  other  white-glumed  club  varieties  in  hav- 
ing longer  and  more  slender  spikes  and  slender,  pointed  kernels. 

Spikes,  glumes,  and  kernels  of  Little  Club  wheat  are  shown  in  plate  38,  A. 

History. — The  origin  of  Little  Club  (reg.  no.  191)  is  undetermined.  It  was 
formerly  believed  to  have  been  introduced  from  Chile,  as  considerable  quan- 
tities of  club  wheat  were  shipped  to  the  Pacific  coast  from  Chile  during  the 
sixties  and  seventies. 

It  was  reported  grown  in  Yolo  County,  Calif.,  in  1878  (46,  p.  339).  Ac- 
cording to  Hunter  (125,  p.  24),  Little  Club  probably  was  one  of  the  first 
varieties  of  wheat  grown  in  the  Columbia  Basin  of  Oregon.  For  years  it  was 
the  leading  wheat  in  the  Palouse  district  and  along  the  foothills  of  the  Blue 
Mountains  in  Oregon. 

Little  Club  wheat  was  found  by  Hendry  (111)  in  the  adobe  walls  of  buildings 
erected  during  the  period  from  1701  to  1845  by  Spanish  missionaries  and 
Mexican  ranchers  in  Mexico,  California,  and  Arizona,  and  his  findings  estab- 
lish the  introduction  of  this  variety  from  Mexico  through  the  agency  of  the 
Spanish  missionaries. 

Distribution. — The  estimated  area  of  Little  Club  decreased  from  106,100 
acres  in  1919  to  17,517  acres  in  1929,  grown  in  Oregon,  Washington,  California, 
and  Idaho. 

Synonym. — Small  Club. 

mo  CLUB 

Description. — Plant  spring  habit,  midseason,  mid-tall  to  tall;  stem  white, 
strong;  peduncle  curved;  spike  awnleted,  elliptical  to  clavate,  dense,  erect; 
glumes  glabrous,  white,  mid-long,  mid-wide;  shoulders  mid-wide,  usually 
rounded ;  beaks  wide,  obtuse,  0.5  mm  long ;  awnlets  few,  2  to  5  mm  long ;  ker- 
nels white,  short,  soft,  nearly  oval,  humped ;  germ  small ;  crease  narrow,  shal- 
low; cheeks  usually  angular;  brush  small,  mid-long. 

Big  Club  differs  from  Little  Club  in  having  wider,  shorter,  and  thicker  spikes, 
curved  peduncles,  and  wider  and  rounder  kernels.  The  shape  of  the  spike  is 
very  similar  to  that  of  Hybrid  128.  Spikes,  glumes,  and  kernels  of  Big  Club 
wheat  are  shown  in  plate  38,  B. 

History. — Big  Club  (reg.  no.  192)  is  reported  to  have  been  introduced  into 
Oregon  about  1870  from  Chile  (6).  The  variety  was  widely  grown  in  Oregon 
in  the  seventies  as  Chile  Club  and  Oregon  Club.  It  evidently  was  first  grown 
in  California,  for  in  1866  Chile  Club  was  reported  to  be  "  remarkably  well 
adapted  to  the  soil  and  climate"  of  that  State  (83,  p.  586). 

Regarding  the  history  of  Big  Club,  Hendry26  has  written  as  follows: 

"  I  have  found  Big  Club  in  mixture  with  Little  Club  in  the  adobe  walls  of 
the  Spanish  Mission,  San  Francisco  de  Solano,  erected  during  the  period  1824- 


Letter  from  G.  W.  Hendry.  Berkeley.  Calif.,  dated  Mar.  7,  1934. 
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1830.  Apparently  Big  Club  existed  as  an  impurity  in  Little  Club  in  California 
during  the  Spanish  period." 

Big  Four  is  a  name  under  which  Big  Club  wheat  is  known  in  Idaho.  Crook- 
neck  Club  is  a  name  applied  to  Big  Club  wheat  because  of  the  distinct  crooks 
or  curves  that  usually  occur  in  the  upper  portion  of  the  peduncle.  Salt  Lake 
Club  is  a  name  used  for  Big  Club  wheat  in  Utah.  The  name  Big  Club  was 
first  used  for  this  variety  about  1905  and  it  probably  came  into  use  to  dis- 
tinguish it  from  Little  Club. 

Distribution. — The  estimated  area  of  Big  Club  decreased  from  21,700  acres 
in  1919  to  4,236  in  1929,  in  California,  Idaho,  Montana,  Washington,  Oregon, 
and  Utah.  The  actual  area  may  be  considerably  larger,  as  much  of  the  50,630 
acres  reported  only  as  Club  from  California  in  1929  is  Big  Club. 

Synonyms. — Big  Four,  Chile  Club,  Crookneck  Club,  Montezuma  Club,  Oregon 
Club,  Salt  Lake  Club.     . 

HYBRID   63 

Description. — Plant  spring  habit,  midseason  to  late,  mid-tall;  stem  white, 
strong;  spike  awnleted,  elliptical  to  oblong,  dense,  erect;  glumes  glabrous, 
white,  mid-long,  narrow  to  mid-wide ;  shoulders  mid-wide,  usually  rounded ; 
beaks  wide,  obtuse,  0.5  mm  long ;  awnlets  few,  3  to  20  mm  long ;  kernels  white, 
short,  semihard  to  hard,  ovate  to  elliptical,  humped;  germ  small;  crease  nar- 
row, shallow;  cheeks  rounded  to  angular;  brush  small,  mid-long. 

This  variety  is  winter  hardy  and  is  distinguished  by  its  rather  long  narrow 
glumes  and  semihard  to  hard  kernels. 

History. — Hybrid  63  (reg.  no.  195)  was  originated- at  the  Washington  Agri- 
cultural Experiment  Station.  It  is  of  hybrid  origin,  being  selected  from  a 
cross  made  by  W.  J.  Spillman  in  1899  between  Turkey  and  Little  Club.  The 
variety  was  distributed  to  farmers  in  1907  by  the  Washington  station.  Al- 
though it  is  a  spring  wheat,  it  usually  has  been  grown  from  fall  sowing. 

Distribution. — Estimated  area,  33,200  acres  in  1919  and  11,266  acres  in  1924. 
It  was  not  reported  in  1929.  It  is  known,  however,  to  be  grown  on  a  small 
area  in  Wasco  County,  Oreg.,  and  Walla  Walla  County,  Wash. 

Synonyms. — Turkey  Hybrid,  White   Hybrid. 

HYBRID    123 

Description. — Plant  spring  habit,  midseason  to  late,  mid-tall ;  stem  white, 
strong ;  spike  awnleted,  oblong  to  elliptical,  dense,  erect ;  glumes  glabrous, 
white,  short,  mid-wide ;  shoulders  narrow,  usually  rounded ;  beaks  wide,  obtuse, 
0.5  mm  long ;  awnlets  few,  2  to  5  mm  long ;  kernels  red,  short,  soft  to  semihard, 
ovate,  humped ;  germ  small ;  crease  mid-wide,  shallow ;  cheeks  angular ;  brush 
small,  mid-long. 

History. — Hybrid  123  (reg.  no.  197)  was  originated  at  the  Washington 
Agricultural  Experiment  Station  from  a  cross  between  Jones  Fife  and  Little 
Club,  made  by  W.  J.  Spillman  in  1899.  The  variety  was  distributed  by  the 
Washington  station  in  1907,  after  the  early  trials  had  indicated  that  it  was  a 
good  yielding  variety. 

Distribution. — The  estimated  area  of  Hybrid  123  increased  from  28,100  acres 
in  1919  to  51,808  acres  in  1924,  but  decreased  to  26,053  acres  in  1929,  when  it 
was  reported  in  Whitman  and  Klickitat  Counties,  Wash.,  Sherman  County, 
Oreg.,  and  Latah  County,  Idaho. 

Synonyms. — Red  Hybrid,  Red  Walla. 

GENRO 

Description. — Plant  winter  habit,  midseason,  short ;  stem  purple,  very  strong ; 
spike  awnleted,  oval,  very  dense,  erect ;  glumes  glabrous,  brown,  short,  mid- 
wide  ;  shoulders  narrow,  rounded ;  beaks  broad,  obtuse,  0.5  mm  long ;  awnlets 
few,  2  to  10  mm  long ;  kernels  white,  short,  soft,  ovate,  flattened ;  germ  mid- 
sized ;  crease  mid-wide,  mid-deep ;  cheeks  rounded  to  angular ;  brush  mid-sized, 
mid-long. 

Genro  ia  very  susceptible  to  bunt  and  is  not  winter  hardy. 

History. — Genro  was  developed  by  F.  C.  Strevey,  a  farmer  living  near 
Penawawa,  Wash.,  from  a  single  plant  found  in  a  field  of  Marquis  in  1922. 
This  plant  was  a  club  wheat  with  purple  stems,  brown  pubescent  chaff,  and  red 
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Hybrid  128  (^1)  and  Albit  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Little  Club  (A)  and  Big  Club  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Jenkin  (^4)  and  Redchan5  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Plate  40 


Coppei  (A)  and  Mayview  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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grain.  As  suggested  by  Mr.  Strevey,  it  probably  was  an  Fi  between  Goldcoin 
and  Coppei,  as  both  these  types  were  recovered  from  the  segregating  material 
in  1923.  After  selecting  the  desired  types  one  strain  was  increased  and  dis- 
tributed to  neighbors  in  1928.  It  was  found,  however,  to  be  segregating  for 
chaff  and  stem  color.  A  strain  that  had  been  purified  was  increased  until 
about  40  acres  were  grown  in  1932.  Seed  from  this  strain,  which  is  the  type 
described,  was  distributed. 

Distribution. — The  bulk  strain  has  been  grown  since  1928  and  the  pure 
strain  since  1931  in  southwestern  Whitman  County,  Wash. 

HOOD 

Description. — Hood  differs  from  Jenkin  in  being  taller ;  it  has  longer  and 
laxer  spikes  and  more  tenacious  glumes  and  is  more  hardy  for  fall  sowing. 
This  is  the  tallest  commercial  variety  of  club  wheat  and  is  taller  than  most 
common  wheats. 

History. — Hood  was  developed  by  the  Oregon  Agricultural  Experiment  Station 
at  Corvallis,  Oreg.,  where  it  was  found  to  be  the  best  of  about  175  head  selec- 
tions from  Jenkin  made  in  Umatilla  County  by  G.  R.  Hyslop.  It  was  dis- 
tributed in  western  Oregon  in  the  fall  of  1929. 

Distribution. — Grown  in  western  Oregon  since  1929. 

JENKIN 

Description. — Plant  spring  habit,  late,  tall ;  stem  white,  strong ;  spike  awn- 
leted,  oblong-fusiform,  dense,  erect ;  glumes  glabrous,  brown,  mid-long,  mid- 
wide  ;  shoulders  mid-wide,  usually  rounded ;  beaks  broad,  obtuse,  0.5  mm  long ; 
awnlets  few,  2  to  10  mm  long ;  kernels  white,  short,  soft,  broadly  ovate, 
humped ;  germ  small ;  crease  mid-wide,  mid-deep  to  deep, 
sometimes  pitted;  cheeks  angular  to  rounded;  brush 
small,  mid-long. 

Spikes,  glumes,  and  kernels  of  Jenkin  are  shown  in 
plate  39,  A. 

History. — The  origin  of  Jenkin  (reg.  no.  198)  is  unde- 
termined. It  is  known  to  have  been  grown  in  the  vicinity 
of  Wilbur,  Lincoln  County,  Wash.,  about  1895  (126). 
By  1900  it  was  grown  around  Walla  Walla,  Wash.,  and 
Pendleton,  Oreg.,  and  during  the  next  decade  largely 
replaced  other  varieties  in  those  sections,  being  grown  Figure  72.— Distribu- 
from  both  fall  and  spring  sowing.     In  this  area  Jenkin  wheat  hi  1929?    Es? 

has  now  largely  been   replaced  by  Federation,   a  high-  timated  area"  92,199 

yielding  common  white  wheat  with  short,  stiff  straw.  acres. 

Distribution. — The  estimated  area  of  Jenkin  increased 
from  66,500  acres  in  1919  to  112,115  acres  in  1924  bue  decreased  to  92,199  acres 
in  1929,  when  it  was  grown  in  Idaho,  Washington,  Oregon,  and  Montana,  as 
shown  in  figure  72. 

Synonym. — Jenkin's  Club. 

EEDCHAFP 

Description. — Plant  spring  habit,  midseason  to  late,  mid-tall;  stem  white, 
strong;  spike  awnleted.  clavate,  dense,  erect;  glumes  glabrous,  light  brown, 
mid-long,  mid-wide;  shoulders  mid-wide,  usually  oblique;  beaks  wide,  obtuse, 
0.5  mm  long ;  awnlets  few,  2  to  10  mm  long ;  kernels  white,  short,  soft,  ovate, 
humped  ;  germ  small,  abrupt ;  crease  mid-wide,  shallow  ;  cheeks  usually  angular  ; 
brush  small,  mid-long. 

Redchaff  differs  from  Jenkin  in  being  shorter  and  earlier  and  in  having  a 
more  clavate  spike  and  lighter  brown  glumes.  Spikes,  glumes,  and  kernels  of 
Redchaff  are  shown  in  plate  39,  B. 

History. — The  origin  of  Redchaff  (reg.  no.  199)  is  undetermined.  According 
to  Hunter  (125,  p.  24),  it  was  an  important  variety  of  club  wheat  in  the 
Columbia  Basin  of  Oregon  and  Washington  in  1907. 

Distribution. — The  estimated  area  of  Redchaff  decreased  from  40,000  acres 
in  1919  to  8,018  in  1929,  when  it  was  grown  in  Oregon,  Nevada,  Utah,  and 
Washington. 

Synonyms.— Oregon  Red  Chaff,  Red  Chaff  Club. 
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BLUECHAFF 

Description. — Plant  spring  intermediate  habit,  late,  mid-tall;  stem  white, 
strong;  spike  awnleted,  elliptical  to  clavate,  dense,  erect;  glumes  glabrous, 
bluish  brown,  mid-long,  mid-wide,  shoulders  wanting  to  narrow,  usually 
rounded;  beaks  narrow,  incurved,  obtuse,  0.5  to  1  mm  long;  awnlets  few,  3  to 
15  mm  long ;  kernels  white,  short  to  mid-long,  soft,  ovate,  humped ;  germ  small ; 
crease  mid-wide,  shallow ;  cheeks  angular ;  brush  small,  mid-long. 

The  glumes  of  Bluechaff  have  a  distinct  bluish  tinge  not  observed  in  any 
other  club  wheats. 

History.— The  origin  of  Bluechaff  (reg.  no.  200)  was  recorded"  by  James 
Calvert,  of  Junction  City,  Oreg.,  as  follows : 

"  My  boy,  A.  C.  Calvert,  while  shocking  after  me  while  I  was  binding,  24 
years  ago  this  harvest,  found  seven  heads  of  the  wheat  from  one  stalk.  It 
looked  so  much  better,  harder,  and  plumper  wheat  than  any  of  the  other  wheat, 
that  I  took  it  home  and  planted  in  in  the  garden  and  hoed  it  the  same  as  we 
did  the  corn,  and  it  developed  such  plump  heads  and  kernels  of  wheat  that  I 
kept  on  until  the  seventh  year,  when  we  raised  750  bushels  of  wheat." 

Distribution. — Estimated  area  in  1929,  936  acres,  grown  in  Jackson  County, 
Oreg. 

Synonyms. — Blue  Chaff  Calvert  Club. 

COPPEI 

Description. — Plant  winter  intermediate  habit,  midseason,  mid-tall;  stem 
white,  strong;  spike  awnleted,  oblong  to  elliptical,  dense,  erect;  glumes  pu- 
bescent, white,  mid-long,  mid-wide ;  shoulders  narrow,  usually  oblique ;  beaks 
wide,  obtuse,  0.5  to  1  mm  long ;  awnlets  several,  2  to  15  mm  long ;  kernels  red, 
short  to  mid-long,  soft  to  semihard,  ovate,  humped;  germ  mid-sized;  crease 
mid-wide,  mid-deep ;  cheeks  rounded  to  angular ;  brush  small,  mid-long.  Spikes, 
glumes,  and  kernels  of  Coppei  wheat  are  shown  in  plate  40,  A. 

History. — Coppei  (reg.  no.  202)  was  developed  by  J.  L.  Harper,  who,  in  the 
fall  of  1907,  selected  a  plant  of  an  unknown  variety  found  in  a  field  of  Little 
Club  belonging  to  W.  G.  Preston,  located  near  Coppei  Creek,  3  miles  south  of 
Waitsburg,  Wash.  Mr.  Harper  saved  five  heads  from  this  plant  and  sowed 
the  seed  from  them  in  his  garden  in  Waitsburg.  In  1908  he  threshed  from 
this  plot  about  a  pound  of  wheat.  This  he  gave  to  J.  B.  Kinder,  a  farmer, 
who  increased  the  seed  until  1911,  when  he  distributed  it  to  others.  Mr. 
Harper  named  the  variety  Coppei  because  it  came  from  a  farm  near  Coppei 
Creek.28  The  variety  probably  is  the  result  of  a  natural  field  cross  between 
Little  Club  and  Jones  Fife. 

Distribution. — The  estimated  area  increased  from  4,800  acres  in  1919  to 
23,754  acres  in  1924  and  decreased  to  3,155  acres  in  1929,  grown  in  Whitman 
and  Spokane  Counties,  Wash. 

Synonym. — Coppei  Club. 

MAYVIEW 

Description. — Plant  spring  habit,  late,  mid-tall ;  stem  usually  white,  some- 
times faintly  purple  on  lower  internodes,  strong;  spike  awned,  elliptical  to 
clavate,  dense,  erect;  glumes  glabrous,  brown,  mid-long,  wide;  shoulders  mid- 
wide,  usually  rounded ;  beaks  wide,  incurved,  1  to  4  mm  long ;  awns  2  to  5  cm 
long ;  kernels  red,  short,  soft,  ovate,  humped,  curved ;  germ  small ;  crease  mid- 
wide,  shallow ;  cheeks  usually  angular ;  brush  small,  short. 

This  variety  is  distinguished  by  the  awned  spikes  (pi.  40,  B). 

History. — May  view  (reg.  no.  204)  was  found  growing  in  the  summer  of 
1917  in  the  vicinity  of  May  View,  Wash.,  by  E.  F.  Gaines,  of  the  Washington 
Agricultural  Experiment  Station,  who  named  the  variety  Mayview.  It  origi- 
nated from  a  plant  selected  in  a  field  of  Fortyfold  in  1911  or  1912.  Several 
thousand  bushels  were  said  to  have  been  grown  around  May  View,  Wash.,  by 
1915.     Its  culture  has  since  been  largely  discontinued  on  account  of  its  awns. 

Distribution. — Mayview  was  not  reported  in  1919  or  1924.  In  1929  it  was 
reported  grown  on  322  acres  in  Douglas  County,  Oreg. 


27  Correspondence  with  Ira  P.  Whitney,  county  agricultural  agent,  Eugene,  Oreg.,  dated 
Oct.  17,  1921. 

28  Correspondence  from  R.  K.  Bonnett,  Idaho  Agricultural  Experiment  Station,  dated 
July  24,  1920. 
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SPELT 

Spelt  may  be  of  either  winter  or  spring  habit  and  awnless  or 
awned.  It  has  a  long,  narrow,  lax  spike  and  a  brittle  rachis.  The 
pedicel  (internode  of  the  rachis)  is  long  and  wide,  and  after  thresh- 
ing remains  attached  to  the  face  of  the  spikelet  below  the  one  which  it 
bears.  The  spikelets  are  two-kerneled,  arched  on  the  inner  side,  and 
closely  appressed  to  the  rachis.  The  kernels,  which  remain  enclosed 
in  the  glumes  after  threshing,  are  pale  red,  long,  and  laterally  com- 
pressed, and  have  an  acute  tip  and  a  narrow,  shallow  crease. 

Spelt  is  grown  commercially  only  to  a  slight  extent  in  the  United 
States.  Most  of  the  acreage  grown  is  in  Virginia,  West  Virginia,  and 
Oregon  and  is  of  the  Alstroum  variety.  The  varieties  often  called 
"  speltz  "  in  this  country  are  not  spelt  but  emmer.  A  few  varieties 
chiefly  grown  experimentally  are  separated  in  the  following  key : 

KEY    TO    THE    VARIETIES    OF    SPELT 

Spike  Awnless. 

Glumes  Glabrous.  _ 

Glumes  White  (Triticum  spelta  album  Al.).  Fage 

Spring  Habit White  Spring 135 

Intermediate  Habit Alstroum.. 135 

Glumes  Brown  (T.  spelta  rufum  Al.). 

Intermediate  Habit Red  Winter 135 

DESCRIPTION,   HISTORY,   AND    DISTRIBUTION    OF    SPELT    VARIETIES 

WHITE    SPRING 

Description. — Plant  spring  habit,  late,  mid-tall;  stem  white,  strong;  spike 
awnletecl.  linear-fusiform,  lax,  erect;  glumes  glabrous,  white,  mid-long,  wide; 
shoulders  wide,  square;  beaks  wide,  obtuse,  0.5  mm  long;  awnlets  few,  1  to 
8  mm  long;  kernels  red,  long,  semihard,  elliptical,  humped,  curved,  enclosed 
in  glumes;  germ  small;  crease  wide,  shallow,  pitted;  cheeks  angular;  brush 
mid-sized,  long. 

A  spike,  glumes,  a  spikelet,  and  kernels  of  White  Spring  spelt  are  shown 
in  plate  41,  A. 

History. — Obtained  by  the  Department  of  Agriculture  from  J.  M.  Thorburn  & 
Co.,  seedsmen,  of  New  York  City,  in  1904.     (Reg.  no.  225.) 

Distribution. — Not  known  to  be  grown  commercially. 

ALSTROUM 

Description. — Plant  intermediate  winter  habit,  late,  mid-tall;  stem  faintly 
purple,  strong;  spike  apically  awnleted,  linear-fusiform,  lax,  inclined  to  nod- 
ding; glumes  glabrous,  white,  mid-long,  narrow;  shoulders  mid-wide,  square; 
beaks  obtuse,  0.5  mm  long;  awnlets  usually  wanting;  kernels  red,  long,  semi- 
hard, elliptical,  humped,  curved,  enclosed  in  glumes ;  germ  small ;  crease  wide, 
shallow ;  cheeks  angular ;  brush  mid-sized,  long. 

History. — Alstroum  (reg.  no.  226)  was  obtained  by  the  United  States  De- 
partment of  Agriculture  in  1901  from  the  Washington  Agricultural  Experi- 
ment  Station,  Pullman,  Wash.     Its  further  history  is  undetermined. 

Distribution. — Grown  commercially  to  a  slight  extent  in  Virginia,  West 
Virginia,  and  Oregon. 

RED    WINTER 

Description. — Plant  intermediate  winter  habit,  late,  mid-tall;  stem  faintly 
purple,  strong;  spike  awnleted,  linear-fusiform,  lax,  erect;  glumes  glabrous, 
brown,  mid-long  to  long,  wide;  shoulders  wide,  square;  beaks  obtuse,  0.5  mm 
long ;  awnlets  few,  3  to  20  mm  long ;  kernels  red,  long,  soft,  humped,  curved, 
usually  enclosed  in  glumes ;  germ  small ;  crease  wide,  shallow ;  cheeks  angular ; 
brush  mid-sized,  long. 

This  variety  differs  from  Alstroum  spelt  in  having  brown  glumes.  Spikes, 
glumes,  a  spikelet,  and  kernels  of  Red  Winter  spelt  are  shown  in  plate  41,  B. 
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History. — Red  Winter  (reg.  no.  227)  was  first  obtained  by  the  United  States 
Department  of  Agriculture  in  1901  from  the  Washington  Agricultural  Ex- 
periment Station.  Its  further  history  is  undetermined.  Many  samples  of 
this  and  other  spelt  varieties  doubtless  have  been  introduced  into  the  United 
States  from  time  to  time.  A  sample  of  spelt  practically  identical  with  the 
above  was  introduced  from  Switzerland  about  1913  by  Paul  Scheddiger,  of 
Spearfish,  S.Dak.,  and  was  distributed  by  him  in  1915.  Most  of  this  winter- 
killed during  the  next  two  winters,  which  were  unusually  severe. 

Distribution. — Formerly  grown  to  a  small  extent  in  South  Dakota  and 
Wyoming ;  not  known  to  be  grown  commercially  at  the  present  time. 

POULARD  WHEAT 

The  poulard  wheats  may  be  of  either  winter  or  spring  habit  and 
usually  are  tall  with  broad  leaves.  The  culms  are  thick,  usually 
solid,  but  sometimes  pithy.  The  spikes  are  long  and  occasionally 
compound  or  branched.  The  spikelets  are  compactly  arranged  on 
the  spike,  and  the  glumes  are  short  and  sharply  keeled.  The  kernels 
are  thick,  humped,  and  mostly  hard,  but  usually  become  very  starchy 
(yellow  berry). 

The  poulards  are  most  closely  related  to  the  durums.  The  glumes 
and  kernels  usually  are  shorter  and  the  kernels  thicker  in  the  dorso- 
ventral  diameter  and  are  somewhat  softer.  In  many  instances  the 
varieties  of  poulard  and  durum  are  so  nearly  alike  that  it  is  difficult 
to  distinguish  them. 

Only  a  few  varieties  of  poulard  wheat  are  cultivated  in  the  United 
States,  and  the  grain  of  these  is  of  no  commercial  value  except  as 
feed  for  stock.  The  varieties  grown  can  be  distinguished  by  the 
accompanying  key. 

KEY   TO    THE   VARIETIES    OF   POULARD    WHEAT 

la.  Spike  Branched. 
2a.  Spike  Awned. 

3a.  Glumes  Glabrous. 
4a.  Glumes  Yellow. 

5a.  Kernels    White    (Triticum    turgidum    pseudocervinum 

Koern.).  p 

Kernels  Short  to  Mid-long.  •rdgB 
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3b.  Glumes  Pubescent. 
4a.  Glumes  Brown. 

5a.  Kernels  White  (T.  turgidum  mirabile  Koern.). 
Kernels  Mid-long  to  Long. 

Winter  Habit Titanic. 137 

DESCRIPTION,  HISTORY,  DISTRIBUTION,  AND  SYNONYMY  OF  POULARD  WHEAT 

VARIETIES 

ALASKA 

Description. — Plant  spring  habit,  late,  tall;  stem  white,  mid-strong,  spike 
branched,  awned,  nodding ;  glumes  glabrous,  yellow,  short,  mid-wide ;  shoulders 
narrow,  usually  rounded;  beaks  nearly  wanting;  awns  black,  3  to  12  cm  long; 
kernels  white,  short  to  mid-long,  hard,  often  becoming  starchy,  ovate,  humped ; 
germ  mid-sized;  crease  mid-wide,  shallow,  sometimes  pitted;  cheeks  usually 
angular;  brush  mid-sized,  short. 

Alaska  is  recognized  by  the  composite  spikes,  glabrous  glumes,  and  white 
kernels.     A  spike,  glumes,  and  kernels  of  this  variety  are  shown  in  plate  42.  A. 

History. — The  Alaska  (reg.  no.  206)  variety  of  poulard  wheat  probably 
has  been  introduced  into  this  country  several  times  from  the  Mediterranean 
region  of  Europe,  where  poulard  wheats  are  grown  commercially  to  a  small 
extent.  The  first  introduction  of  this  wheat  into  the  United  States  was 
thought  by  Ball  and  Leigh ty  (37,  p.  4)  to  have  been  in  1806,  when  it  was 
brought  from  Ireland  under  the  name  of  Jerusalem.  Several  other  introduc- 
tions have  been  recorded  in  American  literature.  The  wheat  often  has  been 
used  by  unscrupulous  seedsmen  for  extravagant  exploitation.  The  names 
listed  as  synonyms  have  all  been  used  at  one  time  or  another  for  the  variety 
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White  Spring  (^1)  and  Red  Winter  (B)  spelts:  Spikes  and  glumes  natural  size;  kernels  X3. 
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PLATE  42 


Alaska  (A)  and  Titanic  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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in  the  United  States.  In  recent  years  the  name  Alaska  has  been  generally 
adopted  for  the  wheat.  It  was  the  name  used  for  the  variety  by  Abraham 
Adams,  of  Juliaetta,  Idaho,  who  distributed  seed  of  the  variety  in  the  Pacific 
Northwest  from  about  1904  to  1908. 

Distribution. — Estimated  area  in  1929,  1,715  acres,  in  California,  Arizona, 
South  Dakota,  and  Idaho. 

Synonyms. — Egyptian,  Eldorado,  Jerusalem,  King  Tut,  Many  Headed,  Many 
Spiked,  Miracle,  Mortgage  Lifter,  Multiple  Headed,  Mummy,  Reed,  Seven 
Headed,  Seven  Headed  Sinner,  Smyrna,  Syrian,  Taos,  Wheat  of  Miracle,  Wheat 
3,000  Years  Old,  Wild  Goose. 

TITANIC 

Description.— Plant  winter  habit,  late,  mid-tall  to  tall;  stem  white,  mid- 
strong,  stout ;  spike  branched,  awned,  nodding ;  glumes  pubescent,  brown,  short, 
narrow ;  shoulders  wanting  to  narrow,  oblique ;  beaks  0.5  mm  long ;  awns  black, 
usually  deciduous,  3  to  10  cm  long;  kernels  white,  mid-long,  semihard,  usually 
becoming  very  starchy,  oval  to  ovate,  humped;  germ  mid-sized;  crease  mid- 
wide,    si. allow,    sometimes   pitted;  cheeks    angular;  brush    mid-sized,    short. 

This  variety  differs  from  Alaska  in  having  a  winter  habit  and  pubescent 
brown  glumes.     A  spike,  glumes,  and  kernels  are  shown  in  plate  42,  B. 

History. — Titanic  (reg.  no.  207)  was  introduced  into  the  United  States 
by  Harry  Towell,  of  Fort  Stanley,  Wash.,  in  1912.  Mr.  Towell  had  obtained 
12  kernels  from  a  friend  in  England,  who  had  obtained  a  very  small  quantity 
from  an  importation  made  into  that  country  from  Argentina.  The  wheat  was 
first  grown  on  the  San  Juan  Islands,  in  Washington,  by  Mr.  Towell,  and  by 
1916  he  had  about  100  acres.  J.  C.  Hawkins  contracted  to  sell  the  wheat  in 
1916  for  seed  at  $1  a  pound.  He  gave  it  the  name  Titanic,  because  of  the 
marine  disaster  that  occurred  during  the  year  the  variety  was  introduced, 
Mr.  Towell,  the  introducer,  being  one  of  the  surviving  passengers  on  the 
vessel. 

Distribution. — Formerly  grown  to  a  very  small  extent  in  the  Puget  Sound 
section  of  Washington. 

DURUM  WHEAT 

The  plants  of  durum  wheat  are  of  spring  habit  and  tall.  The 
peduncle  is  pithy,  at  least  in  the  upper  portion.  The  spikes  are  com- 
pact and  laterally  compressed,  and  hence  are  /narrower  when  seen 
in  a  face  view.  The  glumes  are  persistent  and  sharply  keeled,  and 
the  lemmas  are  ahvays  awned  except  in  a  few  awnless  forms  re- 
cently originated  by  hybridization.  The  awns  are  long  and  coarse 
and  are  white,  yellow,  brown,  or  black.  The  kernels  are  white  or 
red  and  usually  rather  long  and  pointed;  they  are  very  hard  and 
translucent,  making  the  white-kerneled  forms  appear  amber-col- 
ored. The  kernels  alwTays  have  a  short  brush  and  angular  cheeks 
and  are  the  hardest  of  all  known  wheats. 

The  durum  wheats,  as  before  stated,  are  sometimes  very  similar 
to  certain  poulard  varieties.  The  spikes,  however,  usually  are  much 
thinner,  the  glumes  are  longer,  and  the  kernels  are  longer,  more 
slender,  and  usually  much  harder. 

Durum  wheat  has  been  widely  grown  in  the  United  States  only 
during  the  past  35  years.  The  durum  wTheat  area  has  moved  north- 
ward until  the  center  of  production  is  in  northeastern  North  Dakota 
at  the  present  time.  The  area  grown  outside  of  North  Dakota,  South 
Dakota,  and  Minnesota  has  been  greatly  reduced  since  1920.  Most 
of  the  varieties  of  durum  wheat  were  introduced  from  southern 
Russia  and  the  Mediterranean  region,  where,  exclusive  of  North 
America,  the  largest  acreage  of  this  class  of  wheat  is  grown.  Cer- 
tain introductions,  including  Kubanka,  made  by  the  United  States 
Department  of  Agriculture  about  1900,  became  popular  with  farmers 
in  the  northern  Great  Plains  and  prairie  sections,  and  the  production 
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rapidly  increased.  The  distribution  of  durum  wheat  in  1929  is 
shown  in  figure  73.  The  durums  furnish  the  great  bulk  of  the 
world's  supply  of  wheat  for  the  manufacture  of  semolina,  macaroni, 
and  spaghetti.  The  production  of  durum  wheat  in  the  United 
States  made  possible  a  large  macaroni  industry,  which  until  recently 
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Figure  73. — Distribution  of  durum  wheat  in  1929.     Estimated  area,  5,842,000  acres. 

has  used  about  one-third  of  the  national  production  of  this  wheat. 
The  remainder  has  been  exported,  used  by  mills  or  bakeries  for  mix- 
ing with  wheats  or  flours,  and  utilized  as  feed  for  livestock. 

The  varieties  that  are  commercially  grown  are  distinguished  by 
the  accompanying  key. 


KEY   TO   THE   VARIETIES   OF   DURUM  WHEAT 

la.  Spike  Awned. 

2a.  Glumes  Glabrous. 
3a.  Glumes  White. 
4a.  Awns  White. 

5a.  Kernels  Red  (Triticum  durum  affine  Koern.). 

Kernels  Mid-long,  Hard Pentad. 

4b.  Awns  Black. 

5a.  Kernels  White  (Amber)  (T.  durum  leucometan  Al.). 

Kernels  Very  Long,  Hard Peliss.. 

3b.  Glumes  Yellow. 
4a.  Awns  White. 

6a.  Kernels  White  (T.  durum  hordeiforme  Host). 
Kernels  Long,  Hard. 
Spike  fusiform. 

Plant  mid-tall;  beaks  1-2  mm  long Acme... 

Monad. 
Plant  tall;  beaks  1-5  mm  long Arnautka. 
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Akrona 

Spike  oblong;  plant  tall. 

Beaks  1-2  mm  long Kubanka.. 

Nodak 

Beaks  1-10  mm  long Marouani 

2b.  Glumes  Pubescent. 
3a.  Glumes  White. 
4a.  Awns  Black. 

5a.  Kernels  White  (T.  durum  melanopus  Al.). 

Kernels  Long,  Hard Golden  Ball 

3b.  Glumes  Black. 
4a.  Awns  Black. 

5a.  Kernels  White  (T.  durum  taganrogense  Desv.). 

Kernels  Long,  Hard Kahla.. - 

6b.  Kernels  Red  (T.  durum  libycum  Koern.). 

Kernels  Long,  Hard - Barnatka 


141 

142 
142 
142 


143 


143 


WHEAT   VAKIETIES    GROWN    IN    THE    UNITED    STATES  139 

DESCRIPTION,  HISTORY,  DISTRIBUTION,  AND   SYNONYMY   OF  DURUM  WHEAT 

VARIETIES 

PENTAD    (D-5) 

Description. — Plant  spring  habit,  midseason,  mid-tall ;  stem  white,  mid-strong ; 
spike  awned,  fusiform,  mid-dense,  inclined;  glumes  glabrous,  white,  mid-long, 
mid-wide ;  shoulders  mid-wide,  oblique  to  elevated ;  beaks  1  to  2  mm  long ;  awns 
white,  5  to  15  cm  long ;  kernels  red,  mid-long,  hard,  ovate,  truncate  tip,  humped ; 
germ  mid-sized;  crease  mid-wide,  shallow;  cheeks  angular;  brush  mid-sized, 
short. 

Pentad  is  distinct  from  all  other  commercial  varieties  of  durum  wheat  grown 
in  the  United  States  because  of  its  rust  resistance,  white  glumes,  and  red 
kernels.  The  kernels  are  smaller,  squarer  at  the  brush  end,  and  more  pointed 
at  the  germ  end  than  kernels  of  the  other  durum  varieties.  Experiments  have 
shown  it  to  be  the  most  rust-resistant  variety  of  durum 
wheat  grown  in  the  United  States,  and  therefore  it 
yields  well  under  conditions  favoring  rust.  Its  quality 
has  been  found  inferior,  however,  to  that  of  other  du- 
rum varieties.  A  spike,  glumes,  and  kernels  of  Pentad 
wheat  are  shown  in  plate  43,  A. 

History. — Pentad  (reg.  no.  209)  was  introduced  from 
Russia  in  1903  by  H.  L.  Bolley,  of  the  North  Dakota 
Agricultural  Experiment  Station.  It  was  distributed  in 
several  sections  of  North  Dakota  by  Professor  Bolley  in 
the  spring  of  1911.  Because  of  its  rust  resistance  it 
gained  popularity  and  has  been  widely  grown  in  the  FlGURB  74  _Distribu- 
spring-wheat  area  from  late  seeding.  Because  of  its  tion  of  Pentad  wheat 
poor  quality  its  distribution  has  been  opposed  by  many  in  1929.  Estimated 
agencies.  The  name  Pentad  is  derived  from  penta,  area'  M04*228  acres, 
meaning  five  in  Greek,  plus  d,  which  stands  for  durum. 

The  name  was  suggested  to  the  North  Dakota  station  by  the  senior  writer  in 
1917.  It  was  accepted  by  Professor  Bolley  and  was  first  recorded  by  Trowbridge 
(214,  p.  17)  in  1920. 

Distribution. — Grown  principally  in  North  Dakota,  South  Dakota,  Minnesota, 
and  Wyoming.  The  acreage  increased  from  49,300  acres  in  1919  to  341,147  acres 
in  1924  and  to  more  than  a  million  acres  in  1929  (fig.  74),  but  since  that  time 
has  decreased  rapidly,  having  been  replaced  by  Ceres. 

Synonyms. — D-5,  Durum  No.  5,  D-fife,  Ladd  Durum,  Red  Durum,  Resistant 
Fife,  Rust  Proof. 

PELISS 

Description. — Plant  spring  habit,  midseason,  tall;  stem  white,  mid-strong; 
spike  awned,  broadly  fusiform,  mid-dense,  inclined;  glumes  glabrous,  white, 
long,  wide ;  shoulders  narrow  to  mid- wide,  oblique  to  elevated ;  beaks  1  to  5  mm 
long;  awns  black,  6  to  18  cm  long;  kernels  white,  very  long,  hard,  elliptical, 
curved,  humped;  germ  mid-sized;  crease  mid-wide,  mid-deep;  cheeks  angular; 
brush  small,  short. 

Peliss  is  distinct  from  Kubanka  in  having  white  rather  than  yellowish  glumes, 
black  awns,  and  very  long  kernels  that  are  somewhat  curved.  A  spike,  glumes, 
and  kernels  of  Peliss  are  shown  in  plate  43,  B. 

History.— Peliss  (reg.  no.  210)  (215,  F.P.I.  5380)  was  introduced  from 
Mustapha,  Algiers,  Algeria,  by  W.  T.  Swingle,  of  the  United  States  Department 
of  Agriculture,  in  1900.  The  variety,  presumably  of  Spanish  origin,  is  widely 
distributed  throughout  northern  Africa,  where  it  is  grown  under  many  different 
names.  According  to  Scofield  (187,  p.  38),  the  original  seed  was  obtained  from 
a  man  named  Pelissier,  who  lived  near  Ponts  des  Issers  in  the  western  part  of 
the  Province  of  Oran  and  who  improved  the  yield  of  this  variety  by  selection. 
In  the  United  States  the  variety  was  first  called  Pelissier,  but  the  shorter  and 
simpler  form,  Peliss,  was  substituted  in  1920  (62,  p.  10). 

Distribution. — Estimated  area  in  1929,  6,168  acres,  grown  in  Montana,  North 
Dakota,  and  South  Dakota. 

Synonyms. — Black-Bearded  durum,  Pelissier. 

ACME 

Description. — Plant  spring  habit,  midseason,  mid-tall;  stem  white,  weak  to 
mid-strong;   spike  awned,  fusiform,   mid-dense,   inclined  to  nodding;   glumes 
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glabrous,  yellowish,  mid-long,  mid-wide ;  shoulders  mid-wide,  usually  oblique ; 
beaks  broad,  incurved,  1  mm  long ;  awns  yellowish,  5  to  15  cm  long ;  kernels 
white,  mid-long  to  long,  hard,  elliptical  to  ovate ;  germ  mid-sized ;  crease  mid- 
wide,  shallow ;  cheeks  angular ;  brush  mid-sized,  short. 

Acme  differs  principally  from  Kubanka  in  being  shorter, 
in  having  weaker  straw  and  a  longer,  laxer,  and  narrower 
spike.  It  is  very  resistant  to  stem  rust  and  is  a  high-yield- 
ing variety. 

History. — Acme  (reg.  no.  211)  originated  as  a  plant  selec- 
tion from  Kubanka  (C.I.  1516)  made  by  Manley  Champlin, 
formerly  a  representative  of  the  United  States  Department 
of  Agriculture,  in  cooperative  experiments  with  the  South 
Dakota  Agricultural  Experiment  Station  at  the  Highmore 
Substation,  Highmore,  in  1909.    It  was  grown  commercially 
in  1916.    In  the  rust  epidemic  of  that  year  it  was  discovered 
to  be  resistant  to  stem  rust.     As  it  differs  from  the  true 
Kubanka,  it  was  given  a  distinctive  name.     The  strain  of 
Kubanka  from  which  Acme  was  selected  was  obtained  by 
the  United  States  Department  of  Agriculture  at  the  Paris 
Exposition  in  1900.    The  seed  came  from  the  Samara  Gov- 
ernment, Russia.    Although  introduced  and  grown  under  the  name  of  Kubanka, 
this  lot  is  not  identical  with  the  true  Kubanka  and  is  much  like  Acme,  but  was 
not  pure  nor  so  resistant  to  rust. 

Distribution.— Estimated  area  in  1929,  72,938  acres,  grown  in  North  Dakota, 
South  Dakota,  Minnesota,  Nebraska,  and  Wyoming,  as  shown  in  figure  75. 


Figdee  75. — Distri- 
bution of  Acme 
wheat  in  1929. 
Estimated  area, 
72,938  acres. 


MONAD 


Description. — Monad  is  very  similar  to  Acme,  differing  principally  in  having 
somewhat  stronger  stems  and  shorter  awns.  It  is  as  resistant  to  stem  rust  as 
Acme  and  usually  yields  better  than  Acme  in  North  Dakota,  and  the  grain  is  of 
slightly  better  quality. 

History. — Monad  (reg.  no.  212)  was  introduced  in  1903  from  the  Saratov 
Government,  Russia,  100  versts  east  of  Volga  (F.P.I.  10207),  by  H.  L.  Bolley, 
of  the  North  Dakota  Agricultural  Experiment  Station.  Seed  of  the  variety 
was  distributed  by  Professor  Bolley  to  several  farmers  and 
to  the  Dickinson  and  Langdon  substations  as  D-l  (Durum 
No.  1)  in  1911.  Its  identity  on  the  farms  nearly  became 
lost.  In  1917  it  was  named  Monad  by  Ball  and  Clark 
(35,  p.  44)  after  it  was  found  in  experiments  at  the  Dick- 
inson Substation,  Dickinson,  N.Dak.,  to  be  high-yielding 
and  resistant  to  stem  rust.  It  was  increased  at  the  Dickin- 
son Substation  from  1918  to  1920  for  commercial  distribu- 
tion. In  1920  R.  S.  Goodhue  (97),  county  agent,  of  Stuts- 
man County,  N.Dak.,  reported  finding  the  variety  commer- 
cially grown  in  that  county  from  one-half  bushel  of  seed 
originally  furnished  O.  J.  Seiler,  of  Stutsman  County,  by 
Professor  Bolley  in  1911.  August  Clemens,  of  Lenton 
Township,  obtained  seed  from  Mr.  Seiler  and  increased  and  grew  it  until  1919, 
when  he  brought  it  to  the  attention  of  County  Agent  Goodhue,  who  distributed 
3,700  bushels  among  farmers  in  Stutsman  County  in  the  spring  of  1920. 

Distribution. — Estimated  area  in  1929,  94,682  acres,  grown  in  North  Dakota 
and  South  Dakota,  as  shown  in  figure  76. 

Synonym. — D-l. 

ARNAUTKA 


Figure  76. — Distri- 
bution of  Monad 
wheat  in  1929. 
Estimated  area. 
94,682  acres. 


Description. — Plant  spring  habit,  midseason,  tall;  stem  white,  mid-strong; 
spike  awned,  fusiform,  mid-dense,  nodding;  glumes  glabrous,  yellowish,  mid- 
long,  mid-wide;  shoulders  narrow,  usually  oblique;  beaks  wide,  1  to  5  mm 
long;  awns  yellowish,  6  to  18  cm  long;  kernels  white,  long,  hard,  elliptical; 
germ  mid-sized;  crease  mid-wide,  shallow;  cheeks  angular;  brush  mid-sized, 
short. 

Arnautka  differs  from  Kubanka  in  having  a  longer,  narrower,  and  laxer 
spike,  which  usually  is  more  nodding  when  ripe. 

History. — Arnautka  (reg.  no.  213)  was  first  introduced  by  the  United 
States  Department  of  Agriculture  in  1864  (169).  It  was  grown  in  1865  with 
other  varieties  of  wheat  on  what  are  now  the  grounds  of  the  Department  of 
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Pentad  (A)  and  Peliss  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Kubanka  (^4)  and  Mindum  (B)  wheats:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Agriculture,  near  Fourteenth  Street,  Washington,  D.C.  (35,  p.  3).  It  was 
distributed  to  several  sections  of  the  United  States,  but  as  far  as  known 
never  became  commercially  established.  The  basis  for  the  present  commercial 
stock  is  thought  to  have  been  brought  by  early  immigrants  from  Russia  to 
North  Dakota  (50,  p.  40),  where  it  was  called  Wild  Goose.  Distribution  from 
this  source  by  the  Department  of  Agriculture  dates  from  1900,  when  seed 
(C.I.  1494)  was  obtained  from  T.  N.  Oium,  of  Lisbon,  N.Dak.  This  seed  was 
distributed  with  Kubanka  and  other  varieties.  The  variety  had  previously 
become  established,  however,  in  southeastern  North  Dakota,  where  it  early 
proved  to  be  well  adapted. 

Goose  and  Wild  Goose  were  names  commonly  used  for  Arnautka  or  durum 
wheat  in  general,  particularly  by  the  grain  trade,  during  the  early  years  of 
durum-wheat  cultivation  in  the  United  States.  There  is  a  tradition  that  the 
seed  was  originally  obtained  from  the  crop  of  a  wild  goose. 

Nicaragua  is  a  name  used  for  Arnautka  durum  wheat  in  the  southern  Great 
Plains,  particularly  Texas.  The  source  of  this  wheat  is  not  known.  In  dis- 
cussing its  origin  Carleton  (50,  p.  40)  mentioned  "one  would  infer  from  the 
name  that  it  came  from  Nicaragua."  It  became  grown  throughout  northern 
Texas  in  the  early  nineties  and  is  still  grown  there  to  a  considerable  extent. 
It  is  identical  with  the  Arnautka  variety. 

Pierson  is  the  name  under  which  a  selected  lot  of  durum  wheat  identical 
with  Arnautka  was  distributed  by  G.  H.  Pierson,  of  Claremont,  S.Dak.,  with 
the  claim  that  it  was  a  rustproof  durum  wheat.  Concerning  this  wheat,  Mr. 
Pierson  has  written  as  follows  :29 

"  I  obtained  the  seed  17  years  ago  (1897)  from  an  immigrant  who  was  driving 
through  the  State  of  South  Dakota  and  using  it  for  horse  feed.  The  man  was 
from  Kansas  and  said  that  they  used  this  wheat  for  horse  and  hog  feed  there. 
I  raised  it  for  some  years  as  a  horse  and  hog  feed  and  then  commenced  to  breed 
it.  It  is  rustproof  with  a  large  head  and  hardy  stiff  straw.  It  outyields  all 
other  varieties." 

Distribution. — Estimated  area  in  1929,  17,514  acres,  in  Texas,  North  Dakota, 
and  South  Dakota.  Much  of  the  3,495,314  acres  reported  in  1929  as  durum  is 
of  the  Arnautka  variety. 

Synonyms. — Goose,  Johnson,  Nicaragua,  Pierson,  Wild  Goose. 

MINDUM 

Description. — Mindum  is  similar  to  Arnautka,  except  for  being  slightly  earlier, 
in  having  slightly  weaker  straw,  narrower  glumes,  longer  awns,  and  a  shorter 
or  nearly  absent  brush,  and  in  being  slightly  more  resistant  to  stem  rust.     A 
spike,  glumes,  and  kernels  of  Mindum  wheat  are  shown 
in  plate  44,  B. 

History. — Mindum  (reg.  no.  214)  was  first  grown  in 
1896  in  a  nursery  at  University  Farm,  St.  Paul,  Minn.,  as 
a  selection  from  wheat  called  u  Hedgerow  "  by  the  Minne- 
sota station. 

The  statement   was   made   in   the  Minnesota   accession 
book  that  Mindum  was  a  head  selection  from  a  field  of  com- 
mon wheat.    It  proved  to  be  a  rust-resistant  strain  at  Uni- 
versity Farm  and  was  tested  at  the  substations.     It  pro-      Figure    77.— Distri- 
duced  high  yields  in  experiments  conducted  at  the  North-         ^^    1/1929! 
west  substation,  Crookston,  Minn.,  during  the  years  1913  to         Estimated      area*. 
1916.    The  variety  was  named  Mindum  (a  contraction  of         322,151  acres. 
Minnesota  durum)  in  1918  (107  p.  33). 

Distribution. — Estimated  area  in  1929,  322,151  acres,  grown  in  Minnesota, 
North  Dakota,  and  South  Dakota  (fig.  77). 

AKRONA 

Description. — Akrona  differs  from  Arnautka  in  being  slightly  earlier  and 
shorter..  It  is  more  uniform,  particularly  in  kernel  type,  and  the  kernels  are 
high  in  yellow  carotinoid  pigment,  as  revealed  by  the  gasoline  color  test. 

History. — Akrona  (reg.  no.  246)  was  developed  by  the  Division  of  Cereal 
Crops  and  Diseases,  Bureau  of  Plant  Industry,  United  States  Department  of 


Correspondence  of  the  Division  of  Cereal  Crops  and  Diseases,  dated  May  30,  1914. 


142    TECHNICAL   BULLETIN    4  5  9,    U.    S.   DEPT.    OF   AGRICULTURE 

Agriculture,  and  the  Colorado  Agricultural  Experiment  Station  in  cooperative 
experiments  at  Akron,  Colo.  It  is  the  result  of  a  selection  from  Arnautka 
(CM.  1493)  made  by  Clyde  McKee  in  1912.  The  value  of  the  selection  was  de- 
termined by  F.  A.  Coffman.  Akrona  was  first  distributed  for  commercial  grow- 
ing in  Colorado  in  1922  and  registered  (58)  in  1926.  Its  superior  characters 
are  early  maturity,  high  yield  under  Colorado  conditions,  and  high  quality  for 
the  manufacture  of  macaroni. 

Distribution. — Grown  in  Colorado. 

KUBANKA 

Description. — Plant  spring  habit,  midseason,  tall;  stem  white,  mid-strong; 
spike  awned,  broadly  oblong,  dense,  inclined  to  nodding ;  glumes  glabrous,  yel- 
lowish, mid-long,  wide;  shoulders  mid-wide,  usually  rounded;  beaks  wide,  1 
mm  long;  awns  yellowish,  6  to  15  cm  long;  kernels  white,  large,  hard,  ellipti- 
cal ;  germ  mid-sized ;  crease  mid-wide,  shallow ;  cheeks  angular ;  brush  mid- 
sized, short. 

Kubanka  is  a  high-yielding  variety  and  is  more  resistant  to  stem  rust  than 

Arnautka.    It  differs  from  Arnautka  in  having  shorter,  denser,  and  more  erect 

spikes  and  shorter  beaks  and  kernels.     It  also  is  a  better  milling  variety  than 

Arnautka.     A   spike,   glumes,   and  kernels   of   Kubanka 

wheat  are  shown  in  plate  44,  A. 

History. — Kubanka  (reg  no.  215)  is  of  Russian  origin. 
More  than  a  dozen  importations  into  the  United  States 
have    been    made.     The    principal    introduction    of    the 
variety  was  made  in   1900   by   M.   A.   Carleton,   of  the 
United  States  Department  of  Agriculture,  from  Uralsk 
Territory,  Russia   (215,  F.P.I.  5639).     The  original  seed 
of  this  introduction  was  grown  under  contract  in  New 
Mexico   and   South  Dakota   in  1901,   and  the  following 
Figure    78.— Distribu-      year    200    bushels    of    seed    were    distributed    to    many 
wheat  in  1929     e£     growers.    The  distribution  was  continued  by  the  Depart- 
timated    area,    724,-      ment  up  to  1909.     Aside  from  the  distribution  made  by 
864  acres.  the  United  States  Department  of  Agriculture,  both  the 

North  Dakota  and  South  Dakota  Experiment  Stations 
distributed  large  quantities  to  growers.  Kubanka  first  proved  especially  well 
adapted  to  the  drier  western  portions  of  the  Great  Plains  area.  In  recent  years 
it  has  proved  well  adapted  to  the  more  humid  sections  also  and  is  now  consid- 
ered the  most  widely  adapted  of  the  durum  varieties  to  the  varying  conditions 
in  the  northern  spring-wheat  section  of  the  United  States. 

Distribution. — Estimated  area  in  1929,  724,864  acres,  grown  in  six  States,  but 
mostly  in  North  Dakota  (fig.  78).  The  known  acreage  of  Kubanka  had 
increased  from  52,300  acres  in  1919  to  479,046  acres  in  1924.  Much  of  the 
acreage  reported  only  as  durum  also  is  Kubanka. 

Synonyms. — Beloturka,  Gharnovka,  Pererodka,  Taganrog,  Yellow  Gharnovka. 

NODAK 

Description. — Nodak  differs  from  Kubanka  in  being  shorter,  more  resistant 
to  stem  rust,  and  more  uniform  in  kernel  type.  The  kernels,  however,  are 
duller  and  more  subject  to  yellow  berry.  The  quality  of  the  grain  for  the 
manufacture  of  semolina  and  macaroni  also  is  less  desirable  than  that  of 
Kubanka. 

History. — Nodak  (reg.  no.  242)  was  developed  in  cooperative  experiments 
of  the  Division  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry,  United 
States  Department  of  Agriculture,  and  the  North  Dakota  Agricultural  Experi- 
ment Station  at  the  Dickinson  substation,  Dickinson.  It  is  the  result  of  a 
selection  from  Kubanka  (O.I.  1440)  made  in  1915  by  R.  W.  Smith.  It  wat, 
distributed  for  commercial  production  in  1923  and  registered  (58)  in  1926. 
Its  superior  characters  are  high  yield  and  resistance  to  stem  rust. 

Distribution. — Estimated  area  in  1929,  36,910  acres,  in  North  Dakota  and 
South  Dakota. 

maeouani 

Description. — Plant  spring  habit,  midseason,  very  tall;  stem  white,  weak; 
spike  awned,  broadly  oblong,  dense,  nodding;  glumes  glabrous,  yellowish,  mid- 


WHEAT   VARIETIES    GROWN    IN    THE    UNITED    STATES  143 

long,  wide;  shoulders  narrow,  usually  elevated;  beaks  wide,  1  to  15  mm  long; 
awns  yellowish,  8  to  20  cm  long;  kernels  white,  very  long,  hard,  elliptical, 
humped;  germ  large;  crease  mid-wide,  shallow  to  mid-deep;  cheeks  angular; 
brush  small,  short. 

History.— Marouani  (reg.  no.  218)  (215,  F.P.I.  7578)  was  introduced  from 
the  Province  of  Oran,  Algeria,  in  1901,  through  D.  G.  Fairchild  and  C.  S. 
Scofield,  for  the  United  States  Department  of  Agriculture.  Concerning  the 
introduction  they  have  written  as  follows: 

"  This  wheat  is  cultivated  extensively  on  the  elevated  rolling  lands  in  the 
western  part  of  the  Province  and  is  one  of  the  best  of  the  types  of  durum 
wheats  cultivated  by  the  Arabs.  The  quantity  obtained  is  from  the  estates  of 
M.  J.  Labouresse,  at  Tessala,  near  Sidi  bel  Abbes.  It  has  been  carefully 
selected  by  Mr.  Labouresse  from  year  to  year  until  a  fairly  pure  and  very 
vigorous  stock  has  been  obtained.  The  variety  is  very  hardy,  resistant  to  rust, 
and  succeeds  fairly  well  under  rather  droughty  conditions.  The  grain  is 
especially  adapted  for  the  manufacture  of  semolina.  In  the  Province  of  Oran 
the  wheat  is  sown  in  November  and  ripens  in  June,  but  it  might  succeed  as 
a  spring  wheat  in  the  spring-wheat  region  of  the  northern  United  States." 

In  experiments  in  the  United  States  Marouani  wheat  proved  best  adapted  to 
the  central  and  southern  Great  Plains. 

Distribution. — Estimated  area  in  1924,  4,691  acres,  in  Texas.  It  was  not 
reported  in  1919  or  1929. 

GOLDEN    BALL 

Description. — Plant  spring  habit,  midseason,  short  to  mid-tall;  stem  white, 
mid-strong;  spike  awned,  oblong-fusiform,  dense,  inclined;  glumes  pubescent, 
white,  mid-long,  mid-wide;  shoulders  narrow,  oblique  to  elevated;  beaks  1  to 
5  mm  long;  awns  black,  5  to  18  cm  long;  kernels  white,  long,  hard,  ovate, 
humped ;  germ  large ;  crease  mid-wide,  shallow  to  mid-deep ;  cheeks  angular ; 
brush  small,  short. 

In  recent  experiments  Golden  Ball  has  been  found  to  be  nearly  immune 
from  most  forms  of  bunt. 

History.— Golden  Ball  (reg.  no.  220)  (215,  F.P.I.  46766)  was  Introduced  by 
the  United  States  Department  of  Agriculture  in  1918,  from  Johannesburg, 
South  Africa.  The  seed  was  purchased  through  J.  Burtt  Davy  from  the  Agri- 
cultural Supply  Association.  Three  previous  introductions  of  wheat  under  the 
name  of  Golden  Ball  had  been  made  by  the  Department  from  South  Africa. 
These  wheats  all  resemble  this  introduction,  except  that  they  had  red  instead 
of  white  kernels.  The  Golden  Ball  is  reported  to  be  extensively  grown  in 
South  Africa  and  is  recognized  as  a  valuable  drought-resistant  and  rust- 
resistant  variety. 

Neethling,  in  1932  (151),  gives  a  detailed  discussion  of  the  history  of  Golden 
Ball  in  South  Africa  and  points  out  that  apparently  more  than  one  type  has 
been  grown  under  this  name  and  that  their  history  is  uncertain. 

Distribution. — Grown  on  a  considerable  acreage  in  Manitoba,  Canada,  and 
sparingly  in  North  Dakota  and  South  Dakota  but  was  not  reported  in  any  of 
the  surveys. 

KAHLA 

Description. — Plant  spring  habit,  midseason,  tall;  stem  white,  mid-strong; 
spike  awned,  oblong-fusiform,  mid-dense,  nodding;  glumes  finely  pubescent, 
black,  mid-long,  mid-wide ;  shoulders  narrow,  usually  oblique ;  beaks  wide,  1  to 
2  mm  long,  awns  black,  6  to  16  cm  long ;  kernels  white,  mid-long  to  long,  hard, 
elliptical,  humped;  germ  mid-sized;  crease  mid-wide,  mid-deep;  cheeks  angular; 
brush   mid-sized,   short. 

History.— Kahla  (reg.  no.  221)  (215,  F.P.I.  7794)  was  introduced  in  1901  by 
D.  G.  Fairchild  and  C.  S.  Scofield,  from  Setif,  Constantine  Province,  Algeria, 
for  the  United  States  Department  of  Agriculture.  Concerning  the  variety  they 
recorded  the  following  information : 

"  This  is  one  of  the  wheats  commonly  grown  by  Arabs  throughout  Algeria. 
As  the  name  Kahla  signifies,  this  is  a  black-chaffed  sort.  It  is  generally  con- 
sidered to  be  one  of  the  best  of  the  Algerian  wheats  for  adaptability  to  a  wide 
variety  of  adverse  conditions.  When  such  are  favorable  it  produces  grain  of 
excellent  quality  for  macaroni  manufacture.    Under  certain  favorable  climatic 
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conditions  the  chaff  loses  color  somewhat,  but  under  native  culture  on  the 
gravelly  hills  of  Algeria  or  in  the  semiarid  plains  the  purple-black  of  the 
chaff  is  a  striking  feature.  This  seed  is  furnished  the  department  by  Mr.  G. 
Iiyf,  manager  of  the  Geneva  Society  of  Setif.  Commonly  planted  in  November 
or  December  and  harvested  in  June  or  July." 

Experiments  with  Kahla  wheat  in  the  United  States  have  shown  that  it  is 
only  a  fair  yielding  variety,  not  superior  to  Kubanka. 

Distribution. — Estimated  area  in  1929,  28,250  acres,  in  Montana,  North  Da- 
kota, South  Dakota,  and  Nebraska. 

Synonyms. — Black  Don,  Black  Durum,  Black  Emmett,  Black  Swamp,  Purple 
Durum,  Red  Swamp,   Sloat. 

BAENATKA 

Description. — Plant  spring  habit,  late,  tall;  stem  white,  mid-strong;  spike 
awned,  fusiform,  mid-dense,  nodding ;  glumes  finely  pubescent,  black,  mid-long, 
mid-wide ;  shoulders  narrow,  oblique  to  elevated ;  beaks  1  to  2  mm  long ;  awns 
black,  5  to  15  cm  long;  kernels  red,  mid-long  to  long,  hard,  elliptical;  germ 
large ;  crease  mid-wide,  mid-deep ;  cheeks  angular ;  brush  mid-sized,  short. 

History. — Barnatka  was  introduced  from  Russia  and  distributed  for  com- 
mercial growing  by  A.  L.  Hillemann,  of  Windsor,  N.Dak.,  about  1925.  The 
variety  was  not  pure;  the  above  description   is  for  the  predominating  type. 

Distribution. — Estimated  area  in  1929,  4,495  acres  in  Stutsman,  Pierce,  and 
Wells  Counties,  N.Dak. 

EMMER 

Emmer  is  often  incorrectly  called  "  speltz  "  in  the  United  States. 
The  word  "  emmer  "  is  German,  but  it  has  come  into  use  in  North 
America,  as  there  is  no  English  name  for  this  wheat  ally.  Emmer 
may  be  of  either  winter  or  spring  habit  and  usually  is  awned.  The 
culms  often  are  pithy  Avithin,  and  the  leaves  usually  are  pubescent. 
The  rachis  is  brittle.  The  spikes  are  very  dense  and  laterally  com- 
pressed, being  narrow  when  viewed  from  the  face  of  the  spikelet 
and  wide  from  the  edge  view.  The  pedicel  (internode  of  rachis) 
is  short,  narrow,  and  pointed  and  remains  attached  to  the  base 
of  the  spikelet  which  it  bears.  The  spikelets  are  flattened  on  the 
inner  side  and  usually  contain  twTo  flowers.  The  kernels,  which 
remain  enclosed  in  the  glumes  after  threshing,  are  red,  long,  and 
slender,  with  both  ends  acute. 

Emmer  is  distinguished  from  spelt  by  the  shorter,  denser  spikes, 
which  are  laterally  compressed.  The  pedicel  of  emmer  is  shorter 
and  narrower  and  is  usually  attached  to  the  base  of  the  spikelet 
which  it  bears,  while  in  spelt  the  pedicel  remains  attached  to  the  face 
of  the  next  lowrer  spikelet.  The  inner  side  of  the  spikelet  is  flat 
instead  of  arched,  and  the  kernel  usually  is  darker  red  than  that 
of  spelt. 

It  was  estimated  that  about  166,829  acres  of  emmer  were  grown  in 
the  United  States  in  1919.  At  present  there  is  only  a  small  acreage, 
mostly  in  South  Dakota  and  North  Dakota.  In  this  country  it  is 
used  as  feed  for  livestock. 

KEY    TO    THE    VARIETIES    OF    EMMER 
Spike  Awned. 

Glumes  Glabrous. 

Glumes  White  (Triticum  dicoccum  farrum  Bayle). 

Spring  Habit.  _ 

Straw  white.  Pa&e 

Plant  early,  short Khapli 145 

Straw  purple. 

Plant  late,  mid-tall Vernal 145 

Glumes  Pubescent. 

Glumes  Black  (T.  dicoccum  atratum  Al.). 

Winter  Habit Black  Winter...     145 
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DESCRIPTION,   HISTORY,   DISTRIBUTION,   AND   SYNONYMY   OF   EMMER   VARIETIES 

KHAPLI 

Description.— Plant  spring  habit,  early,  short ;  stem  white,  mid-strong ;  spike 
awned,  broadly  oblong,  mid-dense,  inclined;  glumes  glabrous,  white,  mid- 
long,  narrow;  shoulders  mid-wide,  oblique  to  elevated;  beaks  wide,  obtuse, 
0.5  mm  long;  awns  white,  2  to  12  cm  long;  kernels  red,  long,  hard,  elliptical, 
acute,  humped,  curved,  usually  remaining  in  the  glumes  when  threshed ;  germ 
small;  crease  narrow  to  mid- wide,  shallow;  cheeks  usually  rounded;  brush 
small,  long. 

Khapli  differs  from  Vernal  chiefly  in  being  earlier  and  in  having  shorter 
stems  and  wider  spikes. 

History.— A  sample  of  Khapli  emmer  (reg.  no.  222)  was  first  obtained  in 
1908  by  the  United  States  Department  of  Agriculture  from  Hoshungabad,  Central 
Provinces,  India.  Seed  was  grown  at  University  Farm,  St.  Paul,  Minn.,  and 
the  variety  has  proved  of  interest  and  value  for  breeding  because  of  its  im- 
munity from  stem  rust.  The  variety  has  yielded  well  in  experiments  in  South 
Dakota. 

Distribution. — Grown  at  several  experiment  stations. 

VERNAL    (WHITE  SPRING) 

Description. — Plant  spring  habit,  late,  mid-tall;  stem  purple,  mid-strong; 
spike  awned,  fusiform,  mid-dense,  nodding;  glumes  glabrous,  white,  mid-long, 
mid-wide ;  shoulders  mid-wide,  oblique ;  beaks  wide,  obtuse,  0.5  mm  long ;  awns 
white,  2  to  12  cm  long;  kernels  red,  long,  hard,  ovate  to  elliptical,  acute, 
humped,  usually  remaining  in  the  glumes  when  threshed;  germ  small;  crease 
narrow  to  mid-wide,  shallow;  cheeks  usually  rounded;  brush  small,  long. 

A  spike,  glumes,  a  spikelet,  and  kernel  of  Vernal  emmer  are  shown  in  plate 
45.  A. 

History. — The  origin  of  Vernal  emmer  (reg.  no.  223)  dates  from  prehistoric 
times.  In  historic  times  it  seems  to  have  been  cultivated  first  in  Switzerland. 
It  is  not  known  when  the  variety  was  first  brought  to  the  United  States,  but 
it  was  grown  by  farmers  in  the  northern  Great  Plains-  States  probably  as  early 
as  1875. 

"  Speltz  "  is  the  name  under  which  emmer  usually  is  advertised  and  sold 
by  seedsmen  in  the  Great  Plains  States.  It  usually  is  known  by  that  name  on 
the  farms  also.  This  term  is  incorrectly  used,  and  the  name  does  not  exist 
as  a  legitimate  word  in  any  language.  What  is  meant  is  the  German  word 
Spelz,  which  is  spelled  differently  and  which  is  translated  spelt  in  English. 
The  confusion  between  emmer  and  spelt  is  thought  to  have  arisen  in  Germany, 
where  considerable  quantities  of  both  cereals  are  grown. 

Yaroslav  emmer  (215,  F.P.I.  2789)  was  obtained  from  the  Government  of 
Yaroslav,  Russia,  in  1899,  by  M.  A.  Carleton,  for  the  United  States  Department 
of  Agriculture.  Experiments  with  this  introduction  in  the  United  States  have 
shown  it  to  be  practically  identical  with  Vernal  emmer. 

Distribution. — Grown  to  a  slight  extent  in  South  Dakota  and  North  Dakota. 

Synonyms. — "  Speltz  ",  White  Spring,  Yaroslav. 

BLACK    WINTER 

Description. — Plant  winter  habit,  late,  tall ;  stem  white,  strong ;  spike  awned, 
broadly  fusiform,  mid-dense  to  dense,  inclined;  glumes  pubescent,  black,  mid- 
long,  mid-wide ;  shoulders  mid-wide,  usually  elevated ;  beaks  wide,  1  mm 
long ;  awns  black,  4  to  15  cm  long ;  kernels  red,  long,  hard,  elliptical,  acute, 
curved,  enclosed  in  hull  when  threshed ;  germ  small ;  crease  mid-wide,  shallow ; 
cheeks  angular;  brush  small,  long. 

Black  Winter  emmer  is  quite  distinct  in  having  pubescent  black  glumes. 
Unlike  the  varieties  of  spring  emmer,  this  variety  is  very  susceptible  to  rust. 
A  spike,  glumes,  a  spikelet,  and  kernels  of  Black  Winter  emmer  are  shown  in 
plate  45,  B. 

History. — Black  Winter  emmer  (reg.  no.  224)  (215,  F.P.I.  11650)  was  ob- 
tained in  1904  from  Vilmorin-Andrieux  &  Cie.,  Paris,  France,  by  the  United 
States  Department  of  Agriculture.  The  original  importation  of  79  pounds  of 
seed  was  sown  in  the  fall  of  1904.  From  the  resulting  crop  seed  was  increased 
81578°— 35 10 
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and  distributed  to  experiment  stations  and  to  a  number  of  farmers  throughout 
the  United  States.  The  results  of  experiments  since  that  time  have  been 
unfavorable.  The  variety  has  not  proved  sufficiently  hardy  for  growing  suc- 
cessfully north  of  Kansas  and  Wyoming  in  the  Great  Plains  area  and  has  not 
been  able  to  compete  with  other  cereals  in  the  southern  Great  Plains. 

Buffum's  Improved  Winter  emmer  is  identical  with  the  emmer  described, 
but  is  more  uniform.  Buffum's  Improved  Winter  emmer  was  distributed  by 
B.  C.  Buffum,  of  Worland,  Wyo.  When  director  of  the  Wyoming  Agricultural 
Experiment  Station  at  Laramie,  he  received  a  small  quantity  of  seed  of  Black 
Winter  emmer  from  the  Division  of  Cereal  Crops  and  Diseases.  After  his 
resignation,  he  selected  and  improved  the  crop.  From  selected  plants  of  the 
1908  crop,  34  bushels  were  produced  in  1909,  710  bushels  in  1910,  and  a  crop 
of  20,000  bushels  was  estimated  in  1911.    This  seed  was  widely  distributed. 

Distribution. — Not  known  to  be  commercially  grown  at  present. 

Synonym. — Buffum's  Improved  Winter  emmer. 

POLISH  WHEAT 

Polish  wheat  has  a  spring  habit,  tall  stems,  and  a  pithy  peduncle. 
The  spike  is  awned,  large,  and  lax.  The  glumes  are  papery,  an  inch 
or  more  long,  and  narrow.  The  length  of  the  glume  equals  or  ex- 
ceeds the  length  of  the  lemmas.  The  kernel  is  long  and  narrow, 
sometimes  nearly  a  half  inch  long,  is  hard  and  has  a  shape  some- 
what similar  to  that  of  a  kernel  of  rye. 

Polish  wheat  usually  yields  less  than  other  adapted  varieties.  It 
also  is  of  inferior  value  for  bread  or  macaroni  manufacture.  Under 
other  names  it  is  frequently  sold  at  a  high  price  for  seed  by  un- 
scrupulous seedsmen.  Only  one  variety  of  Polish  wheat  is  grown  in 
the  United  States.  The  characters  of  this  variety  are  shown  in  the 
following  key : 

KEY  TO  POLISH  WHEAT 

Spike  Awned. 

Glumes  Glabrous,  White. 

Kernels  White  (Triticum  polonicum  leviasimum  Haller).  _ 

Kernels  Long  to  Very  Long,  Hard.  raSe 

Spring  Habit White  Polish 146 

DESCRIPTION,     HISTORY,     DISTRIBUTION,    AND     SYNONYMY    OF    POLISH     WHEAT 

WHITE  POLISH 

Description. — Plant  spring  habit,  early,  tall ;  stem  white,  weak ;  spike  awned, 
linear-oblong,  lax,  nodding;  glumes  glabrous,  white,  paperish,  very  long,  nar- 
row; shoulders  usually  wanting;  beaks  narrow,  acute,  0.5  to  1  mm  long; 
awns  black,  usually  deciduous,  4  to  10  cm  long;  kernels  white  (amber),  very 
long,  hard,  elliptical,  acute;  germ  mid-sized;  crease  narrow,  shallow  to  mid- 
deep;  cheeks  usually  rounded;  brush  large,  mid-long. 

A  spike,  glumes,  and  kernels  of  White  Polish  wheat  are  shown  in  plate 
46,  A. 

History. — White  Polish  (reg.  no.  229)  is  not  definitely  known  to  be  of 
Polish  origin,  as  the  name  implies.  It  has  been  grown  in  England  and  other 
European  countries  for  many  years  and  was  early  introduced  into  the  United 
States.  It  is  known  to  have  been  grown  in  Maryland  as  early  as  1845  (196, 
p.  4 IS).  From  that  time  until  the  present  frequent  references  can  be  found 
concerning  the  variety.  It  has  often  been  used  for  exploitation  by  unscrupu- 
lous growers  or  seedsmen,  the  seed  often  being  sold  for  as  much  as  $1  a  pound. 
It  has  been  tried  in  most  sections  of  the  United  States,  but  has  never  become 
established  anywhere  for  more  than  a  year  or  two.  It  is  usually  a  poor 
yielder,  although  it  has  produced  large  yields  in  some  sections. 

Distribution. — Polish  wheat  is  grown  occasionally  in  Arizona  and  Oregon  and 
doubtless  to  a  slight  extent  in  many  other  States. 

Synonyms. — Belgian  rye,  Corn  wheat,  German  rye,  Giant  rye,  Goose,  Jeru- 
salem rye,  Rice  wheat,  Siberian  Cow,  Wild  Goose. 
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Plate  45 


Vernal  (^4)  and  Black  Winter  (B)  emmers:  Spikes  and  glumes  natural  size;  kernels  X3. 
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Plate  46 


White  Polish  wheat  (^4)  and  einkorn  (£):  Spikes  and  glumes  natural  size;  kernels  X3. 
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EINKORN 

Einkorn,  or  one-grained  wheat,  has  no  English  name,  but  is  called 
einkorn  in  German,  and  that  name  has  become  fairly  well  known  in 
North  America.  The  spikes  are  awned,  narrow,  slender,  and  later- 
ally compressed.  The  spikelets  usually  contain  only  one  fertile 
floret,  for  which  reason  it  is  called  one-grained  wheat.  The  ter- 
minal spikelets  are  aborted.  The  palea  splits  into  two  parts  at 
maturity.  The  kernels,  which  remain  in  the  spikelets  after  thresh- 
ing, are  pale  red,  slender,  and  very  much  compressed.  The  kernel 
crease  is  almost  wanting. 

Einkorn  is  not  commercially  grown  in  North  America,  and  the 
species  itself  has  no  economic  importance.  The  form  most  com- 
monly grown  experimentally  is  distinguished  by  the  following  key : 

KEY  TO  EINKORN 

Spike  Awned. 

Glumes  Glabrous. 

Glumes  White  (TriticummonococcumvulgareKoem.).  Page 

Intermediate  Habit Einkorn 147 

DESCRIPTION,   HISTORY,  AND   DISTRIBUTION   OF   THE   VARIETY 

EINKORN 

Description. — Plant  winter  intermediate  habit,  very  late,  short;  stem  white, 
fine,  strong;  spike  awned,  fusiform,  mid-dense,  erect;  glumes  glabrous,  yel- 
lowish, long,  narrow;  shoulders  narrow,  apiculate;  beaks  narrow,  acuminate, 
1  to  2  mm  long;  awns  3  to  10  cm  long;  kernels  red,  mid-sized,  soft,  elliptical, 
acute,  humped,  compressed,  usually  enclosed  in  glumes;  germ  small;  crease 
narrow,  nearly  wanting,  shallow ;  cheeks  rounded ;  brush  small,  short. 

This  variety  of  einkorn  remains  prostrate  during  most  of  the  growing  season, 
but  usually  will  produce  seed  late  in  the  season  when  sown  in  the  spring.  A 
spike,  glumes,  a  spikelet,  and  kernels  of  einkorn  are  shown  in  plate  46,  B. 

History. — Einkorn  (reg.  no.  230)  apparently  originated  in  southern  Europe 
in  prehistoric  times.  Seed  of  this  cereal  has  been  introduced  into  the  United 
States  several  times,  one  of  the  earliest  introductions  by  the  Department  of 
Agriculture  having  been  received  from  Vilmorin-Andrieux  &  Cie.,  Paris,  France, 
in  1901,  but  it  is  known  to  have  been  grown  in  the  United  States  prior  to  that 
time.     The  strain  here  described  was  obtained  from  Erfurt,  Germany,  in  1904. 

Distribution. — Grown  by  many  experiment  stations  throughout  the  United 
States,  but  not  known  to  be  grown  commercially. 
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NEBRASKA  No.  60 43,109 

Neverfail 64 

New  American  Banner 77 

New  Columbia 63 

New  Economy 61 

New  Genesee— 95 

New  Ligbt - 99 

New  Marvel 99 

New  100. 59 

New  Soules _. 77 

NEWTURK - 41,66 

NEW  ZEALAND 40,55 

Niagara - 77,97 

Nicaragua 141 

NIGGER 44, 117 

Ninety-Day—. 55, 66, 94 

Nissley --       84 

Nissley's  Hybrid 84 

NITTANY.. 43,99 

Nixon .-       61 

Noah  Island - 63 

NODAK 138, 142 

No  Name —        59 

Nordhaugen 101 

Norwood 64 

Number  6 - 77,83 

Number  8 59 

Number  10 99 

Number  1656.. - 112 

Number  1656.84 112 

OAKLEY 40,64 

Ocean  Wave. 84 

ODESSA -  41,81 

Odessa 63 

Ohio  No.  127 -—        61 

Old  Dutch 81 

ONAS 40,49 

Orange... -- - 87 

Oregon  Club 132 

Oregon  Golden  Chaff— — .       79 

Oregon  Goldmine 77 

Oregon  Red 59 

Oregon  Red  Chaff 79,84,133 

Oregon  White 46 

OREGON  ZIMMERMAN 40,  51 

ORO — - — -  43, 109 

Overby --      10° 

Owen... 122 

P-762 - HO 

PACIFIC  BLUESTEM 40,50 

PALISADE 42,95 

Palouse  Bluestem 51 

Pearl  Prolific 83 

Pecavet 75 

Peck 99 

Pedigree  Giant --      119 

PELISS 138,  139 

Pelissier 139 

Pennsylvania  Bluestem 86 

Penn.  No.  44 99, 100 

Pennsylvania  Standard 74 

PENQUITE 44,  128 

Penquite's  Velvet  Chaff 128 

PENTAD -—  138, 139 

Pererodka 142 

Perfection.. 83 

Perpetuated  Fultz 61 

Pierson - 141 

PILCRAW - - 40,55 

Pilcraw  Enormous W 

Pioneer  Turkey 107 

Plymouth  Rock 77 

Polish  wheat... 146 

POOLE -  42,84 

PORTAGE.. 42,84 

POSO-- —  - 129,  131 

Poulard  wheat. 136 

POWER 41,  70 


Name  Page 

POWERCLUB 41,78 

Power's  Club 78,79 

Power's  Fife 71 

Prairie  Queen 59 

PRELUDE... 44, 127 

PRESTON.. 43, 114 

Prettybone 83 

Price's  Wonder 99 

Pride  of  California. 52 

Pride  of  Indiana 87 

Pride  of  the  Valley 89 

Pringle's  Champion. 114 

Pringle's  Champlain 114 

Pringle's  Defiance 48 

Pringle's  Surprise 52 

Prizetaker 59,  77 

Prizewinner.. 77 

PROGRESS 43, 101 

Prohi 45 

PROHIBITION •_ 39,  45 

Prolific 83 

Proper 96 

PROPO 42,95 

Prosper . 101 

PROSPERITY 40,  59 

PURKOF 40,57 

Purple  Durum 144 

PURPLESTRAW 40,  64 

PUSANo4 42,90 

Qualintine 54 

QUALITY 40,53 

Queen  of  New  York 117 

QUIVIRA 44, 126 

R.  B.  R.  3... 113 

Rappahannock 65 

Rattle  Jack 121 

Red  Allen 78 

Red  Amber.. 84,87 

RED  BOBS 41,67 

Red  California 84 

REDCHAFF 129, 133 

Red  Chaff...- - 79,81,84,94,122,125 

Red  Chaff  Bearded 122 

Red  Chaff  Club 133 

RED  CHIEF 42,89 

RED  CLAWSON 42,88 

Red  Cross. 59,87 

Red  Davie 65 

Red  Durum 139 

RED  FIFE. 41,71 

Red  Fife. - 115 

Red  Fultz 84 

Red  Hall.. 122 

REDHART 40,63 

Red  Haskell -       82 

Red  HmmL. 82 

REDHULL 44, 123 

Red  Hussar 83 

Red  Hybrid 132 

RED  INDIAN 43,98 

Red  Ivory 81 

Red  King - -        84 

RED  MAY 42,86 

Red  May 40,56,65 

Red  Odessa 83 

Red  Prolific 83 

Red  Republic — --       87 

Red  Rice - -        56 

RED  ROCK 44.J25 

Red  Russell 84 

RED  RUSSIAN 40,60 

Red  Russian 102,107 

Red  Sea -      125 

Red  Spring— 66 

Red  Swamp — 144 

Red  Top — -      125 

Red  Victory.. 59 

Red  Wafer - 81 

Red  Walla - 60,132 

RED   WAVE - 41,80 

Red  Winter - 107 

RED  WINTER  (spelt)— 135 

Red  Wonder 99 

Reed.. - - --      137 

REGAL 43,104 

REGENERATED   DEFIANCE 40,54 
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Name  Fagc 

Reliable 97 

RELIANCE... 43, 115 

RELIEF - - 43,  111 

RENFREW 41,72 

Republican  Red- -- 87 

Resistant  Fife.. 139 

REWARD 42,92 

RICE 40,  56 

Rice  wheat 146 

Rickenbrode - 45 

RIDIT 41,66 

RINK - -  40,48 

RIO . 43, 109 

Ripley 64 

ROCHESTER 42,89 

Rochester  No.  6 77 

Rochester  Red 89 

Rocky  Mountain 125 

Romanella 107 

Roosevelt 61 

Royal  Red  Clawson 84 

Ruble. - 81 

RUBY - 41,73 

Ruby 55 

Ruck.... 82 

RUDDY --  41,82 

RUDY 44, 116 

RUPERT 41,82 

Rupert's  Giant 82 

RURAL   NEW   YORKER   No.   6 41,82 

Russellite 99 

Russell's  Wonder 99 

RUSSIAN.. 44, 121 

Russian 73, 107 

Russian  Amber 97, 121 

Russian  Fife 73 

Russian  Qualintinc 54 

RUSSIAN   RED... 42,85 

Russian  Red 94 

RustProof 61,81,97,139 

St.  Louis  Grand  Prize... 95 

Salt  Lake  Club—. 132 

Salzer's  Prizetaker 59 

Saskatchewan  Fife. 71 

Satisfaction 45 

Scotch  Fife 71 

Scott's  Squarehead 63 

SEA   ISLAND 44,124 

Seven  Headed... 137 

Seven  Headed  Sinner 137 

SEVIER 44, 120 

Shamrock 61 

Shelby  Red  Chaff 122 

SHEPHERD 42,86 

Shepherd's  Perfection 121 

Shepherd's  Prolific 121 

Shepherd's  Tennessee  Fultz 89 

SHERMAN 43, 102 

Shot  Club 130 

Siberian 54, 101 

Siberian  Cow 146 

Silver  Chaff.. 45,52,59 

Silver  Club 52 

SILVERCOIN 42,  89 

Silver  King-.. 91 

SILVERSHEAF 44, 117 

Slickhead 61 

Sloat 144 

Small  Club. 131 

Smith  Club 52 

Smooth  Humpback 118 

Smyrna 137 

SOL 40,60 

Sommer's  Triple  Cross 54 

SONORA 42,94 

Soules 77 

Spade 121 

Spelt.. 135 

"Speltz" 145 

Spring  Turkey 124 

Squarehead 60 

Square  Head 63 

Square  Top 63 


Name  Page 

Standby— — 125 

STANLEY.. 42,89 

Station  No.  66 71 

Stoner 99 

Stooling 99 

Stub  Head 63 

Sun 61 

Super 91 

SUPERHARD 43,103 

Super-Hard  Blackhull.. 103.104 

Superlative 77 

SUPREME 41,68 

SURPRISE. 40,52 

Surprise 63 

Swamp 66, 125 

Swedish „ 101 

Sweet  Water  Valley 84 

Syrian _• 137 

Taganrog 142 

Taos 137 

Tauranian 107 

Tea  Leaf 101 

TEXMARQ- 43, 109 

Tennessee  Fultz 61 

Tennessee  Prolific 83 

Theiss — 107 

Thompson 55 

Thompson  Club 55 

Three  Peck— 99 

Tipton  Red 61 

TITANIC 136, 137 

TOUSE 40,47 

TRIPLET 42,90 

Triticum  3° 37 

aestivum 38 

compaction. 38 

erinaceum 129 

humboldtii... 129 

rufulum 129 

wernerianum 129 

wittmackianum 129 

dicoccum 38 

atratum 144 

farrum 144 

durum 38 

affine.. 138 

hordeiforme 138 

Uucomelan 138 

libycum 138 

melanopus 1S8 

taganrogense 138 

monococcum 38 

vulgare 147 

polonicum... 38 

levissimum 146 

sativum.. 38 

spelta. 38 

album 135 

rufum 135 

turgidum 38 

mirabile 136 

pseudocervinum. 136 

vulgare. 38 

albidum 39 

alborubrum 41 

barbarossa 44 

dclfi.. 42 

erythroleucon 44 

erythrospermum 43 

ferrugineum 44 

graecum 42 

leucospermum 42 

lutescens 40 

meridionale 44 

miltura 41 

pyrothrir.. 42 

rdutinum 44 

villnswn 42 

TRUMBULL 40,61 

TURKEY.... — 43, 108 

Turkey  Hybrid 132 

Turkey  Red 107 

Turkey  10-110. 108 


30  The  Latin  names  are  indexed  here  for  the  convenience  of  those  familiar  with  the  classifications  of 
Alefeld,  Koernicke  and  Werner,  and  others,  and  not  as  representing  the  conclusions  of  the  writers. 
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Name  Page 

Turkish  Amber 99 

Turkish  Red 107 

Tuscan  Island 99 

Twentieth  Century 59,77,83 

Two  Peck 99 

Ulta - 107 

University  Gem.. - 52 

UTAH  KANRED - 43,111 

VALLEY 43,97 

Velvet  Bluestem.- 93 

Velvet  Chaff -  91,94, 114, 115, 128 

Velvet  Head 91,95 

VERNAL  (emmer) 144,145 

V.  P.  I.  112 - - 42,84 

V.  P.  I.  131 - — -  43,99 

Virginia  Reel --- 59 

Wagner 84 

Waif - — 81 

WALKER - - — -  40,58 

Washington  Hybrid  128 130 

Waverly 81 

Wheat  of  Miracle. 137 

Wheat  3,000  Years  Old 137 

WHEEDLING... 42,  86 

White  Amber. - 45 

White  Australian 51 

White  Bluestem 51 

White  Century 77 

White  Chile— 51 

White  Clawson 77 

White  Columbia 96 

White  Eldorado 77 

White  Elliott 51 

WHITE  FEDERATION „  40,54 

White  Holland 47 

White  Hybrid 130, 132 

White  Lammas 51 

WHITEMAN 44, 124 

WHITE  ODESSA 41,74 

White  Oregon 95 

White  Palisade 95 

WHITE  POLISH 146 

White  Rice. 56 

White  Rock... 77 

White  Russian 52,55,77 


Name  Page 

White  Sonora.. 94 

White  Soules 77 

White  Spring 95 

White  Spring  (emmer)... 145 

WHITE  SPRING  (spelt) __ 135 

White  Surprise 77 

White  Touse 48 

White  Velvet  Chaff 91 

WHITE  WINTER 39,46 

White  Winter 75 

Wild  Goose 137,141,146 

WILHELMINA.. 39,46 

Wilson 74 

Wilson  Special.. 74 

WINDSOR 41,75 

Winter  Fife.. 91 

Winter  Green 117 

Winter  John 117 

Winter  King 77,84,99,117 

Winter  La  Salle 57 

Winter  Nellis 57 

Winter  Pearl.. 61 

Winter  Queen 59 

Wisconsin  No.  18 107 

WISCONSIN  PEDIGREE  No.  2 43, 104 

Wisconsin  Pedigree  No.  408 Ill 

Wisconsin  Wonder 127 

Wold's  White  Winter 46 

Wolf  Hybrid 78 

Wonderful 99 

Woods 82 

Woods  Prolific- 57 

Woolf 57 

World  Beater... 128 

Worlds  Champion.— 107 

Worlds  Fair. 81 

Yaroslav  (emmer) 145 

Yellow  Gharnovka 142 

YOGO 43, 105 

Zeller's  Valley.. 88 

ZIMMERMAN 40,  58 

Zimmerman.. 51, 52 

Zinn's  Golden 59 

Zuni 107 
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INTRODUCTION 

In  field  plantings  of  flax  (Linum  usitatissimum  L.)' varieties,  many 
degrees  of  resistance  to  the  diseases  due  to  soil-infesting  fungi  are 
apparent.  The  purpose  of  the  study  here  reported  was  to  determine 
whether  there  was  a  correlation  between  histological  characters  of 
the  roots  of  certain  flax  varieties  and  their  relative  resistance  to 
fungi  that  infest  the  soil  of  flax  fields  at  Fargo,  N.Dak. 

REVIEW  OF  LITERATURE 

Difficulty  in  producing  successive  flax  crops  on  account  of  a  con- 
dition that  develops  in  the  soil  was  noted  by  Pliny  (4)  2  in  the  first 


1  The  writer  wishes  to  thank  J.  G.  Dickson,  of  the  University  of  Wisconsin,  for  advice 
in  the  pursuit  of  these  studies  ;  also  to  acknowledge  indebtedness  to  E.  H.  Herrling,  of 
the  plant  pathology  department,  University  of  Wisconsin,  for  assistance  in  obtaining 
photomicrographs ;  to  H.  H.  Flor,  of  the  Division  of  Cereal  Crops  and  Diseases,  for 
growing  and  collecting  field  specimens  during  the  season  of  1931  ;  to  Spas  Ivanoff,  of 
the  plant  pathology  department,  University  of  Wisconsin,  for  assistance  in  preparation 
of  the  material  illustrated  in  plate  1  ;  and  to  A.  G.  Johnson,  of  the  Division  of  Cereal 
Crops  and  Diseases,  for  criticism  of  the  manuscript. 

-  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  17. 
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century.  He  wrote  that  flax  "  has  the  property  of  scorching  (ex- 
hausting) the  ground  where  it  is  grown  and  of  deteriorating  the 
quality  of  the  very  soil  itself."  Similar  ideas  prevailed  until  the 
latter  part  of  the  nineteenth  century.  In  1890  Lugger  (17)  reported 
that  failures  of  flax  crops  were  due  to  the  flax  straw  itself  when  in 
the  soil,  and  not  to  depletion  of  the  soil.  A  few  years  later  Snyder 
(25)  showed  by  chemical  analyses  of  both  soils  and  crops  that  in 
comparison  with  small-grain  crops  flax  did  "  not  remove  an  excessive 
amount  of  fertility  from  the  soil." 

During  the  period  from  1892  to  1901  it  was  discovered  that  the 
difficulty  in  the  production  of  successive  flax  crops  on  the  same  land 
was  due  to  parasitic  fungi  in  the  soil.  It  is  reported  that  in  1892 
"  Mij7abe  first  found  a  species  of  Fusarium  concerned  "  in  the  failures 
of  successive  flax  crops  in  Japan  (27).  His  findings  were  confirmed 
by  Hiratsuka  (15).  In  1893  Broekema  (7)  in  the  Netherlands 
studied  "  Vlasbrand  ",  a  soil-borne  disease  of  flax,  which  doubtless 
was  wilt.  He  suggested  the  parasitic  nature  of  the  disease  and 
pointed  out  the  possibilities  of  selecting  seed  from  surviving  plants 
for  developing  resistant  strains.  In  1901  Bolley  in  North  Dakota 
described  flax  wilt  as  due  to  a  parasitic  soil-inhabiting  fungus,  which 
he  named  Fusarium  lini,  sp.  nov.  (2,  3).  Since  these  early  dis- 
coveries much  study  has  been  made  of  the  diseases  of  flax  due  to  soil- 
inhabiting  fungi.  A  list  of  fungi  reported  on  flax,  with  short  de- 
scriptions of  the  diseases  they  cause,  has  been  compiled  by  Schilling 


Specific  diseases  of  flax  have  been  described,  but  the  symptoms  may 
not  be  distinctive.  Asterocifstis  radicis  De  Wild.,  Thielavia  basicola 
Zopf ,  and  Pythium  megalanthum  DBy.  have  been  noted  as  organisms 
that  may  occur  together  and  not  show  distinctive  symptoms  (23). 
In  the  United  States,  plants  infected  with  Rhizoctonia  have  been 
described  by  Brentzel  (5)  as  "taking  on  the  general  appearance 
of  wilt."  The  possibility  of  "  wilt "  due  to  soil  and  environmental 
conditions  has  been  reported  by  Boerger  (1).  Streets8,  in  a  study 
of  species  of  Fusarium  that  may  cause  flax  wilt,  described  F.  martii 
App.  and  Wr.  var.  viride  Sherb.  as  very  virulent  and  F.  zonatum 
(Sherb.)  Wr.  as  less  virulent.  The  first  species  is  known  to  discolor 
the  fibrovascular  bundles  of  potatoes  and  the  latter  to  cause  dry  rot 
of  potato  tubers.  It  is  a  question  whether  Streets  made  a  distinction 
of  virulence  within  wilt,  a  vascular  disease,  or  between  wilt  and 
root  rot. 

Resistance  of  flax  to  wilt  has  been  attributed  to  different  characters 
of  the  plants.  Tisdale  (26)  described  resistance  of  the  flax  root 
to  infection  as  due  to  the  development  of  a  corky  barrier  in  the  cor- 
tical tissues  ahead  of  the  fungus.  Burnham  (S)  has  reported  a  strain 
of  flax  from  which  "  it  was  possible  to  isolate  the  organism  from  the 
stem  tissues  of  plants  which  were  completely  healthy."  He  points 
out  that  resistance  cannot  be  due  wholly  to  the  formation  of  a  corky 
barrier  in  such  a  strain  of  flax.  Burnham  also  states  that  "  Crosses 
between  certain  resistant  strains  of  different  origin  showed  a  high 
percentage  of  wilt,  indicating  that  they  may  carry  different  factors 
for  resistance." 


8  Streets,  R.   B.  studies   of  the  wilt  disease   of  flax.      (Unpublished   thesis.      Li- 
brary, University  of  Wisconsin.)     1924. 
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Resistance  of  flax  to  Fusariwn,  lini  has  been  attributed  by  Reynolds 
(19,  W,  %1)  to  the  presence  of  toxic  principles  in  the  flax  plant.  He 
found  that  these  toxic  principles  occurred  in  different  amounts  in 
flax  and  suggested  that  environmental  conditions  may  inhibit  the 
expression  of  the  hereditary  factor  in  this  case.  Nelson  and  Dvorak 
(18)  correlate  resistance  of  flax  to  wilt  with  specific  globulin  frac- 
tions which  they  obtained  from  the  seeds  of  resistant  varieties. 

A  contrast  is  apparent  between  the  various  parasitic  fungi  that 
infest  the  soil  and  attack  flax  plants.  Some  of  the  fungi  are  de- 
scribed as  invading  the  vascular  tissues  of  the  roots  and  causing 
wilt,  others  as  invading  the  cortical  tissues  of  the  roots  and  causing 
root  rot.  However,  as  previously  noted,  this  contrast  may  not  al- 
ways be  apparent  from  macroscopic  symptoms,  and  confusion  results. 

VARIETIES  OF  FLAX  STUDIED 

Five  varieties  of  flax  that  differ  distinctly  in  their  resistance  to 
the  complex  of  parasitic  fungi  that  occur  in  soil  continuously  cropped 
to  flax  were  studied.    These  are  as  follows : 

Bison  (C.I.  3893). 4 — A  very  resistant  variety  of  seed  flax  originally  selected 
by  H.  L.  Bolley,  of  the  North  Dakota  Agricultural  Experiment  Station,  and  dis- 
tributed to  farmers  in  1927. 

Morye  (C.I.  112)  and  Pehanjo  (C.I.  160). — These  are  of  Argentine  linseed 
type  and  very  resistant. 

Ottawa  White  Flower  (C.I.  24). — This  was  chosen  as  typical  of  a  group  of 
varieties  in  which  symptoms  of  root  disease  do  not  usually  become  apparent 
until  after  midseason.  A  high  percentage  of  the  plants  survive  to  mature 
some  seeds,  but  a  low  percentage  mature  as  healthy  plants. 

Common. — A  very  susceptible  selection  from  commercial  seed  flax,  none  of 
which  survived  when  sown  in  badly  infested  soil. 

All  varieties  were  pure-line  selections.  All  varieties  except  Bison 
were  selected  and  selfed  for  five  generations  by  C.  R.  Burnham  at  the 
department  of  genetics,  University  of  Wisconsin.  His  original  seed 
was  furnished  by  the  Division  of  Cereal  Crops  and  Diseases  from  the 
crop  of  1923  grown  in  badly  infested  soil  at  Mandan,  N.Dak. 

The  five  varieties  were  chosen  for  this  study  after  tests  had  been 
made  of  a  large  number  of  varieties  by  growing  them  in  very  badly 
infested  soil.  The  tests  were  made  on  "  plot  30  "  at  the  North  Dakota 
Agricultural  Experiment  Station  (£),  where  flax  had  been  grown 
almost  continuously  for  more  than  30  years.  The  data  on  the  be- 
havior of  these  five  varieties  are  given  in  table  1.  Three  types  are 
apparent  in  the  comparative  resistance  of  these  varieties  to  diseases 
due  to  root  infections:  (1)  A  type  in  which  a  high  percentage  of 
plants  survive  the  season  and  remain  healthy  until  mature;  (2)  a 
type  in  which  a  high  percentage  of  the  plants  appear  as  healthy 
until  about  midseason  and  survive  to  mature  some  seeds,  but  a  low 
percentage  of  the  population  mature  as  healthy  plants;  and  (3)  a 
type  in  which  no  plants  survive  later  than  midseason. 


*  C.I.  refers  to  accession  number  of  the  Division  of  Cereal  Crops  and  Diseases. 
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Table  1. — Comparative  resistance  of  certain  flax  varieties  to  diseases  due  to 
root  infections,  when  grown  in  a  badly  infested  field  at  Fargo,  N.  Dak., 
1929  and  1930 


Group  and  variety 

Year 

Plants 
emerged 

Plants  healthy 

Plants  survived 
at  harvest  » 

Condition  of 

survived  plants 

at  harvest 

June  5 

June  14 

July  26 

At 
harvest 

Healthy 

Dis- 
eased 

Resistant: 

Bison 

J1929 
\  1930 
/1929 
\1930 
J 1929 
\1930 

Num- 
ber 
150 
338 
158 
70 
154 
85 

Per- 
cent 
100 

Per- 
cent 
93.3 

Per- 
cent 

Per- 
cent 
77.3 
71.8 
72.8 
92.9 
61.7 
82.2 

Num- 
ber 
118 
258 
135 
70 
129 
75 

Per- 
cent 
78.7 
76.3 
85.4 
100.0 
83.8 
88.2 

Per- 
cent 
98.2 
94.1 
85.2 
92.9 
73.6 
100.0 

Per- 
cent 
1.8 

Morye 

100 

95.6 

70.3 

14.8 

Pehanjo.- 

100 

97.4 

74.0 

26.4 

.0 

Average 

100 

95.4 

72.2 

76.5 

85.4 

90.7 

9.3 

Partially       resistant: 
Ottawa      White 
Flower 

/1929 
\1930 

153 
73 

100 

100.0 

43.2 

39.3 
38.3 

142 
42 

92.8 

57.5 

42.3 
66.6 

57.7 

33.4 

Average 

38.8 

75.2 

54.5 

45.5 

Susceptible:  Common- 

J1929 
\1930 

111 
42 

82 

25.2 

.0 

.0 
.0 

.0 
.0 

i  Under  "  Plants  survived  at  harvest"  are  included  all  plants  that  resisted  the  attack  of  soil-borne  para- 
sites sufficiently  to  mature  any  seed. 

METHODS 

PRODUCTION  AND   PREPARATION   OF   SPECIMENS 

Plants  for  histological  studies  were  grown  in  the  field  at  Fargo,. 
N.Dak.,  and  in  the  greenhouse  at  Madison,  Wis.  The  field  plants 
were  grown  in  soil  that  was  only  moderately  infested  with  the  fungi 
that  attack  flax.  The  soil  temperatures  in  the  field  were  recorded  for 
use  in  comparison  with  temperatures  in  the  greenhouse.  The  seed 
was  sown  in  the  field  May  21,  1930,  and  specimens  of  roots  were  col- 
lected at  intervals  of  6  to  9  days  during  the  following  65  days.  On 
account  of  an  unusual  deficiency  in  rainfall  and  the  resulting  low 
moisture  content  of  the  surface  soil,  emergence  of  the  plants  was 
irregular.  In  collecting  the  specimens  care  was  taken  to  obtain 
plants  of  the  same  relative  development. 

In  the  greenhouse,  specimens  were  grown  under  controlled  envi- 
ronments in  chambers  described  by  Dickson  (10).  The  plants  were 
grown  in  pots  in  three  chambers  held  at  16°,  20°,  and  24°  C. 
respectively.  The  soil  was  maintained  at  approximately  60  percent 
of  its  water-holding  capacity.  Comparable  plantings  were  made  in 
sterilized  soil  and  in  badly  infested  soil  obtained  from  plot  30  at 
Fargo,  where  the  field  tests  of  resistance  were  conducted.  Supple- 
mentary illumination,  by  means  of  electric  lights,  was  given  during 
the  winter  months.  Temperature,  which  is  a  significant  factor  in  the 
development  of  flax  wilt  (16),  was  the  only  factor  that  was  varied  in 
the  series  of  controlled  environments  in  the  greenhouse. 

Root  specimens  were  obtained  by  digging  the  plants.  The  roots 
were  washed  carefully  to  remove  the  soil.  When  the  roots  appeared 
clean  they  were  washed  further  with  a  camel's-hair  brush  while 
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immersed  in  the  water.  This  method  was  fairly  satisfactory  for 
removing  the  finer  soil  particles  lodged  on  the  root  surfaces.  The 
roots  were  stored  for  a  short  time  in  a  refrigerator  and  then  sectioned 
by  hand.  The  sections  were  kept  in  95-percent  alcohol  for  subsequent 
examination.  With  few  exceptions  the  roots  were  sectioned  within 
48  hours  after  being  dug.  All  sections  were  cut  from  the  upper  2 
inches  of  the  root  systems,  and  the  development  of  xylem  tissues  that 
had  occurred  was  used  as  a  basis  in  the  selection  of  comparable  root 
sections  when  microscopic  observations  were  made.  Conclusions 
were  not  based  entirely  upon  observation  of  specimens  that  had  been 
killed  or  preserved  in  solutions  other  than  alcohol,  and  embedded  or 
fixed  to  slides  before  examination.  Some  specimens  were  killed  in 
formol-acetic-alcohol,  embedded  in  paraffin,  cut,  and  fixed  to  slides 
with  a  very  dilute  formalin-gelatin  solution.  This  faster  method 
was  satisfactory  to  confirm  observations  made  on  specimens  prepared 
l>y  the  slower  freehand  method.  Sections  fixed  to  glass  slides  were 
not  entirely  satisfactory,  since,  in  spite  of  precautions,  there  was 
some  interference  with  the  free  action  of  certain  reagents  such  as 
acids. 

HISTOLOGICAL   COMPARISON    OF    SPECIMENS 

The  present  study  was  planned  to  find  histological  characters  of 
the  flax  root  that  might  be  significant  in  determining  resistance  or 
susceptibility  to  soil-borne  fungus  parasites.  Sections  were  studied 
to  determine  (1)  the  occurrence  and  amounts  of  suberin  and  lignin 
in  the  root  tissues,  (2)  the  comparative  resistance  of  the  cortical 
cell  walls  to  the  action  of  certain  acids,  and  (3)  the  resistance  of 
the  middle  lamellae  to  a  pectin  solvent. 

The  following  sequence  for  studying  the  cell  walls  and  cementing 
substances  was  first  carried  through  with  specimens  from  each  envi- 
ronment and  of  different  ages: 

(1)   Sections  were  stored  in  95-percent  alcohol. 
.    (2)   Sections  were  stained  with  ruthenium  red  (1:10,000  aqueous  solution) 
in  the  dark.     This  stains  most  pentosan  materials,  lignin,  and  hydrocellulose. 

(3)  Sections  were  kept  in  0.5-percent  ammonium  oxalate  solution,  at  85°  to 
"95°  C,  for  3  hours.  By  this  treatment  the  protopectin  is  hydrolyzed  and  be- 
comes soluble.  A  few  sections  were  stained  with  ruthenium  red  (as  described 
■  above)    and  examined.     The  ammonium  oxalate  solution  was  replaced  by  a 

fresh  solution  of  the  same,  and  the  sections  were  boiled  gently  for  30  min- 
utes. A  sand  bath  and  a  small  Erlenmeyer  flask  with  a  reflux  condenser  were 
used  for  this  purpose.  This  treatment  dissolves  pectins,  pectates,  and  certain 
pentosans.  Sections  were  then  washed  and  stained  in  ruthenium  red,  Sudan 
III,  safranine,  or  phloroglucin   (1  percent  in  alcohol)   with  hydrochloric  acid. 

(4)  Sections  were  heated  in  1-  or  2-percent  sulphuric  acid,  at  85°  to  95°  C. 
for  3  to  6  hours,  to  remove  xylan,  araban,  and  some  hemicelluloses,  and  were 
then  stained  as  in  no.  3. 

(5)  A  few  sections  were  treated  in  2-  to  5-percent  sodium  hydroxide  at  85° 
to  95°  C,  to  saponify  certain  suberin  lamellae  and  fat  compounds  in  the  walls, 
and  were  stained  with  Sudan  III. 

(6)  Sections  were  stained  with  Sudan  III  for  12  hours  and  mounted  in  a 
potassium  iodide-iodine  solution.5  The  excess  solution  was  removed  from  the 
mount  and  the  sections  were  treated  with  60-  to  75-percent  solution  of  sul- 
phuric acid  while  being  observed  under  the  microscope.  The  cell  walls  are 
stained  with  the  potassium  iodide-iodine  solution  as  their  cellulose  becomes 
hydrolyzed  and  dissolves,  leaving  the  lignin  and  suberin  of  the  walls. 


6  Iodine  0.3  g  and  potassium  iodide  1.5  g,  dissolved  in  100  cc  of  distilled  water. 
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Kesults  from  the  foregoing  procedure  suggested  a  shorter  method, 
allowing  examination  of  a  greater  number  of  specimens  and  includ- 
ing only  those  parts  of  the  above-described  technic  that  indicated 
where  differences  in  resistant  and  susceptible  specimens  seemed  to 
lie.  Sections  were  macerated  by  the  use  of  ammonium  oxalate  and 
examined  as  stated,  stained  with  Sudan  III  or  IV,  and  treated  with 
a  potassium  iodide-iodine  solution  and  phloroglucin  and  examined 
under  the  microscope  as  sulphuric  acid  or  hydrochloric  acid  was 
applied.  Various  concentrations  of  the  acids  were  used.  A  mount 
was  prepared,  consisting  of  two  specimens  to  be  compared.  Succes- 
sive additions  of  sulphuric  acid,  in  increasing  concentrations,  were 
added  at  one  side  of  the  cover  slip  and  withdrawn  from  the  opposite 
side  with  absorbent  paper,  the  specimens  being  watched  at  the  same 
time  under  the  microscope  to  determine  the  strength  of  acid  that 
would  allow  time  for  comparing  the  relative  rate  of  hydrolysis  in  the 
two  specimens.  Further  comparisons  between  sections  from  the 
same  specimens  could  then  be  made  more  accurately  by  immediate 
addition  of  acid  of  suitable  concentration.  Note  was  made  (1)  of 
the  rate  at  which  the  cellulose  compounds  were  hydrolyzed  by  the 
acid,  (2)  of  the  amount  of  residue  left  after  the  action  of  the  acid, 
and  (3)  to  what  extent  the  residue  remained  intact  as  an  outline  of 
the  original  cellular  structure  of  the  tissues. 

HISTOLOGY  OF  HEALTHY  AND  DISEASED  ROOTS 

A  number  of  specimens  of  healthy  and  diseased  flax  roots  from 
young  plants  grown  under  field  conditions  were  studied  to  locate 
the  fungi  in  them. 

The  flax  root  is  diarch  in  arrangement  of  protoxylem.  Quickly 
following  the  differentiation  of  the  few  cells  at  each  protoxylem 
point,  the  metaxylem  develops  to  form  a  compact  cylinder  of  lignified 
tissue  between  them.  At  this  stage  in  the  root  development  some 
suberization  occurs  in  the  radial  and  inner  tangential  walls  of  the 
endodermal  cells  in  an  arc  opposite  the  two  protophloem  points.  As 
the  root  develops,  suberization  of  the  cell  walls  of  the  endodermis 
continues  toward  completion  of  the  circumference  formed  by  this 
layer  of  cells.  The  rate  and  extent  of  this  suberization  differed 
according  to  the  environment  in  which  the  specimens  were  grown. 

The  increase  in  diameter  of  the  root  results  chiefly  from  the 
addition  of  secondary  xylem  elements.  These  develop  to  form  a 
large  central  cylinder  of  compact  lignified  tissue.  Increase  in  the 
cortex  is  mainly  in  circumference  to  compensate  for  the  enlarging 
core  of  xylem  tissue.  No  secondary  meristem  was  observed  to  de- 
velop in  the  cortex  either  naturally  or  because  of  stimulus  such  as 
might  result  from  wound  or  infection. 

The  cortex  of  the  root  is  variable  both  in  its  duration  and  in  the 
character  of  its  cell  walls,  as  will  be  discussed  later. 

It  was  not  always  clear  from  the  material  studied  whether  the 
exposed  suberized  surface  of  older  roots  was  endodermal  or  peri- 
cyclic  in  origin.  In  some  cases  the  continuity  of  the  suberized  layer 
formed  by  the  cell  walls  was  unbroken  and  Casparian  strips  were 
evident,  indicating  endodermis. 

No  fungus  hyphae  were  observed  in  specimens  of  roots  of  sus- 
ceptible flax  plants  gathered  15  days  after  seeding   (May  16)   in 
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infested  soil  at  Fargo.  Five  days  later,  however,  the  vascular  tissues 
or  the  whole  of  the  steles  of  the  young  roots  of  comparable  plants 
were  well  filled  with  fungus  hyphae  (pi.  1,  A).  Hyphae  also  had 
emerged  through  walls  of  the  xylem  elements  between  the  spiral  or 
annular  thickenings.  In  some  cases  in  which  the  stele  was  well 
filled  with  mycelium,  hyphae  extended  into  the  cortex,  which  was 
still  intact,  from  the  part  of  the  stele  near  the  protoxylem  points 
(pi.  1,  B).  In  such  specimens  only  the  pericycle  and  endodermis, 
which  latter  had  not  become  suberized,  separated  the  protoxylem 
from  the  cortical  parenchyma  of  the  root. 

It  was  not  observed  how  the  fungus  gained  entrance  into  the  xylem 
of  the  root,  but  indications  were  that  it  entered  at  or  near  the  root 
tip,  under  the  natural  conditions  in  the  field.  No  hyphae  were 
observed  in  the  vascular  tissues  of  roots  of  the  resistant  flax  grown 
under  the  same  conditions.  On  the  surface  of  roots  from  comparable 
resistant  plants,  mats  of  hyphae  were  noted.  An  extreme  case  of  this 
is  shown  in  plate  1,  0.  Other  specimens  showed  evidence  that  such 
a  condition  may  have  existed  in  the  soil  but  that  the  hyphal  mats  had 
been  lost  in  the  washing  process.  No  penetration  was  observed  in 
such  cases,  and  it  is  a  matter  of  speculation  whether  such  fungi  would 
penetrate  the  cortex  of  a  young  susceptible  root  and  readily  rot  it  so 
that  it  would  not  be  noticed  in  the  collection  of  specimens.  In  com- 
parable specimens  of  roots  of  resistant  flax,  large  nonseptate  hyphae 
of  an  unidentified  fungus  were  found  in  and  between  the  cells  in  the 
cortex  (pi.  1,  D).  Some  of  the  cortical  cells  were  greatly  enlarged 
and  contained  a  striking  deposit,  which  presumably  had  developed  in 
response  to  the  hyphal  invasion  in  the  adjacent  tissues  (pi.  1,  2>,  d). 
Very  young  collapsed  roots  were  frequently  noted  in  specimens  from 
comparable  susceptible  plants.  The  cortical  cell  walls  of  such  roots 
stained  with  safranine  in  contrast  to  those  of  young  healthy  roots, 
which  stained  with  fast  green.  The  cause  of  the  collapsed  condition 
of  the  roots  was  not  apparent  in  the  specimens  observed,  but  it  is 
suspected  that  parasitic  fungi  were  responsible  for  it.  The  cellulose, 
which  in  the  healthy  roots  was  stained  by  fast  green,  had  been  so 
modified  that  it  was  stained  by  safranine,  which  shows  a  possible 
relation  to  the  ligninlike  compounds  found  in  wounded  tissues  as 
described  later. 

The  observations  in  this  study  were  (1)  that  in  the  roots  of  sus- 
ceptible flax  plants  the  vascular-invading  fungus  grew  well  in  the 
vascular  tissue  and  in  young  roots  might  spread  from  the  stele  to 
the  cortex,  and  (2)  that  in  comparable  roots  from  highly  resistant 
plants  no  development  of  fungi  occurred  in  the  vascular  elements 
under  field  conditions.  Further  study  is  required  of  the  mats  of 
hyphae  found  on  the  surface  of  the  roots  of  resistant  plants,  the 
unidentified  fungus  with  nonseptate  hyphae  found  in  the  cortex  of 
resistant  plants,  and  the  frequent  collapse  and  modification  of  the 
cell  walls  of  very  young  roots  of  susceptible  plants. 

COMPARATIVE    HISTOLOGY    AND    PATHOLOGICAL    RESPONSES    OF 

ROOTS 

SPECIMENS  FROM  GREENHOUSE  PLANTINGS 

Studies  were  made  to  determine  differences  in  the  cell  walls  of  the 
root  cortex  (1)  by  the  use  of  stains,  (2)  by  comparison  of  the  relative 
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amounts  of  hydrolyzable  and  nonhydrolyzable  materials,  and  (3)  by 
comparison  of  the  rate  at  which  the  cellulose  compounds  became 
hydrolyzed  by  sulphuric  acid  as  previously  described.  No  significant 
differences  were  observed  between  comparable  plants  grown  under 
greenhouse  conditions  at  15°  to  16°  and  at  20°  to  22°  C,  respectively. 

Differences  were  not  apparent  in  the  character  of  the  middle 
lamellae  in  the  roots  of  flax  growing  at  20°  to  22°  and  at  24°  when 
examined  at  intervals  from  7  to  28  days  after  planting.  Later  col- 
lections of  root  specimens  from  plants  growing  at  20°  to  22°,  made 
at  intervals  during  a  period  of  107  days,  showed  that  a  change 
occurred  in  the  chemical  constitution  of  the  cell-cementing  substances 
in  the  cortical  parenchyma.  As  the  plants  developed,  this  tissue 
gradually  became  more  resistant  to  maceration  by  ammonium  oxalate 
solution,  as  previously  described.  This  increase  in  resistance  to 
maceration  was  most  marked  in  the  peripheral  region  of  the  cortex 
and  gradually  decreased  toward  the  inner  part  of  the  cortex.  This 
gradient  was  more  uniform  in  the  resistant  variety  Pehanjo.  In 
the  susceptible  variety  Common  the  resistance  to  maceration  was 
greatest  at  the  epidermis  but  patchy  rather  than  uniform  through 
the  cortex.  In  the  older  roots  of  the  resistant  variety  this  increased 
resistance  to  maceration  appeared  also  just  outside  of  the  endo- 
dermis.  The  more  uniform  resistance  to  maceration  that  developed 
in  the  cortical  tissues  of  the  roots  from  resistant  strains  when  grown 
in  the  greenhouse  corresponds  with  the  greater  amount  of  cortical 
tissues  that  were  found  intact  on  the  roots  of  these  strains  when 
collected  from  field  plots. 

The  root  specimens  from  flax  grown  in  the  greenhouse  at  15°  to 
16°  C.  for  40  days  showed  only  the  beginning  of  change  in  the  chemi- 
cal constitution  of  the  cell-cementing  substance  in  the  peripheral 
region  of  the  cortical  parenchyma.  In  the  case  of  the  susceptible 
Common  flax,  the  root  sections  were  too  completely  macerated  to 
permit  examination  after  boiling  in  the  ammonium  oxalate  solution. 
Examinations  of  specimens  collected  from  the  same  plantings  at  58, 
68,  and  107  days  showed  that  the  same  progressive  change  in  resist- 
ance to  maceration  had  occurred  as  described  above  for  plants  grow- 
ing at  20°  to  22°.  Comparisons  between  the  varieties  showed  the 
susceptible  variety  lagging  behind  the  resistant  varieties  and  more 
patchy  in  its  resistance  to  maceration.  Differences  of  a  constitutional 
nature  in  the  middle  lamellae  of  root  tissues  were  not  found  either 
between  the  plants  grown  at  15°  to  16°  as  compared  with  those  grown 
at  20°  to  22°  or  between  different  strains  of  flax  grown  under  com- 
parable conditions. 

In  view  of  the  role  that  suberization  of  tissues  in  the  flax  root 
might  play  in  resistance  to  invasion  by  root  parasites  (26,  9, 11,  2 4), 
comparisons  were  made  of  the  development  of  the  endodermis  in  the 
roots  of  a  number  of  strains  of  flax  grown  at  different  temperatures. 
Differences  were  not  found  that  were  characteristic  of  any  varietv 
or  of  plants  grown  at  temperatures  of  15°  to  16°  or  20°  to  22°  C. 
Plants  grown  at  these  temperatures  showed  suberization  only  in  the 
very  distinct  Casparian  strips  in  the  oldest  portion  of  the  roots  at 
11  days  after  sowing.  After  55  days,  the  endodermis  had  developed 
so  that  the  walls  of  the  endodermal  cells  in  arcs  opposite  the  proto- 
phloem  were  suberized,  and  heavy  Casparian  strips  were  evident  in 
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A,  Central  portion  of  cross  section  of  root  of  susceptible  flax  plant  (Common)  20  days  old,  showing  abun- 
dant fungus  hyphae  in  the  xylem  elements.  X270.  B,  Longitudinal  section  of  root  of  susceptible  flax 
plant  (Common)  20  days  old,  showing  the  fungus  hyphae  extended  from  the  stele  near  the  protoxylem 
into  the  cortical  tissues  a.  X297.  C,  Longitudinal  section  of  root  of  resistant  flax  plant  (Pehanjo)  20 
days  old,  growing  in  badly  infested  soil,  showing  a  mat  of  hyphae  a  on  surface  of  root.  X143.  D,  Portion 
of  longitudinal  section  of  cortex  of  root  from  resistant  flax  plant  (Pehanjo)  20  days  old,  showing  nonseptate 
hyphae  within  a  and  between  b  cells  of  cortex.  Cell  wall  penetration  is  shown  at  c.  Enlarged  cortical 
cells  with  strikingly  abnormal  contents  are  shown  at  d.    X270. 
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PLATE  2 


A,  Cross  section  of  portion  of  cortex  from  root  of  susceptible  flax  plant  (Common)  11  days  old,  grown  in  the 
greenhouse  at  20°  to  22°  C,  showing  deposit  of  ligninlike  materials  in  outer  cells  a.  Stained  with  phloro 
glucin  and  sulphuric  acid.  X256.  B,  Cross  section  of  portion  of  cortex  of  root  from  susceptible  flax 
plant  (Common)  11  days  old,  grown  in  the  greenhouse  at  20°  to  22°,  showing  deposit  of  ligninlike  mate- 
rials in  the  cell  a,  on  the  cell  walls  b,  and  in  the  intercellular  spaces  c.  Stained  with  phloroglucin  and 
sulphuric  acid.  X256.  C,  Cross  section  of  root  from  susceptible  flax  plant  (Common)  11  days  old,  grown 
in  the  greenhouse  at  20°  to  22°  in  badly  infested  soil  from  the  field  plots,  showing  a  ligninlike  deposit  a 
in  a  small  group  of  cortical  cells.  Stained  with  phloroglucin  and  sulphuric  acid.  X68.  D,  Cross  section 
of  root  shown  in  C,  showing  pathological  response  in  a  small  group  of  cells  a  in  cortex,  when  remainder 
of  cortex  is  a  mass  of  partially  disorganized  tissue  and  mycelium.  Stained  with  Sudan  IV,  but  color 
reaction  very  faint.  Dark  color  in  photograph  due  to  density  of  ligninlike  deposit;  note  protoxylem  px 
for  comparison.    X68. 
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the  walls  of  the  cells  in  arcs  opposite  the  protoxyiem.  After  107 
days  at  the  same  temperatures,  at  least  the  inner  walls  of  all  the 
cndodermal  cells  were  suberized. 

Pathological  responses  also  were  studied  in  roots  of  flax  plants 
grown  under  the  controlled  environments  in  the  greenhouse.  The 
root  specimens  for  this  study  were  obtained  either  from  plants  grown 
in  uninfested  soil  and  mechanically  injured  or  from  plants  grown 
in  badly  infested  soil  and  thus  subjected  to  the  action  of  a  natural 
complex  of  parasites.  The  infested  soil  was  obtained  from  "  plot  30  " 
of  the  North  Dakota  station,  as  previously  noted. 

The  general  nature  of  the  response  found  in  the  cells  of  the  root 
cortex  was  the  same  from  mechanical  injury  as  from  injury  which 
general  evidence  indicated  as  due  to  parasites.  No  response  was 
found  in  the  stele  of  the  roots  observed.  In  the  cells  of  the  cortex 
there  Was  a  deposition  of  tan-colored  substances  on  the  cell  walls, 
in  the  intercellular  spaces,  and  rarely  in  the  cell  lumina.  These 
substances  were  resistant  to  the  action  of  a  62-percent  solution  of 
sulphuric  acid  and  stained  red  with  phloroglucin  as  either  hydro- 
chloric or  sulphuric  acid  was  applied  (pi.  2,  A-C).  Tests  for  suberin 
with  Sudan  III  or  IV  showed  a  faint,  almost  questionable  reaction. 
The  reaction  to  this  stain  was  not  so  distinct  as  the  illustration  would 
suggest  (pi.  2,  D).  The  dark  color  in  the  photograph  for  the  most 
part  is  due  to  the  density  of  the  deposit.  Test6  for  tannins  with  ferric 
salts  gave  negative  results.  The  resistance  of  these  deposited  sub- 
stances to  the  action  of  acids  and  their  red  color  reaction  when  phlor- 
oglucin with  either  hydrochloric  or  sulphuric  acid  is  applied  indicates 
a  relationship  with  the  ligninlike  materials  that  are  found  in  plant 
tissues  (13).  Such  a  reaction  in  response  to  injury  occurred  in  all 
the  strains  of  flax  used  in  this  study  and  was  not  limited  to  plants 
grown  in  the  greenhouse  chambers  either  at  15°  to  16°  or  at  20°  to 
22°  C.  Specimens  grown  at  24°,  because  they  readily  became  dis- 
eased and  rotted,  did  not  withstand  the  handling  necessary  in  pre- 
paring them  for  observation. 

The  cause  of  such  a  pathological  response  was  not  always  apparent 
in  the  specimens  examined,  nor  indicated  by  the  location  or  organiza- 
tion of  the  pathological  tissue  that  resulted.  In  cases  where  the 
plants  had  been  purposely  wounded,  the  response  occurred  in  the 
cell  walls  of  tissue  following  along  or  just  beneath  the  surface  ex- 
posed by  the  wound  (pi.  3,  A)  and  in  a  few  isolated  spots  within  the 
cortical  parenchyma,  where  cells  no  doubt  had  been  injured  by  crush- 
ing when  the  wounds  were  made.  Thus  mechanical  injury  produced 
the  same  type  of  response  in  the  wounded  tissue  as  is  found  in  re- 
gions of  fungus  invasion.  In  cases  where  the  roots  had  not  been 
wounded  by  mechanical  means,  much  variation  was  found  in  the 
extent  of  response  which  had  resulted  from  causes  not  apparent  in 
the  specimens  as  observed.  In  an  otherwise  normal  part  of  the  root, 
deposition  of  substances  might  be  limited  to  the  wall  on  one  side  of 
a  single  epidermal  cell  as  it  appeared  in  cross-section,  or  it  might 
occur  on  the  whole  of  the  cell  wall  and  parts  of  the  walls  of  the  ad- 
jacent cells.  Again,  several  cells  might  be  involved  so  as  to  form 
a  small  pocket  on  the  root  surface  (pi.  2,  A}.    At  times  deposition - 
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of  substances  on  the  walls  of  the  exposed  cells  of  the  cortex  would 
cover  large  enough  areas  to  be  evident  to  the  naked  eye  as  tan  or  light- 
brown  spots  on  the  roots  as  they  were  dug  from  the  soil.  Such  tan 
spots  were  due  to  the  reaction  in  the  outer  cells  of  the  cortex  and 
when  examined  under  the  microscope  appeared  clean  as  compared 
with  those  where  the  reaction  had  occurred  in  a  layer  of  cells  be- 
neath the  surface  on  which  some  dead  tissue  and  bits  of  soil  persisted. 
Such  specimens  were  found  more  frequently  in  roots  taken  from 
plants  grown  in  infested  soil  at  temperatures  favorable  for  the  devel- 
opment of  disease  than  in  roots  grown  at  lower  temperatures  or  in 
uninfested  soil  at  the  same  temperature.  Also,  in  these  cases  the 
amount  of  modified  tissue  was  much  greater  in  the  susceptible  than 
in  the  resistant  strain.  This  suggested  that  the  injuries  were  due 
to  the  action  of  soil  parasites. 

Tisdale  {26) ,  in  a  discussion  of  the  relation  of  Fusarium  lini  to  the 
resistant  flax  plant,  mentioned  brown  spots  on  the  roots  and  described 
them  as  occurring  where  the  outer  cells  of  the  cortical  parenchyma 
had  been  invaded  by  hyphae  and  a  modification  had  occurred  in  the 
cells  of  the  cortex  just  beneath.  This  seemed  a  very  plausible  expla- 
nation of  the  location  of  the  change  in  the  tissues  in  such  specimens 
and  of  their  resistance  to  the  parasite.  However,  in  some  specimens 
studied  by  the  writer  the  response  was  centered  in  a  cortex  filled  with 
fungus  hyphae  (pi.  2,  D).  In  such  cases,  the  relation  between  such 
localized  responses  in  the  tissue  and  invasion  of  fungus  hyphae  is 
not  apparent.  The  fungus  penetrated  the  modified  cells  of  the  cortex, 
but  a  great  deal  less  mycelium  developed  in  them  than  in  those  where 
no  response  by  deposition  of  substances  on  the  cell  walls  had  occurred. 
The  walls  of  the  cortical  cells  in  which  the  fungus  hyphae  were 
abundant  hydrolyzed  with  acid  more  readily  than  those  of  corre- 
sponding cells  in  the  modified  tissue,  where  hyphae  were  scarce,  or 
those  in  comparable  healthy  specimens.  It  was  evident,  therefore, 
that  the  fungus  had  destroyed  some  of  the  stability  normally  present 
in  the  walls  of  the  cortex. 

SPECIMENS    FROM    FIELD    PLANTINGS 

Comparisons  of  root  tissues  in  field-grown  specimens  were  made 
between  the  same  strains  of  flax  and  in  the  same  manner  as  described 
above  for  specimens  from  greenhouse  plantings.  These  comparisons 
were  made  to  determine  whether  differences  in  the  root  tissues  of  these 
strains  of  flax  could  be  correlated  with  their  differences  in  resistance 
to  disease  caused  by  soil-borne  parasites.  Material  for  this  study  was 
collected  from  a  planting  made  May  21,  1930,  at  Fargo,  N.Dak.,  on 
land  where  flax  had  grown  previously  but  where  the  soil  was  not  suf- 
ficiently infested  with  parasites  to  interfere  with  the  growth  of  a  very 
susceptible  strain.  Record  was  kept  of  the  soil  temperatures  at  a 
depth  of  2  to  3  inches  in  this  plot,  in  order  to  compare  the  root  speci- 
mens with  those  produced  under  controlled  temperatures  in  the 
greenhouse. 

For  comparison  of  the  population  of  the  respective  varieties  and 
strains,  a  comparable  number  of  root  sections  from  each  of  10  or 
more  plants  were  taken  as  a  composite  sample  about  every  10  days. 
Since  comparisons  between  such  samples  were  made  by  examination 
of  only  root  sections  of  comparable  development  as  indicated  by  the 
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xylem  tissues,  their  classification  is  taken  as  an  index  to  the  classifi- 
cation of  the  populations  in  the  respective  plantings.  The  relative 
resistance  of  the  cell  walls  of  the  root  cortices  to  hydrolysis  by  acids 
and  the  relative  amounts  of  nonhydrolyzable  substances  they  con- 
tained were  used  as  a  basis  of  classification  and  comparison.  The 
specimens  were  divided  into  four  groups,  as  follows :  Group  1  con- 
tained roots  in  which  hydrolysis  of  compounds  in  the  cortical  cell 
walls  was  readily  accomplished  and  in  which  the  cell  walls  contained 
only  insignificant  amounts  of  nonhydrolyzable  materials,  if  any. 
Groups  2,  3,  and  4  included  plant  roots  in  which  relatively  greater 
degrees  of  stability  of  materials  in  the  cortical  cell  walls  were  devel- 
oped, respectively,  as  indicated  by  their  resistance  to  the  action  of 
acids  and  by  the  amounts  of  nonhydrolyzable  substances  present 
(pi.  3,  Z?,  O).  Root  specimens  from  the  different  varieties  of  flax, 
collected  20  days  after  seeding,  showed  the  following  distribution  of 
plants  in  the  different  groups  (table  2). 

The  differences  in  the  amounts  of  nonhydrolyzable  substances  in 
these  roots  were  chiefly  in  the  cell  walls  in  the  peripheral  region  of 
the  cortices,  as  but  very  little  was  left  of  the  midcortical  parenchyma, 
in  any  case,  after  the  action  of  the  acid  was  completed,  and  as  the 
inner  cortex  was  variable. 

Table  2. — Distribution  of  flax  plants  in  groups  based  on  relative  stability  of 
cell  walls  of  root  cortices 


Type  of  variety 

Percentage  of  population  in  group— 

1 

2 

3 

4 

Resistant 

0 

50 
50 

50 
40 
40 

40 
10 
10 

10 

Susceptible. 

0 

0 

Specimens  from  a  comparable  position  in  the  upper  portion  of  the 
roots  of  plants,  collected  28  and  36  days,  respectively,  after  sowing, 
showed  that  a  gradual  change  had  occurred  in  the  relative  differences 
between  roots  of  resistant  and  susceptible  strains.  They  were  alike 
in  time  necessary  for  complete  hydrolysis  of  cortical  cell- wall  sub- 
stances. However,  the  differences  in  the  amount  of  residual  wall 
materials  left  after  the  cellulose  materials  had  been  digested  were 
still  noticeable  but  were  less  marked.  The  cortices  of  root  specimens 
collected  at  later  dates  could  not  be  compared,  since  only  frag- 
mentary parts  or  none  of  the  cortices  were  found  to  persist  on  the 
older  roots  of  susceptible  plants.  An  example  of  the  persistence 
of  the  root  cortex  of  a  resistant  strain,  although  infested,  is  illus- 
trated in  plate  3,  Z>,  which  shows  cortical  root  rot  but  no  infection 
in  the  xylem  and  therefore  not  typical  wilt. 

A  comparison  between  the  anatomy  of  the  resistant  and  susceptible 
strains  did  not  show  differences  other  than  those  just  described. 
Qualitative  differences  in  the  cell-cementing  substances  were  not 
apparent  when  ruthenium  red  was  used  as  a  stain  after  treatment 
to  remove  the  pectic  compounds  from  the  middle  lamellae.  No 
differences  were  found  in  the  endodermis  or  stele  at  any  stage  studied. 
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Specimens  of  infected  roots  were  found  rather  infrequently  in  the 
collections  from  the  field,  because  they  were  grown  in  soil  compara- 
tively free  from  infestation.  The  response  to  injury  of  the  root 
tissues  (pi.  4,  A,  B)  was  similar  to  that  described  in  the  roots  of 
plants  that  had  grown  in  the  greenhouse  except  that  suberization 
was  more  distinct  in  the  field  specimens.  At  the  point  of  emergence 
of  a  branch  root,  a  very  distinct  response  of  this  type  occurs  in  the 
naturally  injured  and  more  or  less  exposed  cortical  tissue  (pi.  4,  G) . 
Such  responses  were  noted  both  in  resistant  and  in  susceptible  strains 
of  flax. 

COMPARISON    OF    SPECIMENS    FROM    FIELD    AND    GREENHOUSE    PLANTINGS 

A  flax  root  that  has  grown  under  field  conditions  during  the 
normal  growing  season  is  very  different  from  one  that  has  grown 
during  the  winter  in  a  controlled  environment  in  a  greenhouse, 
where  the  light  is  much  decreased  and  of  shorter  duration  than  that 
in  the  field  during  the  spring  and  summer.  The  rate  of  development 
of  the  flax  root  is  much  slower  under  the  greenhouse  conditions. 
Comparison  of  comparable  sections  of  the  primary  roots  from  plants 
grown  in  the  greenhouse  and  field,  respectively,  showed  that  the 
root  of  the  plant  grown  in  the  field  (pi.  4,  G)  had  developed  much 
more  after  20  days  from  the  date  of  seeding  than  the  root  of  the 
plant  grown  in  the  greenhouse  (pi.  4,Z>)  had  developed  after  31  days. 
The  diameter  of  the  root  grown  in  the  field  was  about  twice  that  of 
the  root  from  the  greenhouse.  The  endodermis  in  the  latter  showed 
only  a  trace  of  suberization  as  compared  to  the  well-developed, 
heavily  suberized  endodermis  in  the  root  from  the  field.  There 
was  also  a  difference  in  the  composition  of  the  cell  walls  of  the  cor- 
tical parenchyma  of  the  roots.  Sulphuric  acid  of  a  concentration 
that  readily  dissolved  most  of  the  cell  walls  in  the  cortical  paren- 
chyma of  the  roots  grown  in  the  greenhouse  had  very  little  apparent 
effect  upon  comparable  cell  walls  in  the  roots  grown  in  the  field. 

DISCUSSION 

NATURE   AND    SIGNIFICANCE    OF   THE    PATHOLOGICAL    RESPONSES 

The  principal  pathological  response  in  the  cortical  cell  walls 
of  flax  roots  is  the  deposition  of  a  ligninlike  substance  on  the  cell  wall, 
with  possibly  some  intussusception  in  the  wall  (pi.  2,  A,  B).  The 
term  ligninlike  deposit  has  been  used,  since  it  is  apparent  from 
the  work  of  Ritter  (22) that,,  without  qualification,  such  a  term 
as  lignification  should  not  be  applied  to  the  microchemical  nature 
of  the  cell  walls.  Neither  was  it  within  the  scope  of  this  study 
with  a  small  amount  of  pathological  material  to  attempt  further 
classification  in  view  of  the  many  open  questions  in  the  details  of 
chemistry  and  technic  in  the  study  of  the  nature  of  plant-cell  walls. 
The  significant  points,  insofar  as  this  study  is  concerned,  were  that 
this  material  was  ligninlike  in  its  reaction  to  stains  and  resistant 
to  hydrolysis  by  acids  and  that  only  when  plants  were  grown  under 
field  conditions  was  suberization  distinctly  evident  in  response  to 
injury  of  the- tissues.  Tisdale  {26),  after  examination  of  field-grown 
specimens  of  infected  roots,  described  the  modification  of  the  cell 
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A,  Cross  sections  of  parts  of  root  cortices  of  susceptible  flax  plants  (Common),  grown  in  uninfested  soil  in 
the  greenhouse  at  20°  to  22°  C,  showing  response  to  wounds  made  by  mechanical  means.  Stained  with 
phloroglucin  and  sulphuric  acid  to  show  location  of  ligninlike  deposits  a.  X 135.  B  and  C,  Cross  sections 
of  roots  of  susceptible  flax  plants  (Common)  collected  from  field  plantings  28  days  after  seeding,  showing 
extremes  of  a  wide  range  in  the  stability  of  the  cortical  cell  walls  as  measured  by  their  resistance  to  the 
act  w  of  sulphuric  acid.  In  B  the  cellular  structure  persisted  and  tore  c  when  the  mount  was  handled, 
wl  m  C  the  cellular  structure  of  the  cortex  a  was  completely  dissolved  by  the  acid.  X40.  D,  Cross 
section  of  a  part  of  the  root  cortex  of  a  resistant  flax  plant  collected  from  a  field  planting  in  badly  infested 
soil  79  days  after  seeding,  showing  Thielavia  sp.  in  the  persistent  cortical  parenchyma.  Stained  with 
phloroglucin  and  sulphuric  acid.    X135. 
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A,  Cross  section  of  a  root  from  resistant  flax  plant  (Bison)  collected  from  a  field  planting,  showing  a  lignin- 
like  deposit  a  on  exposed  surface.  Stained  with  phloroglucin  and  sulphuric  acid.  X43.  B,  Cross  sec- 
tion of  root  from  susceptible  flax  plant  (Common)  grown  in  the  field,  showing  suberization  s  on  the 
exposed  surface  of  the  wound.  X43.  C,  Cross  section  of  root  from  susceptible  flax  plant  (Common) 
collected  from  a  field  planting  when  20  days  old,  showing  deposit  of  suberin  at  point  a  where  branch  root 
emercres.  Stained  with  Sudan  III.  X43.  (Compare  with  D.)  D,  Cross  section  of  root  from  suscepti- 
ble flax  plant  (Common)  collected  from  a  greenhouse  planting  when  31  days  old,  showing  development 
of  root  as  compared  with  that  shown  in  C.    Stained  with  Sudan  III.    X73. 
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walls  in  the  cortical  tissues,  resulting  from  injury  by  fungi,  as 
"  corky."  His  analysis  was  incomplete,  however,  in  that  he  used 
"  Pianeze  III  b  "  stain,  which  colors  both  suberin  and  lignin  alike. 
No  stimulation  of  cell  division  after  injury  of  the  cortex  by  fungi, 
as  described  by  him,  was  observed  by  the  writer. 

The  modification  of  the  cell  walls  by  deposition  of  substances  in 
response  to  injury  as  described  above  is  not  a  primary  character  of 
resistance  to  fungi  such  as  commonly  infest  soils  in  the  region  of 
Fargo  and  make  such  soils  unfit  for  flax  production,  as  this  response 
was  noted  both  in  resistant  and  in  susceptible  strains  of  flax.  Pene- 
tration of  such  modified  walls  by  hyphae  was  observed  to  occur,  but 
growth  of  hyphae  in  such  tissue  was  sparse  as  compared  with 
growth  in  parts  of  the  cortex  where  no  response  was  evident.  In 
■earlier  studies,  Tisdale  (26)  observed  the  resistance  offered  to  the 
fungus  by  modified  cell  walls  in  resistant  flax  roots.  As  he  did 
not  observe  the  response  to  injury  by  fungi  in  roots  of  a  susceptible 
strain  of  flax  growing  on  infested  soil,  he  interpreted  the  phenomenon 
;as  a  characteristic  of  the  resistant  plant  instead  of  its  being  a  normal 
response  to  injury  regardless  of  resistance  to  disease.  He  stated, 
however,  that  "  Possibly  these  thickened  walls  would  not  be  suffi- 
cient within  themselves  to  prevent  invasion  ",  and  this  seems  to  be 
true. 

The  rupture  of  the  cortex  by  emerging  secondary  roots  stimulated 
the  same  modification  in  the  adjacent  cortical  tissue  as  that  resulting 
from  wounds  inflicted  by  other  means  (pi.  4,  A-O).  This  type  of 
response  seems  equal  in  both  resistant  and  susceptible  strains. 

CORRELATION  BETWEEN   HISTOLOGICAL   AND    FIELD   DATA 

Stability  due  to  substances  that  were  either  more  resistant  to 
hydrolysis  by  sulphuric  acid  or  nonhydrolyzable  developed  more 
readily  and  to  a  greater  degree  in  the  cortical  cell  walls  of  the 
roots  of  resistant  flax  plants  than  in  those  of  corresponding  roots 
•of  partially  resistant  or  susceptible  plants.  If  this  stability  of  the 
cortical  cell  walls  had  been  the  only  character  concerned  in  the  resist- 
ance of  flax  strains  to  soil-infesting  parasites,  only  the  10  percent 
of  the  population  of  the  resistant  strains  that  were  found  to  have 
greater  stability  in  their  cortical  cell  walls  than  any  of  the  suscep- 
tible plants  would  have  survived  the  season,  since  100  percent  of  the 
susceptible  strains  were  killed  by  disease  due  to  such  parasites.  Also, 
after  comparing  the  root  specimens  from  plants  grown  in  the  field 
with  those  grown  under  controlled  environments  of  the  greenhouse, 
one  would  expect  that  all  plantings  in  infested  soil  in  the  green- 
house would  be  killed  very  readily  by  disease.  However,  marked 
differences  in  the  resistance  of  the  respective  varieties  of  flax  to  dis- 
ease were  apparent  in  the  greenhouse  material  except  that  grown 
at  24°  C.  At  20°  some  plants  of  the  resistant  strains  did  not  wilt 
even  though  they  did  not  at  any  age  develop  a  stability  of  their 
cortical  cell  wall  that  approached  that  found  in  20-day-old  suscep- 
tible plants  grown  in  the  field. 

The  fact  that  some  of  the  plants  persisted  when  growing  in  in- 
fested soil  under  conditions  that  did  not  allow  the  development  of 
stability  in  their  root  cortical  cell  walls  suggests  possibilities  that 
are  illustrated  by  the  following  diseases  caused  by  wilt-producing 
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or  vascular-invading  fungi.  Haymaker  (H)  found  that  resistance 
of  tomatoes  to  wilt  (Fusariurri  lycopersici  Sacc.)  is  due  to  the  abili- 
ty of  the  host  to  tolerate  certain  toxic  products  excreted  by  the  fun- 
fus.  Smith  and  Walker  (&£)  have  shown  by  cytological  comparison 
etween  cabbage  plants  that  are  resistant  and  susceptible  to  yellows 
(Fusarium  conglutinans  Wr.)  that  infection  of  the  root  takes  place 
"  through  the  growing  point  and  zone  of  elongation,  and  infrequently 
through  root  hairs  " ;  and  as  they  found  neither  u  morphological 
differences  between  resistant  and  susceptible  hosts  nor  visible  reac- 
tions produced  by  the  resistant  host  to  the  presence  of  the  parasite  ", 
they  suggest  that  resistance  may  be  due  to  the  cell  contents  of  the  re- 
sistant host.  They  also  note  that  the  heavily  suberized  cells  on  the 
inner  cortex  of  the  root  form  a  barrier  which  prevents  entrance  of 
the  parasite  to  the  stele.  As  previously  mentioned,  Reynolds  (19,  20, 
21)  nas  attributed  the  resistance  of  flax  to  wilt  (Fusarium  lini)  to 
toxic  substances  in  flax  extracts  that  inhibit  the  growth  of  the  para- 
site. Fahmy  (12)  has  described  the  fungus  (Fusarium  vasinfectum 
(Atk.)  var.  aegyptiacum  T.  Fahmy)  that  causes  wilt  of  cotton  as 
entering  the  plant  principally  through  the  region  just  back  of  the 
root  cap.  Rhizoctonia,  he  points  out,  enters  the  young  plant  through 
the  hypocotyl  and  disorganizes  the  root,  thus  causing  death ;  while  in 
wilt,  death  of  the  plant  may  not  occur.  He  also  notes  that  the  parasite 
that  causes  wilt  does  not  cause  disorganization  of  the  root  as  com- 
pared to  Rhizoctonia  and  that  it  prefers  the  vascular  system  of  the 
host,  where  it  develops  rapidly.  He  also  describes  growth  of  the 
organism  on  inorganic  media  such  as  might  be  available  to  it  in  fluids 
of  the  xylem  vessels.  Fahmy,  in  his  conclusion,  emphasizes  the  im- 
portance of  the  rotting  of  the  extremities  of  the  roots  in  the  develop- 
ment of  disease  and  points  out  how  the  disease  may  be  less  severe  if 
the  plant  is  able  to  develop  a  sufficient  root  system  below  the  levels  in 
the  soil  where  the  parasite  is  most  prevalent  and  active. 

That  fungi  of  the  root-rotting  type,  or  cortical  invaders,  as  well  as 
the  wilt-producing  type,  or  vascular  invaders,  may  infest  the  soil 
and  make  it  unfit  for  production  of  flax  has  been  mentioned. 
Rhizoctonia,  which  is  noted  in  the  above  comparison  with  wilt  of 
cotton,  may  be  frequently  encountered  on  flax  roots  growing  in 
infested  soil.  A  fungus  tentatively  identified  as  Thielavia  oastcola 
has  been  isolated  from  the  roots  of  diseased  flax  plants  collected 
in  South  Dakota  and  was  observed  in  specimens  collected  at  Fargo, 
N.Dak.  (pi.  3,  D).  As  species  of  Fusarmm  are  difficult  to  identify, 
it  is  possible  that  some  of  the  fusaria  found  in  flax  roots  may  be 
of  the  root-rotting  type.  Species  of  Fusarium  that  were  noted  by 
Streets  7  as  least  virulent  on  flax  are  not  of  the  vascular-invading 
type  on  other  hosts.  That  the  relative  stability  of  materials  in  the 
cell  walls  may  be  a  significant  character  of  resistance  to  cortical 
invasion  and  development  of  disease  caused  by  a  parasite  of  this 
type  has  been  demonstrated  in  corn  and  wheat  by  Dickson  and 
Holbert  (11)  and  in  tobacco  by  Conant  (9). 

In  young  flax  plants  collected  from  field  plantings,  it  does  not 
seem  a  mere  chance  that  the  cortical  cell  walls  in  the  roots  of  the 
resistant  strains  should  be  so  consistently  equal  to  or  better  than  those 
of  the  susceptible  strain  in  stability  as  determined  by  comparative 

'See  footnote  3. 
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treatment  with  acid.  Further,  when  such  a  wide  range  in  degree  of 
stability  exists  in  the  cell  walls  (pi.  3,  B,  0)  within  pure  lines  of 
plants  and  when  cortical  invaders  may  frequently  attack  flax  roots, 
it  seems  that  in  some  instances  correlation  may  exist  between  the 
stability  of  the  cell  walls  in  the  cortical  tissues  of  the  roots  and  the 
degree  of  resistance  shown  by  plants  growing  on  infested  soil.  For 
example,  a  plant  completely  resistant  to  a  vascular  parasite  (such  as 
Fusariwn  Uni)  might  mistakenly  be  interpreted  as  only  relatively 
resistant  to  this  parasite  if  the  possibility  of  its  susceptibility  to  less 
virulent  cortical  invaders,  or  root-rotting  fungi,  is  not  considered. 
This  possibility  is  supported  by  the  data  gained  from  field  tests  and 
from  microscopic  examination  of  root  specimens  from  field-grown 
plants,  in  the  following  manner : 

(1)  Plants  growing  in  infested  soil  are  subject  to  two  types  of 
disease,  namely,  wilt  and  root  rot. 

(2)  In  view  of  previously  reported  studies  of  resistance  to  disease 
in  flax  and  other  crops  (8,  9,  11,  14,  18,  19,  20,  21,  24,  26,  28),  it  is 
assumed  that  resistance  to  each  of  these  two  types  of  disease  is  due  to 
characters  of  the  plant  that  are  distinct  in  nature. 

(3)  The  average  loss  of  plants,  14.6  percent  (table  1),  in  the  most 
resistant  varieties  is  due  either  to  incomplete  genetic  resistance  to 
wilt  or  to  some  cause  against  which  the  plants  have  no  resistance. 
Invasion  by  fungi  (pi.  1,  D)  possibly  may  account  for  a  part  of  this 
loss.  Also,  it  has  been  reported  (6)  that  resistance  to  strains  of 
Fuswrium  Uni  may  be  specific  in  some  cases.  In  either  case  it  must 
be  considered,  in  keeping  with  the  hypothesis  above,  that  this  sus- 
ceptibility is  independent  and  uniform  through  the  populations  of 
the  respective  varieties.  Compensation  must  then  be  made  in  the 
previously  described  classification  of  plants  according  to  the  stability 
of  the  cortical  cell  walls  or  cortical  resistance  of  their  roots,  since 
this  is  taken  as  a  measure  of  their  resistance  to  infection  and  dis- 
organization by  other  fungus  parasites.  In  other  words,  14.6  per- 
cent of  the  populations  of  the  respective  strains  were  eliminated  by 
some  independent  undetermined  cause  and  consideration  is  given 
only  the  remaining  85.4  percent  of  the  populations  in  their  classi- 
fication according  to  their  relative  resistance  to  root  rot  as  determined 
by  the  relative  resistance  of  the  cell  walls  of  the  root  cortices  to 
hydrolysis  by  acids  and  the  amounts  of  nonhydrolyzable  substances 
they  contained.  The  classification  described  earlier  (table  1)  would 
then  be  as  shown  in  table  3. 

Table  3. — Distribution  of  flax  plants  oased  on  85.4  percent  of  populations  as 

shown  in  taole  2 


Type  of  variety 

Percentage  of  population  in  group— 

1 

2 

3 

4 

Total 

Resistant. 

0.0 
42.7 
42.7 

42.7 
34.2 
34.2 

34.2 
8.5 
8.5 

8.5 
.0 
.0 

85.4 

Susceptible 

85.4 

85.4 

(4)  If-  a  pure -line  strain  equal  to  the  most  resistant  strains  in  its 
resistance  to  wilt  and  equal  to  the  most  susceptible  strain  in  its 
resistance  to  cortical  rot  were  grown  in  infested  soil,  it  would  be 
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expected  that  42.7  percent  (34.2  +  8.5,  groups  2  and  3,  table  3),  or 
that  part  of  its  population  which  equals  the  resistant  strains  in  the 
above  classification,  would  be  equally  as  healthy.  Thus,  when  90.7 
percent  of  the  surviving  plants  of  resistant  strains  are  healthy 
(table  1),  we  would  expect  90.7  percent  of  the  42.7  percent,  or  38.7 
percent  of  such  a  partially  resistant  strain  to  be  healthy.  Resistance 
to  wilt  without  resistance  to  root  rot  seems  to  characterize  the  par- 
tially resistant  variety  Ottawa  White  Flower.  Microscopic  examina- 
tion of  root  specimens  showed  that  this  strain  was  comparable  to 
the  most  susceptible  strain  in  stability  of  the  cell  walls  and  therefore 
in  probable  susceptibility  to  root  rot.  It  is  considered  resistant  to 
wilt  (1)  because  the  average  of  38.8  percent  of  its  population  which 
survived  as  healthy  plants  (table  1)  checks  closely  with  the  38.7 
percent  of  healthy  plants  expected  as  above;  and  (2)  because  a  high 
percentage  of  its  population  remained  healthy  until  late  in  the 
season,  after  wilt  apparently  had  taken  its  toll  (table  1). 

The  diseased  individuals  of  Ottawa  White  Flower  did  not  show 
symptoms  entirely  distinct  from  wilt.  There  was  a  difference  in  the 
fact  that  plants  of  this  strain  appeared  to  grow  well  and  to  be 
healthy  until  after  the  susceptible  Common  flax  had  been  killed  by 
wilt.  It  was  during  the  later  part  of  the  season  that  the  growth  of 
the  plants  of  Ottawa  White  Flower  was  checked  and  the  plants 
ripened  prematurely.  If  this  was  due  to  a  difference  in  resistance 
to  wilt,  the  stunting  effect  should  be  more  apparent  throughout  the 
season.  Moreover,  such  differences  in  the  time  when  symptoms  of 
the  diseases  occurred  varied  with  the  seasons.  This  suggests  a  pos- 
sible difference  in  the  cause  of  the  symptoms.  The  observations  also 
show  that  in  plantings  of  flax  in  infested  soil,  such  as  were  used  in 
this  study,  a  distinction  should  be  made  between  reaction  to  two  or 
more  diseases  of  different  virulence  and  reaction  to  one  disease. 

SUMMARY 

Three  types  of  flax  were  selected  according  to  their  reaction  to 
diseases  due  to  root  infections  by  fungi  infesting  the  soil  where 
successive  flax  crops  had  been  grown  at  frequent  intervals  for  more 
than  30  years.  In  their  reactions  these  three  types  were  respectively 
resistant,  partially  resistant,  and  susceptible. 

Histological  studies  of  the  relation  of  disease  resistance  and  ana- 
tomical characters  showed  that  roots  from  plants  grown  in  the 
greenhouse  were  not  comparable  to  roots  from  plants  grown  in  the 
field. 

Pathological  responses,  such  as  the  deposition  of  suberin  and  lig- 
ninlike  materials  on  or  in  the  cortical  cell  walls  of  the  plant  roots, 
were  not  correlated  with  resistance  to  diseases  due  to  infections  of 
the  root  by  soil-inhabiting  fungi. 

Differences  were  found  between  resistant  and  partially  resistant  or 
susceptible  strains  of  flax  in  the  stability  of  the  cortical  cell  walls 
of  the  roots  as  measured  by  their  resistance  to  hydrolysis  by  sulphuric 
acid  and  the  amounts  of  nonhydrolyzable  materials  they  contained. 
These  differences  were  not  constant  during  the  life  of  the  plants  but 
were  most  marked  in  field-grown  plants  when  20  days  old. 

Evidence  gained  in  this  study  and  taken  from  reports  of  previous 
investigations  shows  (1)  that  two  types  of  disease,  namely,  wilt  and 
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root  rot,  may  occur  when  flax  is  grown  in  soil  that  has  produced  this 
crop  at  frequent  intervals  for  many  years,  and  (2)  that  resistance 
to  each  of  these  two  types  of  disease  is  due  to  distinctly  different 
characters  of  the  flax  plants. 

Histological  data  and  data  from  field  plantings  in  badly  infested 
soil  may  be  correlated  to  show  that  resistance  to  root  rot  is  due  to 
the  quicker  and  greater  development  of  stability  in  the  cortical  cell 
walls  of  the  roots  in  the  resistant  varieties  than  in  the  susceptible 
varieties. 
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INTRODUCTION 

In  studying  the  possibilities  of  rubber  production  in  the  United 
States,  two  species  of  rubber  vines  from  Madagascar,  Cryptostegia 
grandifiora  R.  Brown  and  C.  madagascariensis  Bojer,  have  received 
special  attention.  It  was  known  that  these  plants  would  grow  and 
reproduce  in  southern  Florida,  and  experiments  have  shown  that 
they  are  adapted  to  a  wide  range  of  conditions  in  southern  California. 

Rubber  has  been  produced  from  Cryptostegia  plants  in  Madagas- 
car and  India  and  marketed  as  "  palay  r'  or  "  pulay."  Samples  were 
on  display  at  the  Exposition  of  Madras  as  long  ago  as  1856.  Both 
in  India  and  in  Madagascar  the  rubber  was  obtained  from  wild 
plants  by  crude  native  methods,  and  no  system  of  cultivation  was 
developed.  Notwithstanding  this  early  interest  in  the  rubber-pro- 
ducing possibilities  of  these  plants,  Cryptostegia  was  first  introduced 
into  the  United  States  as  an  ornamental  rather  than  as  a  rubber 
plant. 

Cryptostegia  grandifiora,  the  palay  rubbervine,  was  introduced 
into  Mexico  by  a  German  sea  captain  who  presented  the  seeds  to 
friends  in  Mazatlan  as  those  of  a  garden  ornamental.  The  plant  soon 
became  established  and  spread  throughout  southern  Sinaloa  where 
it  became  known  locally  as  "  Clavel  d'Espaha  "  or  "  Clavel  Aleman." 
From  Sinaloa  the  plant  spread  to  other  parts  of  Mexico  and  to 
Florida  and  the  West  Indies.    The  introduction  into  the  West  Indies 
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was  made  by  Charles  S.  Dolley,  who  had  become  interested  in  the 
rubber-producing  possibilities  of  Cryptostegia  through  contacts  in 
Sinaloa. 

Cryptostegia  madagascariensis,  or  Madagascar  rubbervine,  some- 
times erroneously  referred  to  as  "  purple  allamanda  ",  was  introduced 
into  Florida  early  in  the  twentieth  century  as  an  ornamental.  As 
early  as  1904,  this  species  was  listed  in  the  catalog  of  a  Florida 
nurseryman,  though  under  the  name  of  C.  grandiflora.  It  proved 
popular  in  southern  Florida,  and  today  the  species  is  well  repre- 
sented in  garden  and  street  plantings,  especially  in  the  Miami 
section. 

To  determine  the  cultural  requirements  of  the  two  species  of 
Cryptostegia  and  of  an  interspecific  hybrid  which  was  developed  at 
the  United  States  Plant  Introduction  Garden,  at  Coconut  Grove, 
Fla.,  various  methods  of  cultivation  and  exposure  have  been  tried 
at  this  garden.  Methods  of  propagation,  both  sexual  and  vegetative, 
have  been  tested  and  compared.  Morphological  variations  within 
the  two  species  have  been  studied,  and  also  differences  between  the 
two  species  and  the  hybrid. 

Investigation  of  the  rubber-producing  capacity  of  Cryptostegia 
has  included  comparisons  of  the  rubber  content  of  the  two  species 
and  the  hybrids,  determination  of  seasonal  variation  in  rubber  con- 
tent, and  determination  of  individual  plant  yields. 

BOTANICAL  DESCRIPTION 

The  names  of  the  two  species  of  Cryptostegia  in  many  cases  have 
been  interchanged.  This  has  occurred  not  only  in  Florida  but  in 
other  parts  of  the  world.  Even  from  Madagascar,  material  received 
as  C.  madagascariensis  later  has  been  found  to  represent  C.  grandi- 
flora. There  appears  to  be  no  occasion  for  confusing  the  two  spe- 
cies, since  the  essential  differences  are  outstanding  and  easily 
recognized. 

Cryptostegia  grandiflora  was  originally  described  by  Roxburgh 
(P,  v.  2,  pp.  10-1 l)1  as  Nerium  grandiflorum,  thus  placing  it  in  the 
botanical  family  Apocynaceae.     His  description  is  as  follows : 

9.  N.  grandiflorum  R. 

Shrubby,  twining.  Leaves  oblong,  polished.  Flowers  terminal.  Nectaries 
bifid.    Follicles  three-sided  horizontal. 

A  native  of  the  Peninsula  of  India.  In  the  botanic  garden  at  Calcutta  it  is 
in  flower  a  great  part  of  the  year  though  the  seeds  do  not  often  eome  to 
maturity. 

Stem  stout,  and  woody.  Bark  smooth,  greenish  ash  colour.  Branches 
twining  up  and  over  trees  of  very  considerable  size,  every  part  abundantly 
lactescent  when  wounded.  Leaves  opposite,  short  petioled,  oblong,  entire,  obtuse- 
pointed,  polished  on  both  sides;  underneath  minutely  reticulated,  about  three 
inches  long,  by  one  and  a  half  broad.  Flowers  terminal,  from  one  to  many, 
forming  a  dichotomous  raceme  with  one  in  the  fork,  very  large,  pale  pink. 
Bracts  conically-lanceolate,  opposite,  caducous.  Calyx  five-leaved.  Leaflets 
oval-lanceolate,  with  ample,  thin  curled  margins.  Corolla  campanulate,  half 
five-cleft.  Nectaries  five,  not  alternate  with,  but  attached  to  the  tube  of  the 
corolla  immediately  above  the  stamina;  each  divided  into  two  long,  filiform, 
coloured  segments.  Filaments  short,  inserted  on  the  contracted  base  of  the  tube 
of  the  corolla.  Anthers  cordate,  incurved  in  form  of  a  dome  over  the  stigma. 
Germs  two,  one  celled,  each  containing  many  ovula  attached  to  a  large  pro- 
jecting fleshy  receptacle  on  the  inside.    Style  at  the  base  double  and  coalescing 


1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  21. 
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into  one  body  near  the  top.  Stigma,  single,  large,  globular,  with  the  vertex 
two-toothed,  and  five  glands  round  the  side,  which  are  firmly  attached  to  the 
inside  of  the  live  anthers  near  their  base ;  between  these  are  five  dark-coloured, 
spoon-shaped  scales,  which  become  detached  by  age.  Follicles  horizontal, 
three-sided,  with  the  angles  sharp;  tapering  to  a  long,  incurved,  rather  obtuse 
beak. 

In  1819  Robert  Brown  determined  that  the  plant  described  by 
Roxburgh  as  Nerium  grandiflomm  possessed  specialized  floral  parts 
for  transferring  the  pollen  from  the  anthers  to  the  stigma.2  Brown 
therefore  placed  this  species  in  the  family  Asclepiadaceae,  rather  than 
Apocynaceae,  and  created  the  new  genus  Cryptostegia.  His  original 
Latin  description  appeared  in  the  Botanical  Register  (1)  and  is 
translated  as  follows: 

Cryptostegia. 

Corolla  infundibuliform,  tube  with  five  included,  bipartite,  subulate  scales, 
alternate  with  lobes  of  limb.  Stamens  included,  inserted  in  lowest  part  of  tube, 
filaments  distinct,  anthers  coherent  with  base  of  stigma.  Translators  five, 
spatulate,  collecting  the  granular  pollen  in  the  angles  of  the  stigma.  Ovaries 
two.  Styles  two.  Stigma  pentagonal.  Seeds  tufted.  Climbing  glabrous  shrub. 
Leaves  opposite.  Peduncles  terminal,  three-parted.  Flowers  showy.  Corolla 
contorted   in   aestivation.      Follicles    angular,    very   divaricate. 

W.  Bojer  in  1837  made  brief  mention  of  another  species  of  Crypto- 
stegia which  he  named  C.  madagascarwnsis,  and  although  his  an- 
nouncement could  scarcely  be  termed  a  description,  he  is  credited  with 
having  described  this  species. 

A  translation  of  the  notice  which  appeared  in  Bojer's  Hortus 
Mauritianus  (2,  p.  212)  follows: 

C.  madagascaricnsis  Boj. 

Native  of  the  island  of  Madagascar.  Grows  on  the  seashore,  especially  on 
the  Bay  of  Bombetok.  Cultivated  in  gardens  and  on  the  River  Noire.  Shrubby 
vine.    Flowers  March  to  May. 

The  first  record  of  a  detailed  description  of  Cryptostegia  madagas- 
cariensis  is  that  of  De  Candolle  (3,  v.  8,  pp.  491-492)  in  1844.  A 
translation  from  the  original  Latin  follows : 

C.  madagascariensis  Boj. 

Leaves  ovate-elliptical,  rounded  at  the  base,  at  apex  short  acuminate,  whitish 
pubescent  on  under  surface.  Calyx  lobes  ovate,  acute  (when  dry),  with  undu- 
late-reflexed  margins.  Corolla  lobes  ovate,  acuminate,  spreading,  twice  as  long 
as  tube.  Corolla  scales  linear-lanceolate,  pointed,  entire.  Follicles  triangular, 
widely  divergent.    Native  of  the  island  of  Madagascar. 

Miquel  (8)  seems  to  have  been  the  first  botanical  authority  to 
recognize  the  confusion  of  species  in  Cryptostegia.  His  accounts 
were  based  on  observations  of  both  species  growing  in  the  Botanical 
Garden  at  Buitenzorg,  Java,  and  clearly  recognize  the  basic  differ- 
ences between  the  two  species. 

In  addition  to  the  two  universally  accepted  species  of  Cryptostegia, 
other  more  or  less  diverse  forms  of  this  genus  have  been  recognized. 
Jumelle  and  La  Bathie  (7,  p.  295)  have  emphasized  the  widespread 
occurrence  of  polymorphism  among  many  different  species  and 
families  of  plants  growing  in  Madagascar.     They  state : 

One  of  us  has  observed  in  the  northwest  of  Madagascar  more  than  twenty 
species,  apparently  of  very  different  families,  which  show  similar  variations. 

2  These  organs,  known  as  translators,  are  generally  spoon-shaped  with  a  sticky  disk  at 
the  narrow  end  which  becomes  attached  to  visiting  insects.  The  translators  are  alternate 
with  the  stamens,  and  each  one  receives  pollen  from  the  two  adjacent  anther  halves. 
The  presence  of  translators  is  a  constant  characteristic  of  the  family  Asclepiadaceae 
IP1.  5). 
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These  species  maintain  themselves,  in  spite  of  brush  fires,  on  the  laterite  hills 
which  were  formerly  wooded.  Arborescent  elsewhere,  they  form  here  only 
small  bushes  not  more  than  1  or  2  meters  in  height,  with  a  monstrous  stump, 
flattened  and  subterranean.  The  pubescence,  the  leaves,  the  flowers,  the  fruit, 
even,  are,  at  the  same  time,  diversely  modified,  but  in  an  inconstant  manner, 
and  rarely  offer  the  certain  characters  of  heredity.  Among  the  Landolphia, 
Landolphia  perrieri  is  one  of  the  species  which  is  very  polymorphous  in  all 
parts  and  is  able  to  become  pubescent.  Among  the  Cryptostegia,  we  recognize 
today  a  similar  hairy  form  of  Cryptostegia  madagascariensis. 

One  of  these  divergent  forms  has  been  described  by  Hochreutiner 
(5,  pp.  89-90)  and  tentatively  given  specific  rank  as  Cryptostegia 
glaberrima  (Hochr.).     His  description  is  as  follows: 

Cryptostegia  glaberrima  Hochr.  sp.  nov. — Cryptostegia  madagascariensis  Bojer 
ex  DC.  Prod.  VIII,  p.  492,  pro  parte. 

Climbing.  Stems  pale  brown,  glabrous,  with  prominent  and  more  or  less 
quadrangular  lenticels,  cylindric,  flattened  a  little  at  the  apex  and  with  the 
lenticels  fewer  and  smaller.  Leaves  ovate-oblong,  even  the  young  ones  glabrous 
on  both  sides,  entire,  rounded  at  the  base,  strongly  acuminate  at  the  apex, 
finely  reticulate;  petioles  short,  glabrous.  Inflorescence  corymbose,  mostly 
few-flowered  (I  have  seen  6-12  flowers)  ;  peduncle  very  glabrous,  pedicels 
glabrous  or  minutely  and  scantily  pilose.  Sepals  lanceolate,  puberulous  outside, 
very  slightly  so  inside  at  the  apex ;  calyx  with  about  10  small  lanceolate  glands 
at  the  base.  Corolla  infundibuliform,  large  and  broad,  outside,  especially  at 
the  base,  minutely  puberulent,  lobed  to  about  3/11  its  length  from  base,  with 
the  lobes  broadly  ovate,  acute,  imbricate,  dextrorsely  imbricate.  Crown  formed 
by  5  appendages,  lanceolate-subulate,  glabrous,  inserted  above  the  androecium. 
Staminal  column  ovate-conical,  anthers  with  short  acute  apex.  Translators 
spatulate.  Stigma  conical,  style  divided  to  the  base.  Ovary  bilocular,  with 
the  walls  contiguous,  grown  together  along  the  margins  and  strongly  diverging 
in  the  middle.  Follicles  when  mature  diverging,  woody,  ovate-lanceloate,  acute, 
subtriquetrous  with  two  prominent  foldings  on  the  sides,  and  one  dorsal  folding 
which  is  narrow.     Seeds  brown,  with  pappus ;  pappus  long,  silky,  very  white. 

Leaf  blade  9X5.2  to  5X3.4  cm.  long  and  wide;  petioles  about  0.8  cm.  long, 
acumen  hardly  1  cm.  long.  Inflorescence  up  to  10  cm.  in  diameter;  pedicels 
0.3  to  0.7  cm.  long.  Sepals  about  1X0.3  cm.  long  and  broad.  Corolla  4  to  5 
cm.  long  and  3  to  4  cm.  broad  at  the  apex.  Appendages  of  the  crown  0.7X0.075 
cm.  long  and  broad.  Staminal  column  0.35  cm.  in  length.  Follicles  about  8 
cm.  long,  and  with  the  foldings,  4.2  cm.  broad ;  lateral  foldings  up  to  1  cm.  and 
the  dorsal  about  0.3  cm.  broad.  Mature  seeds  about  0.9X0.35  cm.  long  and 
broad;  setae  of  the  pappus  more  than  3  cm.  in  length.  Habitat:  District  of 
Vatomandry,  concession  of  Sakarive,  rubber  vine,  flower  a  clear  mauve. 

Hochreutiner  himself  apparently  is  not  certain  that  the  type  which 
he  has  described  is  deserving  of  specific  rank,  for  he  states  that  he  is 
defining  it  as  a  species  only  to  serve  "  ad  interim  ",  or  until  further 
studies  of  the  geographical  distribution  are  reported.  However,  no 
record  was  found  of  further  studies  for  the  purpose  of  establishing 
Hochr eutiner's  glaberrima  type  as  a  natural  species.  Hochreutiner 
states  that  his  description  of  C.  glaberrima  is  based  on  a  single  branch 
which  he  found  in  the  Prodromus  Herbarium  side  by  side  with  the 
branch  upon  which  De  Candolle  based  his  description  of  C.  mada- 
gascariensis. The  two  branches  evidently  are  quite  different  as  re- 
gards pubescence,  for  De  Candolle  describes  the  leaves  as  being  to- 
mentose  on  the  under  side,  while  Hochreutiner  stresses  the  glabrous 
character  of  both  sides  of  both  young  and  old  leaves  in  the  glaberrima 

In  view  of  this  evident  diversity  of  herbarium  material  as  con- 
trasted with  the  marked  uniformity  of  a  fairly  large  population  of 
Cryptostegia  madagascariensis  introduced  from  various  sources,  it 
appears  that  both  De  Candolle  and  Hochreutiner  may  have  worked 
with  material  of  hybrid  origin. 
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The  leaves  of  all  0,  madagascariensis  plants  that  have  been  studied 
at  the  plant  introduction  garden  are  entirely  glabrous  at  all  stages  of 
development.  The  young  leaves  of  C.  grandifiora  are  scantily  pu- 
bescent, but  the  mature  leaves  are  glabrous.  The  only  plants  that  had 
definitely  pubescent  leaves  were  grown  from  seed  received  from 
Tananarive,  Madagascar,  in  1925.  These  plants  evidently  represent 
the  second,  or  later,  hybrid  generation  following  an  interspecific 
cross,  as  the  individuals  are  very  diverse  and  represent  many 
different  combinations  of  characters. 

DISCOVERY  OF  THE  INTERSPECIFIC  HYBRID 

The  interspecific  hybrid  referred  to  on  page  21  was  discovered  in 
the  spring  of  1927  by  Alfred  Keys,  associate  horticulturist  in  the 
Office  of  Cotton,  Rubber,  and  Other  Tropical  Plants.  In  1926  he 
harvested  two  pods  from  a  normal  plant  of  Cryptostegia  grandifiora. 
The  seeds  from  the  two  pods  were  sown  separately,  but  both  lots  of 
seedlings  were  given  identical  treatment  and  at  the  age  of  11  months 
were  set  out  in  field  plantings. 

Up  to  this  time  no  difference  in  the  two  lots  had  been  noticed,  but 
when  planted  side  by  side  in  the  field  it  was  apparent  that  while  all 
of  the  plants  obtained  from  one  pod  (lot  1)  were  true  to  the  grandi- 
fiora type,  the  plants  from  the  other  pod  (lot  2)  were  much  more  vig- 
orous and  exhibited  certain  morphological  characters  which  were 
distinctly  different. 

In  most  respects  the  plants  of  lot  2  resembled  C.  madagascariensis 
as  much  as  they  did  G.  grandifiora,  and  in  several  characters  they 
were  definitely  intermediate  between  the  two  species,  thus  affording 
cumulative  evidence  that  cross-pollination  had  taken  place  and  that 
the  new  plants  were  natural  interspecific  hybrids;  in  other  words, 
the  first  generation  of  G.  madagascariensis  X  G.  grandifiora*.  This 
indication  was  confirmed  when  the  second  generation  was  produced 
and  its  characters  studied,  showing  the  segregation  and  recombination 
of  characters  commonly  found  in  the  second  generation  following 
a  specific  cross. 

The  flower  structure  of  Cryptostegia  is  apparently  adapted  for 
cross-pollination,  as  evidenced  by  the  specialized  organs  for  conveying 
the  pollen,  but  other  cases  of  interspecific  crossing  are  not  known  to 
have  occurred  at  the  plant  introduction  garden,  where  the  two  species 
have  been  grown  side  by  side  for  8  years. 

There  is  no  record  of  any  plant  of  C.  madagascariensis  having  pro- 
duced any  seed  which  did  not  come  true  to  type.  One  lot  of  G. 
grandifiora  seedlings  showed  several  outstanding  plants  which  may 
have  been  interspecific  hybrids,  but  no  other  off-type  progeny  of 
G,  grandifiora  has  appeared,  and  all  efforts  to  cross-pollinate  the 
two  species  artificially  have  failed.  The  plants  of  lot  2  (see  above) 
are  the  only  ones  which  have  been  proved  to  be  hybrids  and  which 
have  exhibited  a  combination  of  characters  superior  to  the  parental 
types. 

Some  plants  growing  in  a  private  botanic  garden  near  Homestead, 
Fla.,  have  been  found  to  possess  vegetative  and  floral  characters 
very  similar  to  the  hybrids  of  lot  2.  The  origin  of  the  seed  from 
which  these  plants  were  grown  is  not  known,  but  there  can  be  little 
doubt  of  their  hybrid  origin. 
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As  mentioned  above,  the  hybrid  was  first  noticed  because  of  its 
exceptional  vegetative  vigor.  A  more  detailed  comparison  with  the 
parent  types  revealed  numerous  morphological  differences  that  had 
previously  escaped  attention. 

With  the  exception  of  three  off-type  plants,  described  on  page 
7,  the  hybrid  population  of  189  individuals  is  comparatively 
uniform.  There  is  slight  variation  among  the  individuals  in  the 
expression  of  some  of  the  quantitative  characters,  such  as  seed-pod 
size,  amount  of  pigmentation  in  the  leaves,  depth  of  division  of  the 
petal  appendages,  rubber  content,  etc.,  but  in  general  the  hybrid  type 
is  well  defined  and  easily  recognizable.  Individuals  that  have  been 
transplanted  to  different  environments  show  no  great  divergence  in 
the  expression  of  the  character  complex  which  constitutes  the  hybrid 
type. 

The  outstanding  points  of  difference  between  the  hybrid  type  and 
the  parent  species  are  shown  in  table  1  and  in  plates  1  to  6,  inclusive. 


Table  1.- 


-Comparison  of  plant  characters  of  2  species  of  Cryptostegia  and  an 
intermediate  hybrid 


Character 


Habit  of  growth. 


Stem    color    and 
texture. 


Nodes » 

Internodes » 

Lenticels  • 

Pedicels 

Corolla  color  and 
size.2 


C.  madagascariensis 


Corolla  lobes 

Is 

Corolla    append- 


Translators  4. 


Compact,  bushy  shrub 
with  slight  vining  tend- 
ency. Usually  forms  2  or 
3  main  branches  at  or 
near  the  ground. 


Dull  grayish-brown  bark 
of  both  young  and  old 
growth  much  rougher 
than  C.  gr  audi  flora. 

Considerably  enlarged 

Comparatively  short 

Few  and  large 

Length  7  to  8  mm 

Light  purple  except  enfold- 
ed portion  of  lobes,  which 
are  much  lighter  in  color. 
Inside  of  tube  darker, 
with  white  streaks  where 
petals  are  united. 
Length,  55  to  60  mm; 
width,  60  to  70  mm; 
depth  of  tube,  25  to  30 
mm;  width  of  tube,  12  to 
14  mm. 


Length,  35  to  40  mm;  width, 

18  to  22  mm. 
Length,  7  to  8  mm;  width, 

3  to  4  mm. 
Purple.    Length,    8    to    9 

mm.    Not  cleft.    Do  not 

converge    above   stigma 

head. 


Length,  2  mm;  width,  H 
mm.  Narrowly  triangu- 
lar ovate.  Abruptly  con- 
tracted at  base  into  short 
stipe. 


C  grandiflora 


Large  climbing  shrub  char- 
acterized by  whiplike, 
twining  shoots.  Climbs 
to  a  great  height  if  given 
a  support .  Usually  does 
not  branch  so  near  the 
ground  as  C.  madagas- 
cariensis. 

Main  stem  grayish  brown 
and  bark  fairly  rough. 
Younger  branches  green- 
ish brown  and  smooth 
except  for  lenticels. 

Less  prominent  than  those 
of  C.  madagascariensis. 

Comparatively  long 

Small  and  numerous 

Length,  8  to  9  mm 

Inside  almost  pure  white 
except  for  a  purplish  tinge 
along  the  median  line  of 
each  petal  near  the  base. 
Outside  very  pale  purple, 
streaked  with  darker  pur- 
ple near  base.  Enfolded 
portion  of  lobes  almost 
white.  Length,  70  to  75 
mm;  width,  80  to  90  mm; 
depth  of  tube,  45  to  50 
mm;  width  of  tube,  11  to 
13  mm. 

Length,  45  to  50  mm;  width, 
25  to  28  mm. 

Length,  13  to  15  mm;  width, 
6  to  7  mm. 

White  at  base,  faint  purple 
tinge  toward  apex. 
Length,  12  to  13  mm. 
Deeply  cleft.  Converge 
above  stigma  head. 

Length,  2Yi  mm;  width,  1 
mm.  Spatulate-orbic- 
ular. 


Hybrid 


Considerably  larger  and 
more  vigorous  than  either 
parent.  Makes  fairly 
compact  growth,  but  has 
pronounced  vining  ten- 
dency like  C.  grandiflora. 
Branching  habit  similar 
"to  C.  madagascariensis. 

Similar  to  C.  grandiflora. 


Intermediate. 

Similar  to  C.  grandiflora. 

Few  and  large. 

Length,  8  to  9  mm. 

Inside  pale  purple,  darker 
at  base,  with  white 
streaks  inside  tube  where 
petals  are  united.  Out- 
side slightly  deeper  shade 
of  purple  except  enfolded 
portion,  which  is  very 
pale.  Length,  65  to  70 
mm;  width,  80  to  90  mm; 
depth  of  tube,  35  to  40 
mm;  width  of  tube, 
15  to  18  mm. 

Length,  45  to  50  mm;  width, 

25  to  30  mm. 
Length,  13  to  15  mm;  width, 

5  to  6  mm. 
Light  purple.    Length,  11 

to    12    mm.    Shallowly 

cleft.    Converge     above 

stigma  head. 


Length,  2\i  mm;  width,  1 
mm.  Ovate,  rounded  at 
base  into  short  stipe. 


1  Comparisons  of  the  nodes,  internodes,  and  lenticels  are  shown  in  pi.  1. 

2  The  size  of  the  corollas  is  shown  in  pis.  2  and  3. 

3  See  pi.  4. 

4  See  pi.  5. 
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Two  Species  of  Cryptostegia  and  the  interspecific  Hybrid. 

Comparison  of  lenticels,  nodes,  and  internodes:  A,  Cryptostegia  madagascariensis;  B,  Cryptostegia  hybrid; 
C,  C.  grandiflora.    (Natural  size.) 
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Plate  2 


Flowers  of  the  Two  Species  of  cryptostegia. 
A,  Cryptostegia  grandiflora;  B  and  C,  C.  madagascariensis.     (Natural  size.) 
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FLOWER  OF  THE  CRYPTOSTEGIA   HYBRID.       (NATURAL  SIZE.) 
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PLATE  4 


SECTIONS  OF  CRYPTOSTEGIA    FLOWERS  SHOWING   PETAL  APPENDAGES. 

C.  grandiflora  A,  and  the  hybrid  B,  converging  above  the  stigma  head,  while  the  appendages  of  C. 
madagascariensis  C,  are  erect  and  separate.     (Natural  size.) 
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PLATE  5 


Comparison  of  Translator  Shape. 
A,  C.  grandiflora;  B,  hybrid  Cryptostegia;  and  C,  C.  madagascariensis.    (X10.) 
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Plate  6 
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Table  1. — Comparison  of  plant  characters  of  2  species  of  Cryptostegia  and  an 
intermediate  hybrid — Continued 


Character 

C.  madagascariensis 

C.  grandiflora 

Hybrid 

Young  leaves 

Light  green.     Midrib  and 

Light  green.    Midrib  and 

Light  green,  usually  with 

veins  pale  green-yellow. 

veins   usually   purplish. 

pale    green-yellow    mid- 

Basal  portion  of  blade 

rib  and  veins.     Midrib 

often  brownish. 

and  veins  sometimes 
tinged  with  purple. 

Mature  leaves 

Thick,     slightly     bullate, 

Thinner,  less  glossy,  and 

Similar   to    C.   madagasca- 

glossy, dark  green.   Mid- 

lighter   shade    of   green 

riensis  in  color  and  tex- 

rib and  veins  pale  green- 

than  C.  madagascariensis. 

ture.    Length,  100  to  120 

yellow.    Length,  70  to  90 

Midrib  and  veins  often 

mm;  width,  50  to  70  mm. 

mm;  width,  40  to  60  mm. 

purplish.    Length,  100  to 
120  mm;  width,  50  to  70 
mm. 

Petioles. 

Yellowish  green.     Length, 

Reddish  purple.     Length, 

Yellowish     green,     some- 

5 to  7  mm. 

10  to  14  mm. 

times  tinged  with  pur- 
ple.   Length,  8  to  12  mm. 

Seed  pods  * 

Length,    75    to    90    mm; 

Length,    110  to   125   mm; 

Length,    110  to   120  mm; 

width,  35  to  40  mm. 

width,  30  to  38  mm. 

width,  45  to  55  mm. 

s  Comparison  of  the  size  of  the  seed  pods  is  shown  in  pi.  6. 

As  may  be  seen  from  table  1,  the  hybrid  has  some  of  the  charac- 
teristics of  each  parent,  being  more  nearly  like  Cryptostegia  grandi- 
flora  in  habit  of  growth,  stem  color  and  texture,  internode  length, 
corolla  size,  convergence  of  corolla  appendages,  and  leaf  size,  but 
very  similar  to  C.  madagascariensis  in  regard  to  number  and  size  of 
lenticels,  leaf  color  and  texture,  petiole  color,  and  seed-pod  size. 
The  expression  of  such  characters  as  corolla  color,  node  size,  depth 
of  division  of  corolla  appendages,  translator  shape,  and  petiole  length 
appears  to  be  intermediate. 

As  mentioned  on  page  6,  three  off-type  individuals — plants  15, 
16,  and  17,  in  row  B — exhibited  combinations  of  characters  distinctly 
different  from  the  normal  hybrid  type. 

Plants  B-15  and  B-16  first  attracted  attention  by  the  unusual  shape 
of  their  seed  pods  (pi.  7).  Plant  B-17  had  vegetative  characters  so 
nearly  like  the  seed  parent,  Cryptostegia  grajidiflora,  that  it  was 
thought  at  first  that  a  plant  of  this  species  had  been  set  out  in  the 
hybrid  block  by  mistake.  However,  further  observation  and  the 
conclusive  evidence  from  a  segregating  generation  have  established 
its  hybrid  character. 

The  aberrant  character  of  plants  B-16  and  B-17  is  further  empha- 
sized by  the  fact  that  6-parted  flowers  have  been  produced.  Plant 
B-16  produced  a  flower  which  had  6  corolla  lobes,  6  corolla  append- 
ages, 6  anthers,  and  a  6-lobed  stigma.  The  ovary  apparently  was 
normal.  Plant  B-17  bore  a  flower  which  had  a  6-lobed  corolla,  but 
otherwise  was  normal. 


METHOD  OF  ANALYSIS 

Rubber  is  found  in  Cryptostegia  in  every  part  of  the  plant  except 
the  woody  portions  of  the  stem  and  root.  Although  the  rubber 
occurs  in  latex  it  cannot  be  obtained  economically  by  the  bark-tap- 
ping method  commonly  employed  in  harvesting  rubber  from  the 
Hevea  tree,  but  can  be  extracted  only  by  mechanical  or  chemical 
treatment  of  the  rubber-bearing  portions  of  the  plant.  Therefore, 
it  is  essential  that  in  devising  a  system  of  evaluating  the  rubber- 
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producing  capabilities  of  the  plant  the  methods  of  extraction  be 
considered. 

A  direct  comparison  of  the  rubber  content  of  any  two  plants  would 
require  that  the  entire  plants  be  ground  and  the  rubber  extracted 
and  weighed.  Such  a  system  would  destroy  the  plants  involved  in 
the  comparison  and  prevent  the  continuation  of  comparisons  of  the 
same  individuals  except  through  their  progeny.  To  obtain  an  esti- 
mate of  the  rubber  content  of  individual  plants,  it  was  desirable  to 
devise  a  method  of  sampling  which  would  cause  the  least  possible 
injury  to  the  plant  and  would  be  representative  of  the  portions  of 
the  plant  most  likely  to  be  harvested  under  a  system  of  commercial 
production.  It  was  also  desirable  that  the  sample  should  be  compa- 
rable with  samples  taken  from  other  plants  at  the  same  time  and  with 
samples  of  the  same  and  other  plants  taken  at  other  times. 

It  was  found  that  mature  leaves  met  the  requirements  of  sampling 
more  satisfactorily  than  any  other  portion  of  the  plant,  and  com- 
parable samples  could  be  collected  readily  from  many  plants.  Anal- 
yses showed  that  the  highest  percentage  of  rubber  was  in  the  leaves 
and  that  the  rubber  content  of  the  other  parts  of  the  plants  was 
relatively  low.  The  taking  of  leaf  samples  had  no  apparent  effect 
on  the  plants,  and  even  complete  defoliation  caused  no  appreciable 
injury. 

Except  where  otherwise  noted,  the  analyses  reported  in  this  bulle- 
tin are  of  mature  leaves  taken  at  random  from  all  portions  of  the 
plants.  In  the  case  of  tests  which  were  made  immediately  following 
periods  of  defoliation,  when  there  were  no  fully  mature  leaves  on 
the  plants,  the  most  mature  leaves  available  at  that  time  were 
selected. 

Fifty  leaves,  including  the  petioles,  selected  from  all  parts  of 
a  single  plant,  were  considered  a  standard  sample.  The  samples 
were  picked  by  hand,  placed  in  cloth  bags  and,  after  being  weighed 
preliminary  to  moisture  determination,  were  placed  immediately  in 
a  drying  oven  maintained  at  65°  C.  The  minimum  length  of  time 
required  for  thorough  drying  at  the  above  temperature  was  found 
to  be  48  hours,  although  experiments  have  shown  that  leaves  can 
be  left  in  the  oven  as  long  as  30  days  without  appreciable  change 
in  rubber  content.  It  was  possible,  therefore,  to  collect  samples  from 
a  large  number  of  plants  on  the  same  day  and  to  hold  them  in  the 
oven  until  ready  for  analysis.  By  this  method  of  procedure,  direct 
comparisons  between  as  many  as  150  plants  could  be  obtained  with- 
out possibility  of  error  due  to  different  harvesting  dates. 

In  preparation  for  the  chemical  analysis,  the  thoroughly  dried 
samples  were  ground  in  a  small  hand-power  mill  until  practically 
the  entire  sample  would  pass  through  a  20-mesh  wire  screen.  Five- 
gram  samples  of  the  ground  material  were  then  weighed  out  and 
subjected  to  the  action  of  solvents  in  Bailey-Walker  extractors.  The 
process  followed  was  essentially  that  described  by  Hall  and  Good- 
speed  (4)  by  which  the  sample  is  first  treated  with  acetone  to  remove 
all  benzol-soluble  substances  other  than  rubber.  By  this  treatment 
the  resins  and  similar  substances  which  are  soluble  in  acetone  are 
removed,  but  the  rubber  which  is  insoluble  in  acetone  remains  and  is 
extracted  by  the  benzol  in  the  next  process. 
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In  the  work  of  Hall  and  Goodspeed  an  extraction  period  of  3 
hours  was  considered  sufficient.  After  experiments  had  shown  that 
there  was  an  appreciable  amount  of  extractable  material  left  in 
samples  of  Gryptostegia  material  after  the  3-hour  period,  it  was 
obvious  that  longer  extraction  was  necessary.  A  6-hour  period  gave 
optimum  results  and  was  adopted  for  both  acetone  and  benzol 
extraction. 

After  experiments  had  shown  them  to  be  equally  efficient  and 
more  easily  handled,  25-ml  Gooch  filtering  crucibles  were  used  instead 
of  the  standard  extraction  sthimbles  supplied  with  the  Bailey- 
Walker  extraction  apparatus. 

Both  in  the  acetone  and  the  benzol  extractions  the  weight  of  the 
extract  was  determined  after  the  solvent  had  been  evaporated  and 
the  residue  dried  overnight  in  an  oven  at  a  temperature  of  65°  C. 

Whenever  possible,  analyses  were  made  in  duplicate  or  triplicate, 
but  in  some  of  the  investigations  it  was  advisable  to  analyze  only 
one  sample  from  each  lot,  so  that  it  would  be  possible  to  obtain 
widely  representative  data  from  many  plants. 

RUBBER  CONTENT  OF  HYBRID  AND  PARENT  SPECIES 

The  morpholgical  differences  that  serve  to  distinguish  the  hybrid 
from  its  parent  species  have  been  stated,  but  from  a  practical  stand- 
point rubber  content  is  the  most  important  characteristic.  In  this 
respect  the  hybrid  has  proved  to  be  significantly  superior  to  any 
individuals  or  groups  of  either  parent  species. 

In  May  1931  a  series  of  analyses  was  undertaken  to  obtain  com- 
parable data  on  the  rubber  content  of  plants  of  the  two  species  of 
Gryptostegia  and  the  hybrid.  Samples  consisting  of  approximately 
500  leaves  each  were  picked  at  random  from  several  plants  of  each 
species  and  the  hybrid,  at  approximately  the  same  date  each  month 
for  a  period  of  10  months.  The  plants  used  to  represent  G.  grand)  - 
-flora  and  C.  maclagascariensis  were  approximately  the  same  age  as 
the  hybrid  plants,  and  care  was  exercised  to  obtain  leaves  of  com- 
parable maturity  from  all  three  populations. 

No  outstanding  individual  plants  were  used,  since  the  object  was 
to  obtain  a  measure  of  the  relative  rubber-yielding  capacity  of 
large  groups  of  individuals  at  the  time  of  harvesting.  Each  500-leaf 
sample  was  analyzed  in  triplicate  to  reduce  the  possibility  of  error. 

The  period  covered  by  this  series  of  analyses  represents  a  complete 
annual-growth  cycle,  beginning  in  May  with  young  leaves  and 
including  all  stages  of  leaf  maturity  up  to  the  defoliation  period 
the  following  March. 

The  results  are  represented  graphically  in  figure  1  and  show  that 
the  rubber  content  of  the  leaves  of  the  hybrid  plants  was  higher 
than  that  of  the  leaves  of  the  plants  of  either  species  in  every  month. 
In  some  months  the  rubber  content  of  the  leaves  of  the  hybrid  was 
more  than  double  that  of  the  leaves  of  either  of  the  two  species.  The 
highest  rubber  content  found  in  a  leaf  sample  of  Gryptostegia  grand- 
iflora  was  3.13  percent,  in  G.  madagascariensis  2.94  percent,  and  in 
the  hybrid  5.97  percent. 

81852°— 34 2 
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In  other  tests  of  individual  plants  of  the  two  species  the  highest 
rubber  content  found  in  the  leaves  of  any  plant  of  O.  grandiflora 
was  3.34  percent,  while  in  C.  madagascariensis  it  was  3.14  percent. 
The  highest  rubber  content  found  in  the  leaves  of  a  single  hybrid 
plant  was  8.60  percent. 


k  ft  n- , .  !s 
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Figure  1. — Rubber  content  in  percentage  of  the  dry  weight  of  leaves  of  plants  of  Grypto- 
stegia  grandiflora,  G.  madagascariensis,  and  the  hybrid  Cryptostegia,  harvested  on  the 
specified  dates  from  May  1931  to  February  1932,  inclusive. 

SEASONAL  VARIATION   IN   RUBBER   CONTENT  OF   THE  HYBRID 

Under  southern  Florida  conditions,  the  hybrid  Cryptostegia  nor- 
mally sheds  all  of  its  mature  leaves  in  the  early  spring,  i.e.,  March  or 
April,  and  immediately  puts  out  a  vigorous  flush  of  new  growth  and 
leaves.  A  limited  amount  of  new  growth  is  formed  during  the 
summer  and  early  fall  months  and  some  leaf-shedding  occurs  at  all 
seasons  of  the  year,  since  the  temperature  is  seldom  low  enough  to 
induce  complete  dormancy.  However,  the  main  growth  cycle  nor- 
mally is  completed  in  the  early  spring. 

In  order  to  determine  the  stage  in  the  growth  cycle  at  which  the 
leaves  would  be  likely  to  yield  the  greatest  amount  of  rubber,  approx- 
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imately  500  leaves  averaging  1  cm  in  length,  and  less  than  3  days 
old  were  tagged  on  September  22,  1931.  One  month  later,  and  at 
10-day  intervals  thereafter  until  the  supply  was  exhausted,  25  of 
these  leaves  were  harvested  and  their  mean  rubber  content  deter- 
mined. Each  leaf  was  measured  when  harvested,  and  the  mean 
green  weight  and  mean  dry  weight  were  determined  for  each  lot.  A 
similar  experiment  was  inaugurated  May  20,  1932. 

The  scope  of  these  tests  was  limited  by  the  supply  of  leaves  of 
known  age,  which  became  exhausted  on  February  18,  1932,  in  the 
first  test  and  on  October  3, 1932,  in  the  second  test.  The  results  of  the 
tests  that  were  started  September  22,  1931,  and  May  20,  1932,  respec- 
tively, are  shown  in  table  2. 

There  was  a  consistent  increase  in  the  rubber  content  of  the 
leaves  of  the  hybrid  Cryptostegia  between  the  ages  of  1  and  3% 
months.  Approximately  3%  months  were  required  for  leaves  to 
attain  their  maximum  rubber  content.  Leaves  between  the  ages  of 
3y2  and  5  months  failed  to  show  any  significant  increase  in  rubber 
content. 


Table  2. — Rubber  and  resin  pcreentages,  mean  green  and  dry  weights,  age  and 
dimensions  of  leaves  of  the  hybrid  Cryptostegia  harvested  on  the  stated  dates 
at  the  United  States  Plant  Introduction  Garden,  Coeonut  Grove,  Fla. 

LEAF  MATURITY  TEST  NO.  1  I 


Date  of  harvesting 


Oct.  15,  1931- 
Oct.  26,  1931- 
Nov.  6,  1931.  . 
Nov.  16,  1931. 
Nov.  27,  1931. 
Dec.  7,  1931.. 
Dec.  17,  1931. 
Dec.  29,  1931. 
Jan.  8,  1932... 
Jan.  18,  1932.. 
Jan.  28,  1932.. 
Feb.  8,  1932.. 
Feb.  18,  1932. 


Age  of  leaves 
harvested 


Months 


Days 
23 

4 

15 
25 

6 
16 
26 

8 
18 
28 

8 
19 
29 


Mean 

width 


Mm 

46.70 

51.84 

48.96 

50.24 

54.23 

48.88 

49.20 

50.22 

45.52 

46.92 

49.08 

48.15 

48.48 


Mean 
length 


Mm 
85.56 
96.88 
96.56 
96.36 

100.86 
95.48 
97.08 

106.52 
89.08 
95.28 
96.20 
94.22 
94.09 


Rubber 
content 


Percent 
0.71 

.78 


1.49 
1.87 
1.64 
1.80 
2.21 
2.04 
2.11 
1.97 
2.27 


Resin 

Mean  green 

content 

weight 

Percent 

Orams 

6.83 

0.88 

6.38 

1.18 

7.11 

1.00 

8.66 

1.32 

7.69 

1.48 

8.02 

1.33 

8.45 

1.52 

8.02 

1.40 

9.61 

1.16 

8.92 

1.08 

8.26 

1.20 

8.63 

1.36 

8.27 

1.36 

weight 


Gram 


0.16 
.26 
.24 
.28 
.36 
.36 
.40 
.28 
.32 
.28 
.32 
.40 
.32 


LEAF  MATURITY  TEST  NO.  2  i 


June  18,  1932. 
June  29,  1932. 
July  9,  1932... 
July  19,  1932.. 
July  29,  1932.. 
Aug.  9,  1932. . 
Aug.  19,  1932. 
Sept.  1,  1932.. 
Sept.  10,  1932. 
Sept.  22,  1932. 
Oct.  3,  1932... 


48.92 
48.12 
45.72 
48.84 
48.40 
50.96 
49.92 
52.56 
49.20 
50.44 
50.16 


91.40 
91.52 
91.80 
94.12 
95.56 
103.  08 
96.96 
98.60 
94.12 
95.44 
97.00 


0.59 
.68 
1.15 
1.69 
2.18 
2.62 
2.89 
3.59 
3.68 
3.61 
3.63 


7.08 
7.42 
8.49 
10.21 
9.35 
10.62 
10.25 
8.89 
9.76 
9.32 
9.76 


1.00 
1.00 
.96 
1.08 
1.12 
1.20 
1.16 
1.32 
1.20 
1.20 
1.24 


0.20 
.24 
.16 
.24 
.28 
.32 
.28 
.36 
.36 
.32 


i  Leaves  used  in  this  test  were  from  1  to  3  days  old  at  time  of  tagging.    The  age  of  leaves  shown  in  the 
table  was  calculated  from  time  of  tagging. 

Leaf  size  is  apparently  no  index  of  rubber  content,  as  it  was  found 
that  the  leaves  had  attained  their  full  size  at  the  end  of  the  first 
month.  There  was,  however,  a  consistent  increase  in  both  green  and 
dry  weight  during  the  period  when  the  leaves  were  increasing  in 
rubber  content. 

The  tests  just  described  are  valuable  only  in  determining  the 
changes  in  rubber  content  due  chiefly  to  differences  in  the  age  of  the 
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leaf,  and  are  unfortunately  confined  to  comparatively  short  periods. 
Data  are  available,  however,  which  show  the  variation  in  the  rubber 
content  of  the  leaves  of  the  hybrid  plants  from  month  to  month  for 
the  2-year  period  from  August  1930  to  July  1932,  inclusive.  A  sample 
consisting  of  approximately  50  mature  leaves  was  taken  from  each 
of  20  typical  hybrid  plants  on  the  same  date  each  month.    No  attempt 
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Figure  2. — A,  Mean  percentage  of  rubber  in  mature,  dried  leaves  of  20  hybrid  Grypto- 
stegia  plants  analyzed  at  monthly  intervals  during  the  2-year  period  August  1930 
to  July  1932,  inclusive.  B,  Monthly  mean  maximum  and  monthly  mean  minimum  tem- 
peratures for  the  2-year  period  August  1930  to  July  1932,  inclusive.  The  maximum 
is  represented  by  a  solid  line ;  the  minimum  by  a  dotted  line.  G,  Monthly  raintall 
at  the  United  States  Plant  Introduction  Garden,  Coconut  Grove,  Fla.,  for  the  2-year 
period  August  1930  to  July  1932,  inclusive.  (Note. — Plants  not  analyzed  in  April 
1931  nor  in  March  or  April  1932,  owing  to  immaturity  of  the  leaves.) 

was  made  to  keep  a  record  of  the  age  of  leaves  used,  but  in  every 
case  the  most  mature  leaves  available  each  month  were  utilized. 

The  data  obtained  are  shown  graphically  in  figure  2,  which  shows 
also  the  monthly  mean  maximum  and  minimum  temperatures  and 
the  monthly  rainfall  for  the  same  period. 

Starting  in  August  1930  with  a  mean  rubber  percentage  of  3.82, 
the  trend  of  the  curve  was  definitely  upward  with  a  marked  increase 
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to  4.49  percent  in  September.  The  rubber  content  in  October  was 
not  significantly  different  from  that  of  September,  but  in  the  follow- 
ing month,  November,  the  maximum  for  the  1930-31  growth  cycle 
was  attained.  Then  followed  a  period  of  recession  in  rubber  content 
which  became  more  pronounced  with  colder  weather  until  April, 
when  the  plants  were  completely  defoliated  and  no  material  was 
available  for  analysis. 

The  analyses  were  resumed  in  May  with  leaf  material  a  month  or 
less  in  age,  and  the  rubber  content  was  very  low.  From  this  point 
the  curve  moved  sharply  upward  through  the  months  of  June,  July, 
and  August,  and  more  gradually  upward  in  September  and  October. 
There  was  a  noticeable  drop  in  November,  possibly  because  of  lower 
temperature  and  lack  of  moisture.  The  maximum  for  the  cycle  was 
reached  in  December.  A  recession  in  rubber  content,  similar  to  that 
of  the  preceding  year,  characterized  the  months  of  January  and  Feb- 
ruary, but  defoliation  took  place  somewhat  earlier  in  1932  than  in 
1931,  and  there  were  2  months  when  no  material  was  available  for 
analysis. 

The  rise  in  rubber  content  between  May  and  July  1932  was  not 
so  abrupt  as  that  of  the  corresponding  period  in  1931,  but  a  definite 
increase  at  this  stage  of  growth  was  evident. 

From  these  data  it  may  be  concluded  that  the  leaves  of  the  hybrid 
Cryptostegia  under  southern  Florida  conditions  are  relatively  low 
in  rubber  content  during  the  spring  and  summer  months  when 
they  are  more  or  less  immature,  but  as  the  season  advances  the 
rubber  content  rises  consistently,  reaching  its  maximum  in  November 
or  December. 

No  attempt  has  been  made  to  calculate  the  correlation  between  the 
seasonal  changes  in  temperature  and  rainfall  and  the  rubber  content, 
but  it  is  probable  that  the  low  temperatures  and  deficiency  of  moisture 
during  the  winter  tend  to  lower  plant  vitality  and  cause  leaf  shed- 
ding in  early  spring,  as  described  above,  and  that  the  warmer  weather 
and  more  ample  rainfall  typical  of  the  late  spring  and  summer  months 
promote  more  vigorous  growth. 

INDIVIDUAL  PLANT  VARIATION  IN  RUBBER  CONTENT 

The  inheritance  of  rubber-producing  capacity  in  the  Hevea  tree 
has  been  studied  in  the  East  Indies,  but  no  similar  studies  have  been 
made  of  other  rubber-producing  plants.  It  has  been  found  that 
Hevea  trees  grown  from  unselected  seed  vary  widely  in  rubber  pro- 
duction, in  some  cases  as  few  as  25  percent  of  the  trees  on  a  plantation 
producing  75  percent  of  the  total  rubber  crop.  With  Hevea  it  has 
been  demonstrated  that  the  relative  yield  of  a  tree  determined  at 
any  time  can  be  used  as  an  index  of  its  relative  yield  at  any  other 
time.  Relatively  high-yielding  trees  remain  relatively  high  pro- 
ducers throughout  their  lives. 

As  stated  above,  the  hybrid  Cryptostegia  progeny  at  the  plant 
introduction  garden  has  exhibited  comparative  uniformity  of  vegeta- 
tive characters,  hence  if  the  rubber  content  were  correlated  with 
external  plant  characters  the  expectation  of  difference  in  rubber 
content  between  individuals  would  be  very  slight.  Differences  in 
soil  and  exposure  would  be  expected  to  influence  individual  plant 
yields,  irrespective  of  inherited  rubber-yielding  capacity. 
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In  order  to  facilitate  observation  of  plant  characters  and  to  provide 
material  for  individual  rubber-content  comparisons,  151  plants  of 
the  hybrid  population  were  transplanted  April  1,  1931,  to  an  area 
where  soil  and  exposure  were  relatively  uniform.  They  were  set  in 
rows  8  feet  apart  and  6  feet  apart  in  the  rows.  By  June  1931  there 
was  sufficient  leaf  material  to  warrant  starting  a  series  of  analyses 
to  determine  the  variation  of  the  rubber  content  of  the  individual 
plants. 

Because  of  the  limited  capacity  of  the  laboratory  equipment,  it 
was  necessary  to  restrict  the  number  of  plants  used  in  this  series  of 
tests.  Two  blocks,  of  12  plants  each,  were  selected,  block  1  con- 
sisting of  four  numbered  plants,  11,  12,  13,  and  14,  in  each  of  the 
three  rows,  A,  B,  and  C ;  and  block  2  consisting  of  plants  numbered 
1,  2,  3,  and  4,  in  rows  E,  F,  and  G.  Approximately  50  mature  leaves 
were  harvested  from  each  plant  at  monthly  intervals  and  analyzed. 
This  series  of  tests  was  carried  on  from  June  1931  to  May  1932, 
inclusive,  with  the  exception  of  April  1932,  when  it  was  impossible 
to  sample  the  plants  because  of  defoliation. 

As  a  check  on  the  selection  of  the  two  blocks  to  represent  the  entire 
area,  and  to  obtain  a  more  comprehensive  measure  of  the  range  of 
individual  variation,  a  leaf  sample  from  each  of  the  151  plants  in 
the  area  was  analyzed  in  September  1932. 

The  rubber  content  of  the  monthly  samples  from  blocks  1  and  2, 
together  with  the  mean  rubber  content  for  each  plant  for  the  entire 
period,  is  given  in  table  3.  Table  4  shows  the  rubber  content  of 
individual  samples  collected  in  September  1932  from  each  plant  in 
the  entire  area. 

Table  3. — Rubber  content  in  percentage  of  the  dry  weight  of  leaves  of  24 
selected  hybrid  Cryptostegia  plants  harvested  in  stated  months  during  1931 
and  1932  at  the  United  States  Plant  Introduction  Garden,  Coconut  Grove,  Fla. 


Block  and  plant  no. 

Harvested  during  1931 

Harvested  during  1932  > 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

May 

Mean 

Block  1: 

A-ll 

3.43 

4.07 

5.33 

4.01 

4.28 

4.61 

4.61 

4.94 

5.46 

4.20 

0.69 

4.148 

A-12 

2.11 
2.61 

4.54 
3.77 

4.88 
5.22 

5.80 
5.31 

5.24 
4.97 

3.66 
4.61 

4.57 
5.79 

5.17 
6.09 

5.54 
5.36 

3.93 
4.94 

.64 
.62 

4.189 

A-13 

4.481 

A-14         

2.73 

2.75 

4.13 
4.20 

4.75 
5.64 

5.91 
5.43 

4.58 
4.85 

5.02 
5.02 

5.33 

4.83 

5.77 
4.62 

6.24 

5.08 

4.83 
4.25 

.70 

.87 

4.  545 

B-ll 

4.322 

B-12 

2.65 

3.38 

4.02 

5.31 

4.51 

3.08 

4.93 

4.90 

4.68 

4.99 

.70 

3.923 

B-13 

2.50 

3,  77 

4.35 

6.18 

4.74 

4.85 

5.41 

5.98 

6.01 

4.60 

.77 

4.  469 

B-14 - 

2.25 

3.71 

4.60 

6.63 

5.76 

5.83 

4.93 

6.72 

5.95 

6.09 

-.74 

1.837 

C-ll 

2.30 

3.72 

4.61 

3.28 

4.91 

3.32 

3.91 

4.26 

4.18 

4.50 

.74 

3.612 

C-12... 

1.84 

3.29 

3.72 

4.21 

4.26 

4.26 

4.98 

5.00 

5.52 

4.50 

.96 

3.867 

C-13... 

1.91 

2.82 

4.49 

3.83 

4.50 

4.81 

4.38 

5.32 

4.55 

3.91 

.58 

3.736 

C-14 

2.02 

3.11 

4.30 

4.74 

4.28 

3.93 

4.13 

4.99 

5.17 

5.05 

.62 

3.849 

Block  2: 

E-l 

2.33 

2.59 

4.87 

7.04 

5.09 

4.15 

4.88 

4.83 

6.21 

4.54 

.68 

4.292 

E-2_. --.- 

2.69 

3.35 

4.72 

4.29 

5.58 

4.20 

4.77 

3.98 

4.75 

3.48 

.81 

3.875 

E-3 

2.60 

3.41 

3.60 

3.62 

3.57 

3.93 

4.52 

4.62 

4.65 

3.65 

1.23 

3.582 

E-4     

2.71 
2.49 

2.77 
2.53 

4.63 
4.60 

6.39 
6.51 

5.67 
4.96 

4.14 
4.62 

4.75 
5.39 

4.33 
5.18 

4.10 
5.85 

3.81 

4.84 

1.01 
.80 

4.028 

F-l... 

4.343 

F-2 

2.28 

3.55 

4.23 

5.45 

5.17 

4.01 

5.23 

4.01 

4.08 

4.80 

.72 

3.957 

F-3 

1.94 

3.06 

4.28 

5.50 

4.80 

3.23 

4.00 

5.47 

5.35 

4.02 

.82 

3.861 

F-A 

2.81 
2.47 

2.83 
4.02 

3.96 
4.56 

6.12 
6.47 

5.21 
5.42 

3.56 
6.04 

3.77 
6.19 

4.54 
5.85 

4.96 
4.95 

3.74 
4.71 

.70 
.67* 

3.836 

G-l 

4.668 

0-2...- 

2.25 
2.18 

3.45 
2.91 

4.22 
3.79 

5.56 
4.11 

5.93 
3.49 

3.46 
3.49 

4.71 
3.60 

5.82 
4.38 

5.75 
5.05 

4.53 
3.47 

1.27 
.53 

4.268 

G-3... 

3.364 

G-4 

2.74 

3.73 

4.41 

4.84 

3.96 

3.43 

3.67 

5.26 

4.53 

3.24 

.86 

3.697 

1  No  analysis  was  made  in  April  1932. 
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Table  4. — Rubber  content  in  percentage  of  dry  weight  of  leaves  harvested  from 
151  hybrid  Cryptostegia  plants  in  September  1932  at  the  United  States  Pkint 
Introduction  Garden,  Coconut  Grove,  Fla. 


Rubber  content  of  plants  in  row— 

Plant  no.  « 

A 

B 

C 

D 

E 

F 

G 

II 

I 

17 

2.56 

3.67 

3.42 

2  3.13 

2  2.31 

2  2.59 

2  3.19 

2.83 

3.50 

3.67 

4.78 

4.29 

4.64 

5.12 

3.72 

4.45 

4.87 

3.79 

3.68 

3.03 

2  3.75 

2  3.50 

2  3.21 

2  3.00 

3.44 

3.33 

3.03 

3.55 

4.01 

4.26 

3.55 

3.31 

2.90 

4.25 

4.04 

3.24 

4.10 

2  3.34 

2  2.59 

2  3.54 

2  2.87 

3.44 

3.70 

3.49 

4.16 

3.97 

3.58 

2.96 

3.30 

3.35 

3.36 

4.30 
4.05 
3.02 
4.11 
3.41 
4.19 
2.91 
4.23 
3.62 
3.82 
3.87 
4.08 
5.16 
3.82 
3.60 
3.88 
3.13 

3.95 

3.98 

3.97 

4.09 

4.24 

3.94 

3.73 

4.08 

3.82 

4.37 

4.12 

3.81 

3.75 

2  3.58 

2  3.66 

2  3.79 

M.32 

3.84 

4.07 

4.39 

4.16 

3.69 

3.92 

4.32 

4.32 

3.72 

5.09 

4.24 

4.54 

4.26 

2  4.09 

2  3.65 

2  3.21 

2  4.  06 

4.06 

3.72 

3.74 

4.19 

3.28 

4.03 

3.77 

3.74 

3.04 

3.43 

3.91 

4.59 

3.79 

2  3.50 

2  3.43 

23.28 

23.54 

3.49 
3.56 
3.63 
3.44 
3.47 
3.46 
3.30 
3.52 
3.40 
4.03 
5.57 
4.07 
3.52 
3.62 
4.15 
3.55 
4.00 

2.68 

16            

3.37 

15 . 

2.70 

14           

2.81 

13 

3.12 

12         

4.25 

11 

3.41 

10 

3.84 

9 

3.21 

8           

4.10 

7                

3.08 

6             

3.02 

5  .       

3.25 

4 - 

3.17 

3             

3.87 

2           

1                               

1  The  plants  are  shown  in  the  order  in  which  they  were  growing  in  the  field. 

2  A  sample  from  each  of  these  24  plants  was  gathered  and  analyzed  each  month. 

Coefficients  of  correlation  of  the  rubber  content  of  the  individual 
plants  in  each  month,  with  the  rubber  content  of  the  same  plants  in 
each  other  month,  were  calculated  and  are  shown  in  table  5.  Except 
when  the  rubber  content  is  high  the  correlations  are  very  low,  indi- 
cating that  selection  for  rubber  production  can  be  done  only  during 
periods  of  high  rubber  content. 

Table  5. — Intermonthly  co?-relations  of  rubber  content  of  24  selected  hybrid 
Cryptostegia  plants  for  stated  months  in  1931  and  1932  at  the  United  States 
Plant  Introduction  Garden,  Coconut  Grove,  Fla. 


Month 

Correlations  of  monthly  rubber  content 

July 

August 

September 

October 

November 

June 

0.  279±0. 130 

0. 375±0. 121 
.445=fc  .113 

0. 060±0. 140 

-0. 72±  .  140 

.  225±  .  133 

-0. 009±0. 141 
.  056±  .  140 
.  356±  .  123 
.  594=fc  .  091 

0. 136±0. 138 
.  284±  .  129 
.  423±  .  115 
.  346±  .  124 

July 

August 

September 

October _. 

November 

December 

January 

February.. 

March 

Correlations  of  monthly  rubber  content 

December 

January 

February 

March 

May 

June 

0. 130±0. 138 
.  284±  .  129 
.  322±  .  126 
.  470=b  . 110 
.  391db  . 119 
.  673=b  .  077 

-0. 131±0. 138 
.  290±  .  129 
.  154±  .  137 
.410±  .117 
.  194±  .  135 
.  503±  .  105 
.  413=1=  .117 

-0. 044±0. 140 
.  112±  .  139 
.  219±  .  134 
.761±  .059 
.  114±  .  139 
.  340±  .  124 
.  324±  .  126 
.  633±  .  084 

-0. 155±0. 137 
.  156±  .  137 
.  172±  .  136 
.410±  .117 
.  348±  .  124 
.  384±  .  120 
.  511±  .  104 
.  556±  .  097 
.  431±  .  114 

0. 077=bO.  140 
-.  031±  .  140 
-.  233±  .  133 
-.  053±  .  140 
.  139±  .  138 
-. 173=b  .  136 
-. 212=b  .  134 
-.  024±  .  140 
-.  043±  .  140 
-. 155=b  .  137 

July 

August . 

September 

October. 

November 

December 

January 

February 

March 

■ 
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After  defoliation  in  the  early  spring,  a  period  of  from  3  to  4 
months  is  required  before  the  rubber  content  of  the  leaves  reaches 
its  maximum.  During  this  period  of  leaf  growth  and  increasing 
rubber  content  the  correlation  of  rubber  content  with  succeeding 
months  is  very  low.  As  the  rubber  content  increases  and  approaches 
its  maximum,  the  intermonthly  correlations  increase. 

Since  the  intermonthly  correlations  are  so  low,  there  is  consider- 
able question  as  to  their  significance.  Any  effect  due  to  the  location 
of  the  individual  plants  should  be  manifested  by  a  larger  correla- 
tion. To  determine  whether  there  was  any  consistent  difference 
which  might  be  ascribed  to  variation  in  soil  conditions  or  other  place 
effect,  the  correlation  between  the  rubber  content  of  each  individual 
plant  and  that  of  the  adjacent  plants  of  higher  serial  number  was 
calculated.  By  this  method  a  measure  was  obtained  of  the  tend- 
ency of  adjacent  plants  to  have  similar  rubber  contents.  A  high 
correlation  would  indicate  that  there  was  a  distinct  place  effect  in  the 
field  with  a  strong  tendency  for  adjacent  plants  to  produce  equally. 
A  low  correlation  would  indicate  that  there  was  no  general  tendency 
toward  the  grouping  of  plants  on  the  basis  of  rubber  content. 

The  correlation  was  found  to  be  0.280  ±0.027;  very  low,  but  pos- 
sibly indicating  slight  place  effects  in  the  field  as  a  whole.  Such 
a  small  correlation  probably  indicates  a  spotting  effect  in  the  field, 
rather  than  a  progressive  place  effect,  that  scarcely  would  affect  the 
intermonthly  correlations  of  the  rubber  contents  of  the  selected 
plants. 

A  further  estimate  of  the  effect  of  location  on  the  relative  rubber 
content  of  the  plants  in  this  area  was  obtained  by  dividing  the  plot 
lengthwise  into  four  2-row  blocks  and  one  1-row  block.  The  mean 
rubber  content  of  the  leaves  of  the  individual  plants  in  each  block 
in  September  1932  was  compared  with  the  mean  of  each  of  the  other 
blocks.  This  comparison  is  shown  in  figure  3.  From  this  figure  it 
will  be  seen  that  differences  between  blocks  were  3  or  more  times 
their  probable  errors  in  6  of  the  10  comparisons. 


B 

C 

D 

E 

0.056±0.095 
0.589 

0.425  ±0.0S4 
5.060 

0.132  ±0.095 
1.389 

0.273±0.114 
2.395 

B 

0.369  ±0.063 

5.857 

0.076  ±0.077 
0.987 

0.329±0.100 
3.29 

C 

0.293  ±0.063 
4.651 

0.698  ±0.089 

7.843 

D 

0.405±0.100 
4.05 

Figure  3. — Differences  between  each  2-row  block  and  every  other  2-row  block  in  moan 
rubber  content  of  leaves  of  hybrid  Cryptostegia  plants.  These  differences  are  based 
on  the  results  of  an  analysis  made  in  September  1932.  The  lower  figure  in  each  block 
is  the  difference  divided  by  its  probable  error. 
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The  plants  in  block  C,  constituting  the  inside  rows  of  the  area, 
being  protected  by  4  rows  on  one  side  and  3  rows  on  the  other  side, 
had  a  significantly  higher  mean  rubber  content  than  the  plants  in 
the  other  blocks.  The  rubber  contents  of  the  individual  plants  in 
block  C  also  were  much  more  uniform  than  those  of  the  plants  in 
anv  other  block.  The  coefficients  of  variability  were  found  to  be  as 
follows:  Block  A,  18.677±  1.528;  block  B,  13.597  +  1.142;  block  C, 
8.203  ±0.671;  block  D,  12.118  ±0.991;  block  E,  14.226  ±1.752.  The 
coefficient  of  variability  of  individual  rubber  content  of  all  plants 
in  the  entire  plot  was  14.559  ±0.565. 

The  coefficient  of  variability  of  the  24  plants  used  in  the  monthly 
individual  variation  tests  was  14.112  ±1.374,  that  of  block  1  being 
13.452  ±1.852  and  that  of  block  2  being  8.678  ±1.195.  Block  1  is 
included  in  blocks  A  and  B  of  the  lengthwise  division,  and  eight  of 
the  plants  of  block  2  are  in  block  C  of  the  lengthwise  division  of  the 
area.  The  rubber  contents  of  the  plants  in  block  1  were  comparable 
with  those  of  the  plants  in  the  entire  area  in  variability,  but  the 
plants  in  block  2  are  in  the  favorable  central  location  where  rubber 
contents  were  higher  and  more  uniform  in  September. 

Since  there  were  definite  place  effects  manifested  by  differences  in 
mean  rubber  content  between  plants  in  different  portions  of  the  area, 
and  since  the  intermonthly  correlations  of  rubber  content  were  small, 
it  appears  probable  that  the  differences  in  rubber  content  between 
the  individual  plants  should  be  considered  as  due  largely  to  effects 
of  soil  and  exposure  rather  than  to  differences  in  rubber-producing 
capacity.  The  fact  that  the  plants  near  the  center  of  the  field  had 
higher  rubber  content  and  lower  coefficient  of  variability  than  the 
plants  in  other  portions  of  the  area  would  indicate  that  "the  degree 
of  exposure  to  wind  may  affect  the  production  of  rubber  in  the 
leaves  of  Gryptostegia. 

NONRUBBER  CONSTITUENTS 

In  addition  to  the  rubber  in  Gryptostegia,  there  is  an  appreciable 
quantity  of  material  which  is  soluble  in  acetone  and  has  been  desig- 
nated "  resins."  This  material  consists  of  true  resins  and  small 
quantities  of  oils,  fats,  and  acetone-soluble  sugars.  The  resins  in 
Gryptostegia  have  not  been  identified,  and  nothing  is  known  of 
their  economic  value.  Similar  resins  obtained  in  purifying  Euphor- 
bia rubber  from  South-West  Africa  have  potential  value  in  the  man- 
ufacture of  paints  and  varnishes.  It  also  has  been  suggested  that 
these  resins  may  have  value  in  connection  with  the  manufacture  of 
soap.  Other  uses  possibly  could  be  found  if  such  a  byproduct  were 
available  in  quantity. 

Chemically  the  resins  are  closely  allied  to  rubber  and  are  found 
associated  in  all  rubber-bearing  plants.  The  evaluation  of  the 
quality  of  rubber  is  often  no  more  than  a  determination  of  the 
quantity  of  resins  associated  with  the  rubber  hydrocarbon  in  the 
crude  sample.  Hevea  rubber  has  from  1.8  to  6  percent  of  resins, 
according  to  the  manner  in  which  it  is  prepared,  while  pontianak  or 
jelutong,  the  product  of  species  of  Dyera  and  Alstonia  in  the  East 
Indies,  may  contain  from  70  to  80  percent  of  resins. 

The  method  of  analysis  employed  in  the  investigations  included 
the  determination  of  resin  content  as  well  as  rubber  content  of  all 
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material  tested.  The  record,  therefore,  includes  data  on  the  seasonal 
variation  in  resin  content,  resin  content  of  leaves  of  different  ages, 
and  variation  in  resin  content  among  individual  plants. 

These  data  indicated  that  resins  were  always  associated  with 
rubber  in  Cryptostegia,  but  that  the  proportion  0f  resins  to  rubber 
was  extremely  variable. 

The  figures  shown  in  table  2  indicate  that  a  very  high  resin  content 
is  found  in  comparatively  young  leaves.  Leaves  harvested  October 
15  at  the  age  of  23  days  contained  6.83  percent  of  resin,  or  within 
2.78  percent  of  the  maximum  found  during  a  series  of  tests  which 
included  leaves  up  to  5  months  of  age.  Leaves  harvested  June  18 
at  the  age  of  29  days  (table  2)  contained  7.08  percent  of  resin,  or 
within  3.54  percent  of  the  maximum  attained  during  a  series  of  tests 
which  included  leaves  up  to  4^2  months  of  age.  The  high  resin 
content  of  young  leaves  was  in  marked  contrast  to  the  rubber  content, 
which  was  almost  negligible  in  leaves  1  month  of  age.  The  rubber 
content  increased  gradually  with  age  and  reached  its  maximum  in 
leaves  approximately  3%  months  old,  while  the  resin  content  of 
month-old  leaves  was  comparatively  high  and  increased  very  little 
with  age. 

To  determine  the  correlation  between  the  resin  content  and  the 
rubber  content  of  the  hybrid,  the  data  gathered  in  the  test  of  the 
seasonal  variation  of  rubber  content  were  used.  In  this  test,  running 
from  August  1930  to  July  1932,  inclusive,  leaf  samples  of  20  plants 
were  gathered  monthly  and  analyzed.  It  was  found  that  there  was 
no  correlation  between  the  mean  rubber  content  and  the  mean  resin 
content  of  the  leaves  of  individual  plants  during  this  period,  the 
coefficient,  of  correlation  being  only  —0.078  ±0.154.  The  plants  were 
sampled  in  22  of  the  24  months  of  the  period. 

During  the  same  period  20  plants  of  Cryptostegia  grandiflora  also 
were  sampled.  Due  to  defoliation  at  certain  periods,  these  plants 
were  sampled  only  in  10  of  the  24  months.  In  these  10  months  the 
correlation  between  the  mean  rubber  content  and  the  mean  resin  con- 
tent of  the  individual  plants  was  found  to  be  0.609  ±0.097.  Twenty 
plants  of  C.  madagascariensis  also  were  sampled  and  tested  during  18 
months  of  the  same  period.  The  correlation  between  the  rubber 
content  and  the  resin  content  of  the  individual  plants  for  the  18 
months  was  found  to  be  0.692  ±0.081. 

The  significant  correlations  between  resin  and  rubber  content  of 
Cryptostegia  grandiflora  and  C  madagascariensis  indicated  a  strong 
tendency  for  high  rubber  content  to  be  associated  with  high  resin 
content  and  low  resin  with  low  rubber  in  these  two  species.  The 
lack  of  correlation  found  in  the  hybrid  plants  tested  indicated  an 
indiscriminate  association  of  resin  and  rubber,  with  no  regular  rela- 
tion of  quantity  or  proportion. 

In  addition  to  the  rubber  and  resins  there  is  an  appreciable  amount 
of  fiber  in  Cryptostegia  which  may  have  commercial  value.  This 
fiber  is  in  the  bark  and  possibly  could  be  separated  in  connection  with 
the  mechanical  extraction  of  the  rubber.  Jumelle  (6,  p.  351)  reports 
that  in  Madagascar  C.  madagascariensis  is  used  as  a  textile  plant. 
He  states: 

The  Malagasy  know  it  well  in  that  character.  In  Boina  and  the  Ambonga  the 
Sakalavas  use  chiefly  the  bast  to  make  string,  fish  lines,  and  thread.  In  the 
Southwest  the  Antandroy,  too,  use  it  in  the  manufacture  of  good  cords. 
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In  describing  the  method  by  which  the  fiber  is  obtained  from  the 
bark,  Jumelle  states  (6,  p.  351)  : 

The  Sakalava  method  of  preparing  this  bast  is  as  follows:  The  stems  are 
decorticated  by  hand ;  and  by  hand,  using  his  nails,  the  harvester  removes  from 
the  detached  bark,  which  is  neither  macerated  nor  beaten,  the  fibrous  bundles 
which  are  found  on  the  inside  (more  accurately,  in  the  pericycle  entwined  in 
the  bark),  and  which  are  easily  seen  by  reason  of  their  whiteness  and  their 
spacing. 

In  regard  to  quality,  Jumelle  states  that  while  the  fiber  from 
Cryptostegia  madag as carte nsis  is  inferior  to  hemp,  it  is  superior  to 
other  types  of  native  fiber  which  have  been  compared  favorably  with 
jute. 

Among  the  natives  of  Madagascar,  C.  madagascariensis  is  con- 
sidered poisonous.     Jumelle  states  (6,  p.  355)  : 

In  Androy,  according  to  M.  le  Commandant  Vacher,  the  Antandroy,  before 
they  had  any  suspicion  that  the  latex  might  produce  rubber,  were  already 
making  use  of  the  plant  as  a  means  of  committing  suicide  or  of  ridding  them- 
selves of  their  enemies.  M.  Perrier  de  la  Bathie  tells  us,  however,  that  the 
poison  cannot  be  a  very  virulent  one,  for  in  Boina  the  Sakalavas  prepare 
decoctions  of  the  roots  as  a  remedy  against  chronic  blennorrhagias. 

Possibly,  therefore,  further  search  for  material  of  byproduct  value 
may  bring  to  light  a  drug  with  pharmaceutical  value. 

CULTURE  AND  PROPAGATION 

Cryptostegia  has  proved  well  adapted  to  a  variety  of  soils  in 
southern  Florida,  although  its  younger  growth  is  sometimes  injured 
by  low  temperature  and  strong  winds  during  the  winter.  Instances 
are  known  when  stems  of  plants  in  exposed  conditions  were  killed 
back  to  within  a  few  inches  of  the  ground  by  abnormally  low  tem- 
peratures of  20°  F.,  but  it  has  been  cultivated  successfully  as  an 
ornamental  in  the  Miami  section  for  many  years.  Its  moisture 
requirements  are  not  excessive,  and  while  growth  is  checked  to  some 
extent  by  the  deficiency  of  rainfall  during  the  winter  months,  it 
apparently  suffers  little  from  this  cause.  Notable  resistance  to 
drought  has  been  recognized  in  C.  grandi  flora  in  northwestern 
Mexico. 

In  southern  Florida  defoliation  normally  takes  place  in  March  or 
April,  but  seasonal  conditions  sometimes  cause  a  complete  defoliation 
as  early  as  December  or  January.  Also,  the  length  of  the  defoliation 
period  is  affected  by  weather  conditions. 

Cryptostegia  grandi 'flora,  C.  madagascariensis,  and  the  hybrid  all 
produce  abundant  crops  of  viable  seed.  However,  the  hybrid  does 
not  come  true  to  type  from  seed,  and  several  methods  of  vegetative 
propagation  have  been  tested. 

Hardwood  cuttings  have  been  rooted,  but  although  the  cuttings 
have  been  tried  in  several  different  mediums  and  have  been  given 
varying  amounts  of  water  and  heat,  it  never  has  been  possible  to  root 
more  than  a  small  percentage  of  them.  It  was  found,  too.  that 
plants  grown  from  cuttings  usually  lacked  vigor  and  seldom  devel- 
oped normally. 

Marcottage,  or  air-layering  (pis.  8  and  9),  has  given  much  more 
satisfactory  results  in  the  vegetative  propagation  of  the  Cryptostegia 
hybrid.     As  many  as  15  or  20  marcots  have  been  placed  on  a  large 
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mature  plant  at  one  time,  and  the  new  plants  produced  in  this 
way  were  larger  and  more  vigorous  than  those  grown  from  cuttings. 
If  properly  handled,  the  cutting-back  incidental  to  marcotting  is 
not  injurious  to  the  parent  plant. 

The  method  of  marcotting  Cryptostegia  is  to  remove  a  ring  of 
bark  1  to  2  inches  in  width  and  thick  enough  to  reach  the  cambium 
layer  from  just  below  a  node  of  a  well-matured  branch.  This  in- 
cision is  then  surrounded  by  a  mixture  of  sand,  peat,  and  sphagnum 
moss  which  is  held  in  place  on  the  branch  in  a  specially  designed 
cardboard  marcot  box,  developed  by  Eugene  V.  May  and  Robert  J. 
Bullen,  of  the  Division  of  Fruit  and  Vegetable  Crops  and  Diseases, 
Bureau  of  Plant  Industry,  United  States  Department  of  Agricul- 
ture.3 The  marcot  is  kept  moist  at  all  times.  It  is  examined  occa- 
sionally to  ascertain  the  state  of  root  development,  and  the  new 
individual  is  removed  from  the  parent  plant  as  soon  as  a  good 
root  system  has  formed. 

After  removal  from  the  parent  the  young  plants  are  placed  in 
large  pots  or  boxes  for  a  few  weeks,  and,  as  soon  as  they  are  well 
established,  they  are  set  out  in  field  plantings.  Plants  propagated 
in  this  way  compare  favorably  with  their  parents  in  vegetative 
vigor  and  rubber  content,  and  marcottage  may  be  considered  a 
successful  method  of  increasing  stocks  of  high-yielding  hybrids. 

By  this  means  it  will  be  possible  to  obtain  a  sufficient  number  of 
plants  of  identical  parentage  to  extend .  the  present  plantings  and 
evaluate  the  effects  of  exposure  and  soil  conditions  on  the  production 
of  rubber.  Also  by  using  marcots  from  plants  of  differing  parent- 
age it  will  be  possible  to  estimate  more  accurately  the  relative 
effects  of  heredity  and  of  the  environmental  factors  on  the  produc- 
tion of  rubber  as  a  basis  for  the  selection  of  clones  or  strains  with 
high-rubber  producing  capacity. 

SUMMARY 

Two  species  of  the  genus  Cryptostegia  which  were  formerly  uti- 
lized as  sources  of  rubber  by  the  natives  of  Madagascar  and  India 
have  been  introduced  as  ornamentals  into  tropical  America,  including 
the  West  Indies,  Mexico,  and  the  warmer  districts  of  California, 
Arizona,  and  Florida.  The  range  of  adaptation  and  comparatively 
high  rubber  content  of  these  plants  has  led  to  consideration  of  their 
commercial  possibilities. 

Confusion  has  existed  in  the  nomenclature  of  the  two  recognized 
species  of  Cryptostegia — C.  grandiflora  R.  Brown  and  C.  madagas- 
cariensis  Bojer. 

A  natural  hybrid,  Cryptostegia  madagascariensis  X  C.  grandi- 
flora, has  been  studied  at  the  United  States  Plant  Introduction 
Garden  at  Coconut  Grove,  Fla.,  since  1927.  This  hybrid  shows 
characteristics  of  both  of  the  parent  species,  being  more  nearly  like 
C.  grandiflora  in  habit  of  growth,  stem  color  and  texture,  internode 
length,  corolla  size,  convergence  of  corolla  appendages,  and  leaf 
size,  but  very  similar  to  C.  madagascariensis  in  regard  to  number 
and  size  of  lenticels,  leaf  color  and  texture,  petiole  color,  and  shape 
of  seed  pod.    In  corolla  color,  node  size,  depth  of  division  of  corolla 
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PLATE  8 


SECTION    OF   A    MARCOT    BOX. 

Half  of  marcot  box  removed  showing  the  root  development  of  a  hybrid  Cryptostegia  marcot. 
has  been  removed  from  the  plant  and  is  ready  for  potting. 
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Marcot  Boxes  in  place  on  the  Branches  of  a  Mature  Hybrid 
Cryptostegia  Plant. 
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appendages,  translator  shape,  and  petiole  length  the  hybrid  is  inter- 
mediate between  the  parental  types. 

In  a  series  of  tests  comparing  the  rubber  content  of  composite 
samples  of  leaves  taken  from  the  hybrid  plants  with  that  of  similar 
samples  of  the  leaves  of  the  parent  species,  the  rubber  content  of  the 
hybrid  has  been  consistently  higher  than  in  either  of  the  two  species. 
In  these  tests  the  maximum  rubber  content  found  in  any  composite 
leaf  sample  of  Cryptostegia  grandiflora  was  3.13  percent,  while  for 
C .  madagascariensis  it  was  2.94  percent,  and  for  the  hybrid  5.97 
percent. 

The  highest  leaf  rubber  content  in  any  individual  plant  of  C. 
grandiflora  was  3.34  percent;  in  C.  madagascariensis,  3.14  percent; 
and  in  the  hybrid,  8.60  percent. 

A  series  of  analyses  made  at  monthly  intervals  over  a  period  of  2 
years  established  the  fact  that  there  was  a  significant  seasonal  varia- 
tion in  the  rubber  content  of  both  species  of  Cryptostegia  and  of  the 
hybrid,  the  rate  of  rubber  production  in  the  leaves  being  greatest 
during  the  period  of  maximum  vegetative  growth. 

The  rubber  content  of  the  leaves  of  hybrid  Cryptostegia  plants 
was  found  to  increase  in  direct  proportion  to  leaf  maturity,  the  maxi- 
mum being  attained  when  the  leaves  were  about  3%  months  of  age. 

No  significant  differences  were  found  in  the  individual  rubber- 
yielding  capacity  to  the  hybrid  plants,  but  soil  conditions  and  ex- 
posure affected  the  relative  rubber  production  in  the  leaves  of  the 
individual  plants. 

In  addition  to  the  rubber  in  Cryptostegia-,  the  byproduct  value  of 
the  resins  and  fiber  may  be  worthy  of  consideration.  Resin  content 
was  found  to  be  proportionate  to  rubber  content  in  the  leaves  of  C. 
madagascariensis  and  C.  grandiflora,  but  there  was  apparently  no 
correlation  between  the  rubber  and  resin  content  of  the  hybrid. 

The  hybrid  Cryptostegia  does  not  come  true  to  type  when  grown 
from  seed,  but  marcottage,  or  air-layering,  has  proved  to  be  a  satis- 
factory method  of  vegetative  propagation. 

Plantings  of  marcots  are  planned  to  give  a  basis  for  evaluating  the 
effect  in  exposure  and  soil  conditions  on  the  production  of  rubber  in 
Cryptostegia  and  to  estimate  the  relative  effects  of  heredity  and  of 
environmental  factors  on  the  rubber  content. 
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INTRODUCTION 

The  adult  nematodes  parasitic  in  the  lungs  of  swine  comprise  2 
closely  related  genera,  Metastrongylus  and  Choerostrongylus,  and 
3  species,  namely,  M.  elongatus,  M.  salmi,  and  C.  pudendotectus. 
These  nematodes  belong  to  the  family  Metastrongylidae,  the  mem- 
bers of  which,  so  far  as  is  known,  are  parasitic  in  the  respiratory 
and  circulatory  systems  of  mammals.  The  metastrongyles  which 
parasitize  domesticated  animals  are  of  considerable  medical  interest, 
and  of  unquestionable  economic  importance.  They  present  for  solu- 
tion problems  in  livestock  sanitation  which  must  await  the  results 
of  further  investigations  elucidating  the  life  histories  of  the  species 
concerned.  Rational  control  measures  for  these,  as  well  as  for  all 
other  zooparasites,  must  be  based  on  precise  information  regarding 
essential  facts  in  the  life  histories.  Such  information  for  swine 
lungworms  is  presented  in  this  bulletin. 

76438°— 35 1  .  1 
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REVIEW  OF  WORK  OF  PREVIOUS  INVESTIGATORS 

Up  to  1929  little  was  known  of  the  life  history  of  the  species  of 
lungworms  which  occur  in  domestic  swine.  Leuckart  (8,  v.  2)1 
in  1876  expressed  the  opinion  that  the  species  of  swine  lungworm 
now  known  as  M  etastrongylus  elongatus  was  a  heteroxenous  nema- 
tode, having  its  intermediate  stage  in  an  invertebrate,  probably  an 
insect  or  a  snail.  According  to  Alessandrini  (1,  p.  4-79),  Cobbold 
shared  Leuckart's  view  with  regard  to  the  heteroxenous  nature  of 
swine  lungworms  and  considered  earthworms  as  the  probable  inter- 
mediate hosts.  The  following  is  a  rather  free  translation  of  the 
statement  made  by  Alessandrini. 

If  the  supposition  of  Cobbold  can  be  confirmed,  the  life  cycle  would  be  very 
simple;  the  eggs  and  larvae  that  are  eliminated  while  the  sick  animals  are 
coughing,  would  reach  the  ground,  where  they  would  be  engulfed  by  earth- 
worms. In  the  stomach,  intestine,  or  tissues  of  these  worms  the  larvae  would 
continue  their  development  and,  eliminated  to  the  outside  with  the  excreta  of 
earthworms,  could  infest  other  animals. 

However,  neither  Leuckart  nor  Cobbold  presented  proof  to  sub- 
stantiate his  hypothesis.  Work  carried  out  in  the  Zoological  Divi- 
sion of  this  Bureau  by  Ransom,  as  reported  by  Mohler  in  1920 
{11),  and  by  Schwartz  -in  l(n4»-  independently  of  each  other, 
showed  fairly  conclusively  that  lungworms  failed  to  develop  in 
swine  when  the  embryonated  eggs  or  the  larvae  which  hatch  in 
vitro  from  the  eggs  taken  from  the  uterus  were  administered  to 
presumably  susceptible  pigs,  observations  which  were  confirmed 
later  by  Hobmaier  and  Hobmaier  (5).  These  results  pointed  to  the 
likelihood  of  an  intermediate  host  being  involved  in  the  life  cycle 
of  these  parasites. 

Von  Linden  and  Zenneck  (9)  in  1915  and  Zebrowski  (IS,  16) 
in  1922  and  1925  reported  that  swine  lungworms  had  a  life  cycle 
which  did  not  involve  an  intermediate  host.  Von  Linden  and  Zen- 
neck investigated  the  life  histories  of  several  species  of  lungworms, 
including  one  of  the  species  which  occurs  in  swine,  this  species  being 
designated  by  these  investigators  as  Strongylus  paradoxus,  a  name 
which  is  now  regarded  as  a  synonym  of  M  etastrongylus  elongatus. 
Whether  these  investigators  actually  worked  with  M.  elongatus 
or  with  one  of  the  other  species  of  swine  lungworms,  or  with 
a  mixture  of  species,  cannot  be  determined  from  data  given 
in  their  paper.  They  report,  however,  that  the  eggs  and  larvae  of 
lungworms  obtained  from  wild  hogs  developed  in  sterilized  soil  into 
free-living  individuals  showing  sex  differentiation,  and  that  these 
maintained  themselves  as  tree-living  nematodes  for  several 
generations. 

An  examination  of  Von  Linden  and  Zenneck's  illustrations  shows 
that  whereas  those  of  the  egg  and  first-stage  larva  are  unquestionably 
figures  of  a  species  of  swine  lungworm,  those  of  the  supposed  free- 
living  generation  are  figures  of  nematodes  not  known  to  be  parasitic 
in  animals  and  involve  apparently  more  than  one  species ;  one  of  the 
species  in  question  appears  to  belong  to  the  genus  Rhabditis. 

It  is  clear  that  Zebrowski  also  was  dealing  at  least  in  part  with 
larvae  of  free-living  nematodes,  a  supposition  well  supported  by  an 


1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  40. 

2  Unpublished  data. 
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examination  of  his  figures  and  by  his  account  of  the  free-living  stages 
of  the  supposed  parasites.  It  is  interesting  to  note,  however,  that 
Zebrowski  (IS)  considered  the  possibility  that  swine  lungworms 
might  require  an  intermediate  host  and  that  he  even  exposed  earth- 
worms to  an  experimental  infection  with  "  larvae  in  different  stages 
of  development."  His  results  were  inconclusive  but  he  found 
nematode  larvae  in  earthworms. 

In  1929  Hobmaier  and  Hobmaier  (S,  6)  published  the  results  of 
their  investigations  on  the  life  history  of  two  species  of  swine  lung- 
worms,  Metastrongylm  elongatus  and  G.  pwdendotectm,  and  in- 
criminated earthworms,  species  not  well  defined,3  as  intermediate 
hosts.  Briefly,  these  investigators  noted  one  molt  in  the  course  of 
the  development  of  the  larvae  in  the  wall  of  the  esophagus  and  in  the 
hearts  of  earthworms,  the  infective  stage  being  attained  following  this 
molt.  They  demonstrated,  moreover,  that  pigs  could  be  experi- 
mentally infected  with  these  two  species  as  a  result  of  ingesting 
earthworms  harboring  the  infective  stage  of  the  parasites.  These 
investigators  noted  also  only  one  molt  in  the  course  of  the  develop- 
ment of  lungworms  in  the  definitive  host.  Their  work,  so  far  as  the 
mode  of  transmission  of  lungworms  to  swine  was  concerned,  prac- 
tically fulfilled  all  the  requirements  essential  to  the  demonstration 
of  the  life  cycle  of  a  heteroxenous  nematode. 

The  transmission  of  swine  lungworms  by  earthworms  was  later 
confirmed  by  the  present  writers  (IS),  who  observed  two  molts  in 
the  course  of  the  development  of  the  larvae  in  the  intermediate 
host.  Though  the  writers'  results  with  reference  to  the  number  of 
molts  were  subsequently  questioned  by  Von  Schuckmann  and  Zunker 
(i#),  who  confirmed  the  work  of  the  Hobmaiers,  a  brief  paper  which 
embodied  the  results  of  the  writers'  investigations  (H)  on  this  sub- 
ject up  to  the  middle  of  1931  established  conclusively  the  facts  with 
regard  to  the  number  of  molts  in  the  course  of  development  of  the 
two  species  of  lungworms  under  discussion. 

TECHNIC  USED  IN  INVESTIGATION 

Adult  lungworms  were  obtained  from  the  bronchioles  of  lungs  of 
swine  from  various  parts  of  the  country.  The  worms  were  care- 
fully removed  with  the  aid  of  forceps,  washed  in  physiologic  saline 
solution,  and  sorted  as  to  species.  When  infested  with  lungworms, 
swine  almost  invariably  harbor  a  mixed  infestation  with  Metastron- 
gylus  elongatus  and  Gkoerostrongylus  pudendotectus,  and  are  rarely 
infested  with  M.  salmi.  The  intensity  of  infestation  with  each  of 
the  three  species  was  in  the  order  in  which  these  species  have  been 
named. 

The  gravid,  intact  females  were  cut  into  small  pieces  with  a  pair 
of  fine  scissors  in  a  glass  dish  containing  a  small  quantity  of  water. 
The  cut-up  material  usually  contained  a  mixture  of  thin-shelled 
eggs  and  larvae  which  had  just  emerged  from  the  eggs,  as  well  as 
thick-shelled  embryonated  eggs;  the  latter  did  not  hatch  in  vitro. 
This  material  also  contained  nonembryonated  and  incompletely  em- 
bryonated eggs  which  degenerated  quickly  in  water  and  in  physio- 

3  These    investigators    referred    to    the    earthworms    used    in    their    investigations    as 
LumOricus  tcrrestris  major  and  minor,  varieties  which  have  no  zoological  standing. 
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logic  saline  solution.  The  cut-up  material  was  thoroughly  mixed 
with  a  small  quantity  of  soil,  obtained  from  a  place  on  which  no 
hogs  had  been  kept  for  a  number  of  years;  in  most  cases  the  soil 
was  obtained  from  the  back  yard  of  a  dwelling  in  the  southwest 
section  of  Washington,  D.C.,  an  area  on  which  no  swine  had  ever 
been  kept  so  far  as  could  be  determined. 

A  number  of  earthworms  were  then  placed  in  a  glass  jar,  or  other 
suitable  glass  container,  to  which  the  contaminated  soil  had  been 
added;  the  container  was  covered  loosely  with  a  glass  dish.  After 
the  earthworms  had  remained  in  the  small  quantity  of  soil  for  from 
1  to  3  days,  during  which  time  at  least  part  of  the  soil  passed 
through  the  alimentary  canal  of  the  annelids  as  shown  by  the  pres- 
ence of  typical  casts  in  the  containers,  the  earthworms  were  removed 
to  another  glass  container  to  which  a  considerable  quantity  of  uncon- 
taminated  soil  had  been  added;  the  top  layer  of  soil  was  covered 
with  several  layers  of  moist  filter  paper,  water  being  added  to  the 
filter  paper  from  time  to  time  to  keep  the  soil  damp.  Under  these 
conditions  the  earthworms  burrowed  in  the  soil  during  the  day, 
much  in  the  same  way  as  they  do  in  nature.  During  the  day  some 
earthworms  were  usually  found  between  the  layers  of  the  filter 
paper. 

When  the  earthworms  were  kept  under  these  conditions  at  room 
temperature  they  usually  remained  alive  for  weeks,  although  they 
frequently  decreased  in  size,  presumably  as  the  result  of  starvation, 
since  no  food  of  any  kind  other  than  that  present  in  the  soil  was 
available  to  them.  In  occasional  cultures  a  heavy  mortality  of  earth- 
worms was  observed,  particularly  during  the  first  few  days.  In  such 
cases  the  dead  earthworms  were  removed  and  examined  for  larvae, 
and  the  live  worms  were  transferred  to  new  containers  with  fresh 
soil.  When  deaths  occurred  transfers  were  made  daily,  and  this 
procedure  usually  enabled  the  writers  to  carry  along  cultures  of 
earthworms  uninterruptedly  for  several  weeks. 

The  anterior  portion  of  the  alimentary  canal,  including  the  phar- 
ynx, esophagus,  crop,  gizzard,  and  anterior  portion  of  the  intestine 
of  the  earthworms,  was  examined  for  larvae ;  in  most  cases  the  hearts, 
the  dorsal  blood  vessel,  and  occasionally  the  ventral  blood  vessel, 
were  also  examined  for  evidence  of  infestation.  For  the  purpose  of 
determining  the  morphological  status  of  the  larvae,  they  were  re- 
moved from  their  locations  in  the  intermediate  host,  with  the  aid 
of  dissecting  needles,  and  examined  microscopically. 

In  feeding  experiments  with  pigs  and  dogs  these  animals  were 
force-fed  intact  earthworms  which  had  been  exposed  to  infestation 
for  a  period  adequate  for  the  development  of  the  larvae  to  the 
infective  stage.  The  guinea  pigs  and  other  animals  used  were  force- 
fed  the  carefully  dissected  anterior  portion  of  the  alimentary  canal 
and  adjoining  blood  vessels,  including  the  hearts  of  infested  earth- 
worms. 

Earthworms  used  in  feeding  experiments  were  collected  in  places 
to  which  swine  had  not  had  access  for  a  number  of  years,  so  far  as 
could  be  determined.  Practically  all  the  earthworms  used  in  experi- 
ments were  collected  at  the  Bureau  of  Animal  Industry  Experiment 
Station  at  Bethesda,  Md.  Several  earthworms  from  each  lot  in- 
tended for  experimental  infection  were  examined  for  larvae;  the 
results  were  negative  in  nearly  all  cases.     Occasionally  individual 
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earthworms  were  found  to  harbor  slight  infestations;  more  than 
three  larvae  were  seldom  found,  but  such  lots  were  not  used  in  experi- 
ments involving  development  of  the  larvae  in  the  intermediate  host. 

All  pigs  used  in  transmission  experiments  were  from  litters  which, 
had  been  farrowed  and  subsequently  reared  on  concrete  floors;  the 
pigs  were  kept  under  careful  supervision  so  as  to  preclude  extraneous 
infestations  with  lungworms.  During  the  course  of  this  investiga- 
tion, as  well  as  of  investigations  with  reference  to  other  swine  para- 
sites, conducted  during  the  past  few  years  by  the  writers  and  others 
in  the  Zoological  Division,  no  evidence  of  lungworm  infestation  was 
ever  found  in  any  pig  reared  under  conditions  described  above. 

Fecal  examinations  to  determine  the  presence  of  eggs  in  the  drop- 
pings of  infested  swine  were  made  by  the  salt-flotation  technic. 

Post-mortem  examinations  of  mammalian  hosts  were  made  as  fol- 
lows: The  mesenteric  lymph  glands  were  torn  apart  with  the  aid 
of  dissecting  needles  and  small  portions  were  examined  in  succession 
in  press  preparations.  Portions  of  the  liver  and  lungs  were  exam- 
ined in  a  similar  way.  When  larvae  were  not  found  in  these  organs, 
the  latter  were  cut  up  with  a  pair  of  fine  scissors  and  examined  with 
the  aid  of  the  Baermann  apparatus.  When  larvae  were  present, 
they  readily  came  down  the  stem  of  the  funnel  and  could  easily  be 
collected  for  study. 

Field  studies  on  the  prevalence  and  abundance  of  earthworms  in 
hog  pastures,  in  lots,  and  elsewhere,  were  made  in  points  in  Mary- 
land, Georgia,  and  to  some  extent  in  North  Carolina.  Earthworms 
were  obtained  from  fields  and  other  places  by  digging  in  the  soil. 
The  specimens  collected  were  placed  in  glass  containers  with  suf- 
ficient soil  and  examined  in  the  laboratory  when  convenient. 

PROTOCOLS  ON   EXPERIMENTAL  INFECTIONS   OF   EARTHWORMS 

INFECTIONS    WITH   METASTRONGYLUS    ELONGATUS 

EXPERIMENT    1 

On  August  7,  1929,  five  earthworms,  species  undetermined,  were 
placed  in  soil  containing  eggs  and  larvae  of  Metastrongylus  elonga- 
tes. Individual  earthworms  were  dissected  to  determine  degree  and 
extent  of  infestation,  as  shown  in  the  following  results : 

Earthworm  1,  August  13.  Five  first-stage  larvae,  525/a  long  by  20/u,  wide 
recovered  from  hearts,  no  examination  made  of  other  organs.  Esophagus  of 
typical  larva  about  130/t  long ;  excretory  pore  about  80/u  and  genital  primordium 
about  130/i  from  posterior  end;  tail  40m  long. 

Earthworm  2,  August  15.  A  number  of  larvae  recovered  from  hearts.  Each 
of  these  worms  had  a  loose  sheath,  indicating  a  molt. 

Earthworm  3,  August  16.  Larvae  of  three  types  recovered  from  this  earth- 
worm, namely,  (1)  first-stage  larvae  which  had  not  yet  molted;  (2)  larvae 
which  had  two  sheaths  and  had,  therefore,  molted  twice;  and  (3)  larvae  which 
had  already  cast  off  sheath  of  first  molt  but  retained  that  of  second  molt. 

Earthworm  4,  August  23.  Numerous  third-stage  larvae  recovered  from 
hearts,  dorsal  blood  vessel,  and  parietal  blood  vessels. 

Earthworm  5,  September  5.  Numerous  larvae,  625  by  actual  count,  recovered 
from  same  location  as  noted  in  connection  with  earthworm  4. 

EXPERIMENT    2 

On  August  26,  1929,  several  earthworms,  species  undetermined, 
were  placed  in  soil  containing  eggs  and  larvae  of  Metastrongylus 


6  TECHNICAL    BULLETIN    456,    U.S.    DEPT.    OF    AGRICULTURE 

elongatus.     Dissection  of  one  of  these  intermediate  hosts  was  made 
with  the  following  results: 

Earthworm  6,  August  27.  Only  one  larva  in  intestinal  contents ;  other  organs 
and  tissues  examined  with  negative  results. 

EXPERIMENT  .'J 

On  August  27,  1929,  several  earthworms,  species  undetermined, 
were  placed  in  soil  infected  with  Metastrongylus  elongatus.  One 
earthworm  showed  the  following  infestation : 

Earthworm  7,  September  6.  Hearts  contained  number  of  larvae  with  two 
sheaths  and  some  larvae  which  had  already  cast  off  first  sheath  but  still 
retained  second  sheath.  One  larva,  with  two  sheaths,  discarded  first  sheath 
while  under  observation. 

EXPERIMENT    4 

On  October  13,  1930,  a  number  of  earthworms,  Helodrilus  foetidus, 
were  exposed  to  infection  with  Metastrongylus  elongatus.  Post- 
mortem examinations  were  made  of  12  of  these  with  the  following 
results : 

Earthworms  8  and  9,  October  15.  No.  8  contained  three  first-stage  larvae  in 
wall  of  posterior  portion  of  esophagus;  a  few  larvae  in  blood  vessels.  No.  9 
contained  12  larvae  in  wall  of  posterior  portion  of  esophagus;  no  larvae  in 
blood  vessels.  Larvae  recovered  from  earthworm  9  were  275/a  to  310/x  long 
by  15/i  wide;  esophagus  100^  to  110^  long. 

Earthworm  10,  October  18.  Only  one  larva  in  wall  of  posterior  portion  of 
esophagus;  no  larvae  in  blood  vessels. 

Earthworm  11,  October  20.  Twenty-eight  first-stage  larvae  in  wall  of  esopha- 
gus, in  posterior  portion  for  the  most  part ;  in  the  four  larvae  examined,  no 
evidence  of  molt ;  no  larvae  in  blood  vessels. 

Earthworm  12,  October  22.  Fifty  larvae  in  wall  of  esophagus ;  a  few  larvae 
in  anterior  portion;  majority  in  posterior  portion;  1  larva  recovered  from 
hearts. 

Earthworm  13,  October  23.  Ten  larvae  in  wall  of  posterior  portion  of  esoph- 
agus and  9  larvae  in  various  locations  in  wall  of  anterior  portion  of  esophagus ; 
no  larvae  in  blood  vessels.  Of  larvae  examined,  none  showed  evidence  of 
molting. 

Earthworm  14,  October  24.  Ten  first-stage  larvae  in  wall  of  posterior  portion 
of  esophagus;  no  larvae  in  blood  vessels. 

Earthworm  15,  October  27.  Twenty-three  larvae  in  wall  of  posterior  por- 
tion of  esophagus;  several  had  undergone  first  molt  but  retained  sheath.  Two 
of  these  second-stage  larvae  had  the  following  measurements:  Length,  580m 
and  600ju;  width,  28ju;  length  of  esophagus,  125>  and  130/* ;  distance  of  genital 
primordium  from  anterior  end,  320/*  and  325>;  length  of  tail,  35/a. 

Earthworm  16,  October  28.  About  25  second-stage  larvae  in  wall  of  posterior 
portion  of  esophagus ;  no  larvae  in  blood  vessels. 

Earthworm  17,  October  29.  More  than  30  larvae  in  wall  of  posterior  portion 
of  esophagus ;  2  larvae  in  hearts,  these  undergoing  second  molt,  since  each  had 
two  sheaths. 

Earthworm  18,  November  4.  One  earthworm  contained  about  150  larvae  in 
wall  of  esophagus,  larvae  being  located  in  posterior  portion  for  the  most  part : 
3  larvae  in  first  pair  of  hearts,  1  in  second  pair,  1  in  third  pair,  and  4  in 
fourth  pair. 

Earthworm  19,  November  17.  About  200  third-stage  larvae  found;  about  a 
dozen  larvae  in  each  of  the  five  pairs  of  hearts,  remaining  larvae  being  located 
in  wall  of  posterior  portion  of  esophagus. 

EXPERIMENT    B 

On  October  13,  1930,  a  number  of  earthworms,  Helodrilus  caligi- 
nosus  var.  trapezoides,  were  placed  in  soil  containing  eggs  and  larvae 
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of  M  etastrongylus  elongatus.    Eight  of  the  earthworms  were  exam- 
ined at  various  intervals  with  the  following  results : 

Earthworm  20,  October  15.  Six  first-stage  larvae  in  wall  of  posterior  part 
of  esophagus ;  no  larvae  in  blood  vessels. 

Earthworm  21,  October  18.  Five  larvae  in  wall  of  esophagus,  2  being  in 
anterior  portion  and  3  in  posterior  portion.  Larvae  had  following  measure- 
ments :  Length,  275>  to  300/t* ;  width,  15/u, ;  length  of  esophagus,  lOfyu  to  HOfi. 

Earthworm  22,  October  20.  Forty-two  first-stage  larvae  in  wall  of  posterior 
portion  of  esophagus ;  no  larvae  in  blood  vessels. 

Earthworm  23,  October  23.  Six  larvae  in  wall  of  posterior  portion  of  esopha- 
gus; none  in  blood  vessels. 

Earthworm  24,  October  29.  Thirty-five  larvae  in  wall  of  posterior  portion  of 
esophagus;  of  10  larvae  examined,  4  had  2  sheaths  each  and  6  had  only  1 
sheath  each,     One  larva  in  one  of  first  pair  of  hearts. 

Earthworm  25,  November  4.  About  30  larvae  in  first  pair  of  hearts ;  several 
of  these  appeared  to  be  disintegrated. 

Earthworms  26  and  27,  November  17.  No.  26  contained  3  larvae  in  wall  of 
posterior  part  of  esophagus ;  no.  27  contained  more  than  75  larvae  in  same  loca- 
tion and  2  larvae  in  first  pair  of  hearts. 

EXPERIMENT  6 

On  November  21,  1930,  several  earthworms,  Helodrilus  foetidus, 
were  placed  in  soil  containing  eggs  and  larvae  of  M etastrongylus 
elongatus.  Examinations  of  four  earthworms  were  made  at  various 
intervals  after  exposure,  with  the  following  results : 

Earthworm  28,  November  29.  About  100  larvae  in  wall  of  posterior  portion 
of  esophagus ;  no  larvae  in  blood  vessels. 

Earthworm  29,  December  5.  More  than  200  larvae  in  posterior  portion  of 
wall  of  esophagus ;  larvae  numerous  in  all  hearts.  Most  larvae  examined  were 
in  second  stage ;  a  few  larvae  had  two  sheaths  each. 

Earthworm  30,  December  13.  A  total  of  320  larvae  in  hearts  and  in  wall  of 
esophagus. 

Earthworm  31,  December  26.  About  500  larvae  in  wall  of  posterior  part  of 
esophagus ;  hearts  contained  numerous  larvae ;  all  larvae  in  third  stage. 

EXPERIMENT    7 

On  April  8,  1931,  several  earthworms,  species  undetermined,  were 
placed  in  soil  containing  eggs  and  larvae  of  M  etastrongylus  elon- 
gatus.    Four  earthworms  were  dissected,  with  results  as  follows: 

Earthworm  32,  April  15.  Numerous  first-stage  larvae  in  wall  of  posterior 
part  of  esophagus ;  no  larvae  in  blood  vessels.  Larvae  had  following  measure- 
ments:  Length  375a*  to  400/*;  width,  15>;  length  of  esophagus,  125/a  to  133/*; 
distance  of  nerve  ring,  excretory  pore,  and  genital  primordium  from  anterior 
end,  70fi,  76/i,  and  260/a,  respectively. 

Earthworm  33,  April  19.  First-stage  larvae  recovered  from  wall  of  esopha- 
gus ;  a  few  larvae  undergoing  first  molt. 

Earthworm  34,  April  22.  Larvae  in  second  stage  recovered  from  posterior 
wall  of  esophagus.  One  of  these  larvae  had  the  following  measurements: 
Length,  600/*;  width,  26/t ;  length  of  esophagus,  180/u:  distance  of  nerve  ring 
and  excretory  pore  from  anterior  end,  76/*  and  85>,  respectively;  length  of 
tail,  50m. 

Earthworm  35,  April  26.     Many  third-stage  larvae  found. 

EXPERIMENT    8 

On  August  26,  1931,  several  earthworms,  species  undetermined, 
were  exposed  to  infection  with  M etastrongylus  elongatus.  One 
earthworm  was  dissected  with  the  following  results  : 

Earthworm  36,  September  22.  Larvae  abundant  in  wall  of  gizzard,  some 
in  wall  of  crop,  many  in  wall  of  intestine  but  only  in  region  immediately 
posterior  to  crop,  large  numbers  in  hearts. 
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INFECTIONS    WITH    CHOEROSTRONGYLUS    PUDENDOTECTUS 

EXPERIMENT   1 

On  August  22,  1929,  one  earthworm,  species  undetermined,  was 
placed  in  soil  containing  eggs  and  larvae  of  Choerostrongylus  puden- 
dotectus.    This  earthworm  was  examined  with  the  following  results : 

Earthworm  37,  September  3.  Two  larvae  in  one  heart,  one  of  these  larvae 
being  372/*  long. 

EXPERIMENT  2 

On  August  28,  1929,  several  earthworms,  species  undetermined, 
were  placed  in  soil  containing  eggs  and  larvae  of  Choerostrongylus 
pudendotectus.  One  of  these  earthworms  was  examined  with  the 
following  results  : 

Earthworm  38,  December  7.  Contained  numerous  larvae  in  wall  of  esopha- 
gus; none  in  blood  vessels. 

EXPERIMENT  3 

On  October  13,  1930,  a  number  of  earthworms,  Helodrilus  caligi- 
nosus  var.  trapezoides,  were  placed  in  soil  containing  eggs  and  larvae 
of  Choerostrongylus  pudendotectus.  Five  of  these  earthworms  were 
examined  with  the  following  results: 

Earthworm  39,  October  15.  Only  one  larva  in  posterior  portion  of  esophageal 
wall ;  none  in  blood  vessels. 

Earthworm  40,  October  18.  Fourteen  larvae  in  wall  of  posterior  portion  of 
esophagus;  none  in  blood  vessels. 

Earthworm  41,  October  25.  Fifteen  larvae  in  wall  of  posterior  portion  of 
esophagus ;  none  in  blood  vessels. 

Earthworm  42,  November  1.  About  65  third-stage  larvae  in  wall  of  posterior 
portion  of  esophagus,  4  larvae  in  first  pair  of  hearts,  2  in  each  of  second  pair, 
and  1  in  one  of  third  pair  of  hearts. 

Earthworm  43,  November  15.  Six  larvae  in  first  pair  of  hearts,  3  in  one  of 
second  pair,  and  3  in  wall  of  posterior  portion  of  esophagus. 

EXPERIMENT    4 

On  October  13,  1930,  a  number  of  earthworms,  Helodrilus  foetidus, 
were  exposed  to  soil  containing  eggs  and  larvae  of  Choerostrongylus 
pudendotectus.  Seven  of  these  earthworms  were  examined  with  the 
following  results: 

Earthworm  44,  October  15.  About  a  dozen  first-stage  larvae  in  wall  of 
posterior  portion  of  esophagus;  these  larvae  285^  to  310>  long  by  15/a  wide; 
no  larvae  in  blood  vessels. 

Earthworm  45,  October  18.  Two  first-stage  larvae  in  wall  of  posterior  por- 
tion of  esophagus;  no  larvae  in  blood  vessels. 

Earthworm  46,  October  21.  Forty -three  first-stage  larvae  in  wall  of  posterior 
portion  of  esophagus  and  a  few  in  wall  of  anterior  portion ;  none  in  blood 
vessels. 

Earthworm  47,  October  23.  Fifteen  first-stage  larvae  scattered  in  various 
portions  of  esophageal  wall ;  none  in  blood  vessels. 

Earthworm  48,  October  29.  Twenty-four  larvae,  mostly  in  wall  of  posterior 
portion  of  esophagus,  several  larvae  undergoing  first  molt ;  none  in  circulatory 
system. 

Earthworn  49,  November  4.  One  hundred  and  twenty-five  tbird-stage  larvae, 
mostly  in  posterior  portion  of  esophagus ;  4  larvae  in  first  pair  of  hearts  and  2 
in  one  of  fourth  pair  of  hearts. 

Earthworm  50,  November  17.  About  78  third-stage  larvae  in  wall  of  posterior 
portion  of  esophagus;  4  larvae  in  first  pair  of  hearts,  18  in  second  pair,  9  in 
third  pair,  1  in  one  of  fourth  pair,  and  1  in  one  of  fifth  pair  of  hearts ;  about 
36  larvae  in  dorsal  blood  vessel. 
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EXPERIMENT    5 

On  November  21,  1930,  several  earthworms,  Helodrilus  caliginosus 
var.  trapezoides,  were  placed  in  soil  containing  eggs  and  larvae  of 
Choerostrongylus  pudendotectws,  Four  of  the  earthworms  were  ex- 
amined with  the  following  results : 

Earthworm  51,  November  21.  About  100  first-stage  larvae  in  wall  of  posterior 
portion  of  esophagus;  none  in  hearts. 

Earthworm  52,  December  5.  About  150  larvae  in  posterior  portion  of  wall  of 
esophagus ;  1  larva  in  dorsal  blood  vessel ;  a  few  larvae  undergoing  second  molt. 

Earthworm  53,  December  13.  About  130  larvae  in  posterior  portion  of  wall 
of  esophagus ;  none  in  blood  vessels ;  most  larvae  in  third  stage. 

Earthworm  54,  December  26.  About  150  third-stage  larvae  scattered  in 
esophageal  wall,  mostly  in  posterior  portion;  numerous  larvae  in  one  heart  and 
several  in  each  of  remaining  hearts. 

EXPERIMENT    6 

On  April  8,  1931,  several  earthworms,  species  undetermined,  were 
placed  in  soil  containing  eggs  and  larvae  of  Choerostrongylus  puden- 
dotectus.  Four  of  the  earthworms  were  examined  with  results  as 
follows : 

Earthworm  55,  April  15.  Many  larvae  in  posterior  portion  of  wall  of  esopha- 
gus ;  none  in  hearts ;  all  in  first  stage.  Larvae  had  following  measurements : 
Length,  about  360/*  to  385/* ;  width,  15/*;  length  of  esophagus.  123/*  to  130/*; 
distance  of  genital  primordium  from  anterior  end,  24G>  to  27-V. 

Earthworm  56,  April  19.  Several  larvae  in  posterior  portion  of  wall  of 
esophagus;  one  first-stage  larva  390/*  long  by  15/*  wide;  esophagus  130/*  long: 
genital  primordium  210/*  from  anterior  end. 

Earthworm  57,  April  22.  Most  larvae  in  posterior  portion  of  wall  of  esophagus  ; 
larvae  undergoing  second  molt.  Measurements  as  follows  :  Length,  580/*  to  610/*  ; 
width.  26/* ;  length  of  esophagus,  140/*  to  160/* ;  distance  of  nerve  ring,  excretory 
pore,  and  genital  primordium  from  anterior  end,  72/*  to  76/*,  79/*  to  87/*,  and 
320/*  to  355/*,  respectively ;  length  of  tail,  45/*  to  50/*. 

Earthworm  58,  April  26.  Many  larvae  in  esophagus  and  hearts :  ill  in  third 
stage. 

INFECTIONS  WITH  METASTRONGYLUS  SALMI 

On  February  21,  1933,  7  earthworms  (6  of  wThich  were  Helodrilus 
caliginosus  var.  trapezoides  and  1  Lumbricus  terrestris)  were  placed 
in  soil  containing  eggs  and  larvae  of  Metastrongylus  salmi.  Later 
they  were  dissected  to  determine  the  degree  of  infestation,  with  re- 
sults as  follows: 

Earthworm  59,  February  22.  A  few  first-stage  larvae  in  wall  of  esophagus ; 
two  larvae  were  275/*  and  300/*  long  by  12/*  wide. 

Earthworm  60,  March  1.  Several  first-stage  larvae  in  wall  of  esophagus; 
one  larva  380/*  long  by  18/*  wide. 

Earthworm  61,  March  6.  Several  larvae  in  wall  of  esophagus,  undergoing 
first  molt.    Three  larvae  were  500/*  to  525/*  long  by  22/*  to  26/*  wide. 

Earthworm  62,  March  8.  Four  larvae  from  esophageal  wall  were  undergoing 
second  molt ;  larvae  550/*  to  610/*  long  by  26/*  to  28/t  wide. 

Earthworm  63,  March  11.  Several  third-stage  larvae  and  larvae  undergoing 
second  molt;  two  third-stage  larvae  550/*  long  by  26/*  wide. 

Earthworm  64  (Lnmbricm  terrestris),  March  13.  A  few  third-stage  larvae 
in  esophageal  wall. 

Earthworm  65.  March  23.  Several  third-stage  larvae  in  posterior  esophageal 
wall  and  in  hearts;  three  third-stage  larvae  550/*  to  630/*  long  by  26/*  wide. 

INFECTIONS   WITH   UNDETERMINED   SPECIES 

On  March  8,  1930,  several  earthworms,  Lumbricus  terrestris,  were 
exposed  to  infection  on  soil  to  which  eggs  and  larvae  of  undeter- 
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mined  species  of  swine  lungworms  had  been  added  about  a  week  pre- 
viously.   One  earthworm  was  examined  with  the  following  results: 

Earthworm  66,  March  20.  Several  infective  larvae  in  hearts  and  in  wall  of 
esophagus  adjacent  to  crop. 

PROTOCOLS  ON  NATURAL  INFESTATION  OF  EARTHWORMS  WITH 
LARVAE  OF  SWINE  LUNGWORMS 

During  the  summer  of  1929  the  senior  author  made  an  investiga- 
tion on  farms  in  various  parts  of  Maryland  to  determine  the  extent 
of  natural  infestation  of  earthworms  with  the  larvae  of  swine  lung- 
worms.     The  results  were  as  follows: 

Farm  1.  Of  10  earthworms,  Helodrilus  caliginosus  var.  trapezoides,  from  a 
hog  pasture,  6  were  negative  and  4  positive ;  from  1  to  2  larvae  found  in  indi- 
vidual earthworms. 

Farm  2.  Of  4  earthworms,  Helodrilus  foetidus,  all  were  infested ;  they  con- 
tained 25,  179,  80,  and  30  larvae,  respectively.  Larvae  in  walls  of  esophagus, 
crop,  gizzard,  and  intestine;  comparatively  few  in  hearts.  Lot  from  which 
earthworms  were  collected  had  been  vacant  for  several  months,  the  pigs  having 
been  removed  early  that  spring. 

Farm  3.  Earthworms,  Helodrilus  foetidus  and  H.  caliginosus  var.  trapezoides, 
collected  from  old  bare  hog  lot.  Of  25  earthworms,  8  were  negative  and 
17  positive;  number  of  larvae  in  individual  earthworms  ranged  from  1  to  25. 

Farm  4.  Of  10  earthworms,  species  undetermined,  9  were  negative  and  1 
positive,  the  latter  containing  2  larvae  in  hearts. 

Farm  5.  Of  5  specimens,  Helodrilus  foetidus,  2  were  negative  and  3  posi- 
tive ;  one  of  latter  contained  about  50  larvae  located  in  wall  of  esophagus  and 
in  hearts,  another  contained  about  35  larvae  in  wall  of  esophagus,  3  in  wall  of 
crop  and  intestine,  and  none  in  hearts,  and  the  third  contained  1  degenerated 
larva. 

Farm  6.  Of  5  earthworms,  species  undetermined,  collected  near  farm  resi- 
dence on  area  to  which  pigs  had  no  access,  all  were  negative. 

Additional  field  studies  on  the  occurrence  of  naturally  infested 
earthworms  were  made  by  the  senior  author  in  southern  Georgia  in 
February  1931,  in  order  to  determine  the  prevalence  of  earthworms 
on  temporary  swine  pastures  as  compared  with  their  prevalence  in 
pine  woods  and  insanitary  hog  lots.  These  studies  were  made  to 
determine  also  the  extent  and  degree  of  infestation  of  earthworms 
with  lungworm  larvae  in  a  part  of  Georgia  which  is  a  swine- 
growing  area.    The  following  results  were  obtained : 

Farm  7.  Of  8  earthworms,  species  undetermined,  from  pasture  1,  all  were 
negative;  2  earthworms  from  pasture  2  also  negative.  Of  7  earthworms  from 
edge  of  pine  woods,  3  were  negative  and  4  contained  disintegrated  larvae. 
Three  sows,  examined  post  mortem,  were  negative  for  lungworms.  Earth- 
worms found  in  lowest  portion  of  pastures  1  and  2 ;  pasture  1,  which  was  more 
level,  than  pasture  2,  contained  few  earthworms.  Except  for  the  temporary 
pastures,  no  earthworms  found  in  soil  full  of  roots,  but  readily  obtained  near 
cow  and  horse  manure.  In  one  pasture  with  a  hard  soil,  no  earthworms 
were  found. 

Farm  8.  Of  9  earthworms,  species  undetermined,  6  were  negative  and  3 
contained  from  one  to  a  dozen  larvae. 

Farm  9.  Of  10  earthworms,  Helodrilus  caliginosus  var.  trapezoides,  7  were 
negative  and  3  positive ;  the  latter  contained  2,  3,  and  50  larvae,  respectively,  in 
wall  of  posterior  part  of  esophagus  and  in  hearts.  Post-mortem  records  on 
pigs  from  this  farm  showed  lungworm  infestations,  individual  pigs  harboring 
from  3  to  72  lungworms. 

Farm  10.  Of  8  earthworms,  7,  species  undetermined,  were  negative,  and  1. 
Helodrilus  caliginosus  var.  trapezoides,  contained  2  larvae  in  hearts.  Of  5 
earthworms,  species  undertermined,  from  pine  woods  adjacent  to  temporary 
pastures,  3  were  negative  and  2  positive;  the  latter  contained  2  and  3  larvae. 
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respectively,  in  wall  of  posterior  part  of  esophagus.  Four  pigs,  examined  post 
mortem,  contained  5  to  18  lungworms  each. 

Farm  11.  Of  7  earthworms,  Helodrilus  euliginosus  var.  traprzoides.  ob- 
tained along  lane  leading  to  horse  barn,  all  were  negative.  Of  15  earthworms, 
species  undetermined,  from  a  temporary  pasture,  14  were  negative  and  1  con- 
tained 1  larva  in  wall  of  esophagus;  earthworms  were  obtained  in  fair  num- 
bers in  lowest  portion  of  pasture  only.  Of  7  earthworms  from  a  woods 
pasture,  6  were  negative  and  1  contained  2  larvae,  1  in  wall  of  esophagus  and 

1  in  heart.  Earthworms  were  obtained  in  lane  near  barns,  on  shaded  side 
only,  showing  that  such  areas  are  possible  sources  of  infection ;  these  earth- 
worms, however,  were  not  examined.  Post-mortem  examination  of  22  pigs 
showed  16  to  be  free  from  lungworms  and  6  to  be  very  slightly  infested. 

Farm  12.  Of  7  earthworms,  species  undetermined,  from  pine  woods,  5  were 
negative  and  2  contained  500  and  2,000  larvae  in  wall  of  esophagus  and  in 
hearts.  In  temporary  pasture  which  contained  a  hog  pen,  no  earthworms  were 
found  in  pasture,  but  they  were  present  along  fence  of  pen.  Of  5  earthworms, 
Helodrilus  caliginosus  var.  trapezoides,  4  were  negative  and  1  contained  10 
larvae  in  wall  of  esophagus.  Numerous  earthworms  were  found  in  rich, 
damp  soil  at  branch  head  of  a  stream  in  pine  woods  adjacent  to  pasture. 

Farm  13.  No  earthworms  in  temporary  pasture.  Woods  adjacent  to  pasture, 
lower  than  latter  and  accessible  to  pigs,  contained  numerous  earthworms;  soil 
in  woods  rich  in  humus,  overgrown  with  grass,  but  fairly  soft.  Of  11  earth- 
worms, species  undetermined,  from  this  soil,  5  were  negative  and  the  remaining 
6  were  infested,  as  follows :  3  contained  2,  2,  and  3  larvae,  respectively,  in  wall 
of  esophagus ;  1  contained  16  larvae  in  hearts  and  2  in  wall  of  esophagus  ■  1 
contained  about  100  larvae  in  wall  of  esophagus;  and  1  contained  about  150 
larvae  in  location  last  mentioned. 

Farm  14.  Of  5  earthworms,  species  undetermined,  from  unfenced  pasture 
adjacent  to  pine  woods,  3  were  negative  and  2  contained  6  and  2  larvae,  respec- 
tively, in  wall  of  esophagus.  Prior  to  examination,  earthworms  had  been  kept 
in  refrigerator  for  15  days;  larvae  active  when  examined. 

Farm  15.  Of  11  earthworms,  species  undetermined,  from  a  small  lot,  unculti- 
vated for  about  10  years  and  containing  rich  soil  covered  with  straw  and  cow 
and  hog  manure.  4  were  negative  and  7  positive ;  latter  contained  from  2  to  15 
larvae  in  wall  of  esophagus,  especially  in  posterior  portion.  Of  5  earthworms, 
species  undetermined,  from  woods,  3  were  negative  and  2  positive;  latter  con- 
tained 2  and  9  larvae,  respectively,  in  wall  of  esophagus.  Earthworms  kept  in 
ioe  box  15  days  before  being  examined ;  lungworm  larvae  recovered  were  active. 

PROTOCOLS   ON   EXPERIMENTAL    INFECTION    OF   VARIOUS 
ANIMALS  WITH  LUNGWORMS 

PIGS 

EXPERIMENT   1 

On  October  29,  1929,  each  of  6  pigs  out  of  a  litter  of  8,  farrowed 
October  18, 1929,  was  fed  10  earthworms  which  had  been  previously 
exposed  to  an  infection  with  Metastrongtylus  elongatus.  On  Novem- 
ber 8,  1929,  each  of  the  remaining  2  pigs,  nos.  7  and  8,  of  this  litter 
was  fed  the  esophageal  portions  of  5  earthworms  which  had  been 
exposed  to  a  mixed  infection  of  Metastrongylus  elongatus  and  Choe* 
rostrongylus  pudendotectus.  The  pigs  were  killed  with  the  following 
results : 

Pig  1,  November  2.  Only  one  larva  in  a  mesenteric  lymph  gland  of  small  intes- 
tine; exact  identity  of  larva  not  determined. 
Pig  2.  November  5.  Free  from  lungworms. 
Pig  3,  November  22.  Contained  52  specimens  of  Meta strong ylus  elongatus; 

2  largest  females,  24  mm  long  by  296^  wide  and  25  mm  long  by  312/*  wide, 
respectively,  contained  several  embryonated  eggs  in  uteri :  most  of  eggs  ob- 
served were  in  morula  stage ;  1  female,  18  mm  long  and  280/a  wide,  contained 
eggs  in  morula  stage.  No  larvae  found  in  liver  and  lymph  glands ;  lungs  showed 
several  hemorrhagic  areas  and  slightly  discolored  pneumonic  areas  at  tips. 

Pigs  4  and  5,  March  7  and  10,  respectively.  Free  from  lungworms. 
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Pig  6,  March  14.  Contained  24  fully  grown  lungworms ;  females  contained 
embryonated  eggs. 

Pig  7,  November  13.  Lungs  showed  petechial  hemorrhages ;  6  females  and  1 
male  worm  isolated  from  these  hemorrhages  had  the  following  measurements : 
Male — length,  800/*;  width,  32/*.  Females — length,  1.3  to  1.62  mm;  width,  45M 
to  53ju ;  length  of  esophagus,  210//.  to  217 /* ;  width  of  esophagus,  24/*  to  26/* ; 
distance  of  vulva  from  tip  of  tail,  57/*  to  60/* ;  length  of  tail,  38/*  to  41/*.  Three 
larvae  in  process  of  degeneration  found  in  lymph  glands  of  pig;  1  of  them 
was  620/a  long  by  30/*  wide. 

Pig  8,  March  14.  Contained  several  adults  of  Metastrongiilu*  elongatus  and 
Choerostrongylus  pudcndotectus. 

EXPERIMENT    2 

On  January  3,  1930,  one  pig,  farrowed  October  18,  1929,  was  fed 
earthworms  previously  exposed  to  an  infection  with  Metastrongy/u.s 
elongatus.     The  animal  was  killed  with  the  following  results : 

Pig  9,  January  8.  Lungs  contained  several  petechial  hemorrhages ;  one  larva 
in  each  of  three  hemorrhagic  areas  examined ;  no  larvae  in  lymph  glands  or 
liver.  One  larva  from  lungs  was  a  fourth-stage  female,  755/*  long  by  31/*  wide ; 
vulva  61/*  from  tip  of  tail. 

EXPERIMENT    3 

On  April  22,  1930,  two  pigs,  farrowed  April  14,  1930,  were  fed 
earthworms  infected  with  mixed  cultures  of  Metastrongylus  elonga- 
tus and  Choerostrongylus  pudendotectus.  The  animals  were  killed 
with  the  following  results : 

Pig  10,  April  23.  No  larvae  in  intestinal  contents  or  mesenteric  lymph 
glands. 

Pig  11,  April  24.  No  larvae  in  intestinal  contents  or  mesenteric  lymph  glands. 
Liver  appeared  normal ;  lungs  showed  few  petechial  hemorrhages,  but  no 
larvae  were  recovered. 

EXPERIMENT    4 

On  May  12,  1930,  two  pigs,  farrowed  April  14,  1930,  w^ere  fed 
earthworms  infested  with  Metastrongylus  elongatus.  The  animals 
were  killed  with  the  following  results : 

Pig  12,  May  15.  Twenty-seven  larvae  in  mesenteric  lymph  glands  adjacent 
to  large  intestine;  larvae  undergoing  third  molt;  no  larvae  found  in  liver. 
Larvae  from  lymph  glands  were  530/*  to  575/*  long  by  30/*  wide;  esophagus  140/* 
to  160/*  long ;  tail  20/*  to  50/*  long. 

Pig  13,  May  20.  Several  larvae  in  washings  of  bronchi  and  bronchioles;  all 
worms  appeared  to  be  in  fifth  stage.  Males — 2  to  3.4  mm  long  by  59/*  to  76/* 
wide ;  esophagus  249/*  to  280/*  long.  Females — 3.5  to  4.2  mm  long  by  65/*  to  78/* 
wide;  esophagus  327/*  long;  vulva  69/*  to  79/*  from  tip  of  tail;  tail  46/*  to  55/* 
long.     Lungs  of  this  pig  showed  several  petechial  hemorrhages. 

KXPKRIMENT    5 

•  On  June  9,  1930,  one  pig,  farrowed  April  14.  1930,  was  fed  earth- 
worms infested  with  Metastrongylus  elongatus.  This  pig  was  killed 
with  the  following  results : 

Pig  14,  June  12.  Lungs  showed  many  small  hemorrhages  containing  larvae 
undergoing  molt ;  several  larvae  in  a  mesenteric  lymph  gland  adjacent  to  large 
intestine ;  no  larvae  in  liver. 

EXPERIMENT    G 

On  December  26  and  27,  1930,  six  pigs,  farrowing  date  unknown, 
were  fed  earthworms  infested  with  lungworm  larvae;  pigs  15,  16. 
17,  and  18  received  earthworms  infested  with  Metastrongylus  elon- 
gatus, and  pigs  19  and  20  received  earthworms  infested  with  Choe- 
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rostrongylus  pudendotectus.  Temperature  readings  taken  on  these 
pigs  daily  from  December  26,  1930,  to  January  5,  1931,  did  not  show 
any  marked  variation  from  the  normal.  Feces  collected  March  9, 
1931,  on  pigs  16  and  18  were  mixed  with  sand,  and  each  sample 
was  placed  in  a  separate  jar.  EarthwTorms  placed  in  these  jars  were 
killed  March  22  and  found  to  contain  lungworm  larvae  in  various 
stages  of  development  in  the  esophageal  wall.  The  pigs  were  killed 
on  the  dates  given  with  the  following  results : 

Pig  15,  January  30,  1931.  Lungs  contained  610  adults  of  Metastrongylus 
elangatus;  no  worms  or  lesions  noted  in  liver. 

Pig  16,  March  6.  Lungs  contained  326  adults  of  Metastrongylus  elongatus; 
no  lesions  or  worms  noted  in  liver. 

Pig.  17,  March  6.     No  lungworms  found. 

Pig.  ]8,  June  25.     Lungs  contained  136  adults  of  Metastrongylus  elongatus. 

Pig  19,  July  1.     No  lungworms  found. 

Pig.  20,  July  17.  Lungs  contained  1  adult  female  "of  Choerostrongylus 
pudendotectus. 

EXPERIMENT   7 

On  May  9,  1931,  each  of  two  3-month-old  pigs  were  fed  eight 
earthworms  infested  with  larvae  of  Choerostrongylus  pudendotec- 
tus.    The  pigs  were  killed  with  the  following  results : 

Pig  21,  May  12.  Five  larvae  in  the  mesenteric  lymph  glands,  3  being 
fourth-stage  males,  1,  a  female  in  process  of  shedding  the  two  skins,  and 
1  a  third-stage  larva.  Males — 624/*  to  680/*  long  by  32/*  to  37/*  wide ;  esophagus 
180/*  to  190/4  long;  nerve  ring  and  excretory  pore  72/*  to  76/*  and  87/*  to  91/*, 
respectively,  from  anterior  end.  Female — 750/*  long  by  347/*  wide;  esophagus 
200/*  long;  nerve  ring  and  excretory  pore  76/*  and  91/*,  respectively,  from 
anterior  end;  tail  41/*  long.  Third-stage  larva — 430/*  long  by  32/*  wide;  tail 
41/*  long.  A  young  fifth-stage  female  found  in  a  mesenteric  lymph  gland  was 
960/a  long  by  32/*  wide;  esophagus  220/*  long;  nerve  ring  and  excretory  pore 
100/*  and  106/*,  respectively,  from  anterior  end;  vulva  72/*  from  posterior  end, 
the  ovary  extending  197/*  from  vulva.  No  hemorrhagic  areas  found  in  lungs 
of  pig. 

Pig  22,  May  14.  Lungs  showed  several  petechial  hemorrhages;  one  young 
adult  male  was  recovered  from  one  of  these  areas;  bursa  of  male  apparent, 
but  rays  incompletely  formed;  worm  1.11  mm  long  by  45/*  wide;  nerve  ring 
and  excretory  pore  91/*  and  121/*,  respectively,  from  anterior  end;  spicules 
somewhat  slender  and  about  418/*  long. 

GUINEA  PIGS 

Several  guinea  pigs  weighing  between  350  and  375  g  were  fed  in- 
fective lungworm  larvae  with  negative  results.  Young  guinea  pigs 
weighing  250  g  or  less  were  infested  experimentally  with  results  as 
follows : 

EXPERIMENT  1 

On  December  27,  1932,  each  of  five  guinea  pigs  was  fed  a  number 
of  infective  larvae  of  Metastrongylus  elongatus  isolated  from  earth- 
worms.    Post-mortem  results  on  these  animals  are  as  follows: 

Guinea  pig  1,  fed  100  larvae,  killed  January  26,  1933.  No  worms  recovered ; 
several  grayish  spots  on  surface  of  lungs ;  other  organs  normal. 

Guinea  pig  2,  fed  250  larvae,  killed  January  26.  No  worms  recovered;  up- 
per lobe  of  right  lung  showed  red  hepatization  with  a  few  scattered  hemor- 
rhages :  surface  of  liver  contained  several  white  spots. 

Guinea  pig  3,  fed  500  larvae,  killed  January  20.  Two  males  and  sixteen 
females  of  Metastrongylus  elongatus  recovered  from  lungs,  which  were  com- 
pletely consolidated;  females  contained  unsegmented  eggs  in  uteri. 

Guinea  pig  4,  fed  750  larvae,  killed  January  26.  No  lungworms  recovered ; 
posterior   tips  of  lungs  showed  red  hepatization;   other  organs  normal. 
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Guinea  pig  5,  fed  1,000  larvae,  killed  January  26.  No  worms  recovered ; 
upper  lobes  of  lungs  showed  red  hepatization;  few  hemorrhagic  areas  in 
lower  portions  of  main  lobes;  other  organs  normal. 

EXPERIMENT    2 

On  July  28,  1932,  each  of  two  guinea  pigs  was  fed  the  esophagi  and 
hearts  of  six  earthworms  previously  exposed  to  infection  with  the 
eggs  and  larvae  of  Choerostrongylus  pudendotectus  and  Metastron- 
gylus  elongatus.  These  animals  were  killed  on  the  dates  shown,  with 
the  folJ owing  results : 

Guinea  pig  6,  killed  July  29,  exactly  24  hours  after  feeding  of  infective  lung- 
worm  larvae.  Mesenteric  lymph  glands  of  large  intestine  contained  45  third- 
stage  larvae.  Two  of  these  larvae  525//  and  550/*  long  by  25/*  and  26//  wide ; 
esophagus  175/*  and  210//,  long ;  genital  primordium  255/*  and  286//  from  anterior 
end ;  tail  30/*  long.  .Liver  contained  1  third-stage  larva  440//  long  by  26/*  wide ; 
esophagus  175//  long;  genital  primordium  255//  from  anterior  end;  tail  175//  long. 

Guinea  pig  7,  killed  July  30,  48  hours  after  feeding  of  infective  larvae. 
Yielded  56  third-stage  larvae  from  mesenteric  lymph  glands,  especially  those 
near  cecum ;  1  larva  from  liver ;  larvae  from  lymph  glands  wider  than  those 
obtained  from  guinea  pig  6.  Two  larvae  each  525//  long  by  30//  wide;  esopha- 
gus 210//  long ;  genital  primordium  280//  from  anterior  end ;  tail  30//  long.  In  1 
larva  genital  primordium  35//  long,  considerably  larger  than  those  in  larvae 
obtained  from  guinea  pig  6. 

EXPERIMENT  3 

On  July  30.  1932,  each  of  three  guinea  pigs  was  fed  the  esophagi 
and  hearts  of  three  earthworms  previously  exposed  to  infection  with 
eggs  and  larvae  of  Metastrongylus  elongatus  and  Choerostrongylus 
'pudendotectus.  Post-mortem  examinations  of  these  animals  showed 
the  following  results : 

Guinea  pig  8.  killed  August  2,  approximately  72  hours  after  experimental  in- 
festation. Mesenteric  lymph  glands  yielded  62  larvae ;  most  larvae  surrounded 
by  two  sheaths  and  1  larva  had  already  cast  off  both  sheaths.  Two  sheathed 
female  larvae  660//  and  675//  long  by  30//  wide;  esophagus  200/x  and  225//  long; 
vulva  15//- from  anus;  tail  41//  and  45//  long.  Larva  which  had  already  cast  off 
both  sheaths  was  700//  long  by  30//  wide;  esophagus  190//  long;  vulva  22//  from 
anus;  tail  45//  long.  Male  larvae  from  lymph  gland,  with  two  sheaths,  readily 
recognizable  by  inflated  posterior  portion  destined  to  form  bursa.  Lungs  had 
number  of  petechiae ;  of  3  female  larvae  recovered  from  lungs,  2  had  two 
.sheaths  each  and  1  had  already  cast  off  sheaths.  Sheathed  larvae  740//  long 
by  30//  wide;  esophagus  190//  long;  vulva  22//  from  anus;  tail  45//  long.  No 
larvae  in  blood  of  heart,  in  spleen,  pancreas,  or  liver. 

Guinea  pig  9.  died  August  10.  On  August  9  this  animal  showed  labored 
breathing,  suggestive  of  pneumonia.  On  post-mortem  examination  35  young 
fifth-stage  lungworms  recovered  from  lungs ;  others  present  in  these  organs  not 
removed.  Some  females  recognizable  as  Choerostrongylus  pudendotectus: 
others,  as  males  and  females  of  Metastrongylus  elongatus;  one  of  the  latter 
contained  two  shelled  eggs  in  uteri.  Measurements  of  young  fifth-stage  worms 
were  as  follows:  M.  elongatus:  One  male — length,  4.8  mm  ;  width,  98//;  width  of 
esophagus,  349//;  distance  of  nerve  ring  and  excretory  pore  from  anterior  end, 
152//  and  228/*,  respectively;  length  of  spicules,  approximately  1.68  mm.  Two 
females — length,  5.4  and  8.1  mm;  width,  83//  and  98//;  length  of  esophagus, 
380//  and  402// ;  distance  of  nerve  ring  from  anterior  end,  144//  and  197/* ;  dis- 
tance of  vulva  from  tip  of  tail,  91//  and  129//;  length  of  tail,  68/*  and  83//. 

Choerostrongylus  pudendotectus:  One  female — length,  4  mm ;  width,  106// : 
length  of  esophagus.  319// ;  distance  of  nerve  ring  from  anterior  end,  182// : 
distance  of  vulva  from  tip  of  tail,  182//. 

Guinea  pig  10,  died  August  9,  after  4:  30  p.m. ;  examined  August  10.  On  Au- 
gust 8  showed  respiratory  difficulty  suggestive  of  pneumonia  ;  on  post-mortem 
examination,  lungs  presented  mottled  appearance  and  contained  petechiae : 
microscopic  section  of  lungs  showed  congestion  of  blood  vessels  in  air  sacs 
and  blood  in  sacs;  lungworms  in  air  sacs.     No  larvae  in  mesenteric  lymph 
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glands  or  liver ;  42  lungworms  recovered  from  lungs ;  undetermined  number 
not  recovered.  Female  lungworms  well  advanced  in  development,  ovaries  being 
fairly  well  developed;  male  worms  had  well-formed  bursa  supported  by  rays. 
Largest  specimens  (1  male  and  1  female)  had  following  measurements:  Fe- 
male— length,  7  mm ;  width,  93,u ;  length  of  esophagus,  436/* ;  distance  of  nerve 
ring  and  excretory  pore  from  anterior  end,  200/t  and  280/*,  respectively ;  length 
of  tail,  78/i.  Male — length,  2.5  mm;  width,  62/x ;  length  of  esophagus,  275/t: 
length  of  spicules,  450/*. 

EXPERIMENT    4 

On  August  10,  1932,  each  of  two  guinea  pigs  was  fed  the  esophagi 
and  hearts  of  three  earthworms  previously  exposed  to  infection  wTith 
Choerostrongylus  pudendotectus  and  Metastrongylus  elongatus. 
These  animals  were  killed  with  the  following  results : 

Guinea  pig  11,  killed  September  7.  At  beginning  of  experiment  animal 
weighed  240  g;  prior  to  death,  227  g.  Posterior  portion  and  borders  of  lungs 
showed  thorough  consolidation  ;  2  well-developed  and  13  smaller  specimens  of 
female  Metastrongylus  elongatus  in  bronchus  of  right  lung.  All  worms  con- 
tained shelled  eggs  in  uteri,  but  none  were  embryonated ;  1  egg,  not  yet 
embryonated,  in  mucus  of  bronchus.  Worms  from  20  to  27  mm  long  by 
202/*  to  296/A  wide ;  esophagus  530/a  to  577/t  long ;  nerve  ring  300/i  to  311//.  from 
anterior  extremity ;  vulva  114/a  to  129/t  from  tip  of  tail ;  tail  83/t  to  114/i 
long.     No  specimens  of  Choerostrongylus  pudendotectus  were  found. 

Guinea  pig  12,  killed  September  10.  At  beginning  of  experiment  animal 
weighed  250  g ;  shortly  before  death  animal  was  emaciated  and  weighed  only 
200  g.  Prior  to  death,  respiration  was  labored,  fur  rough,  and  animal  barely 
moved  about.  On  post-mortem  examination,  upper  lobes  of  lungs  and  tips 
of  lower  lobes  were  consolidated ;  bronchi  contained  pus  in  which  25  females 
and  1  male,  all  adult  forms  of  Metastrongylus  elongatus.  were  found.  The 
females  contained  shelled  eggs,  not  embryonated,  in  uteri :  eggs,  53/*  to  57/* 
long  by  38//,  to  41/a  wide,  appeared  abnormal,  contents  being  shrunken.  Mea- 
surements of  worms  wore  as  follows:  Two  largest  females — length,  27  and 
29  mm;  width,  296/i  and  327/t ;  length  of  esophagus,  546/t  and  624/x ;  length  of 
tail,  78/*  and  91/t.  One  male — length,  14mm ;  width,  202/t ;  length  of  esophagus. 
405/t ;  length  of  spicules,  about  3.34  mm, 

DOGS 

On  August  5,  1932,  two  dogs,  about  1  month  old,  were  fed  6  and 
8  earthworms,  respectively,  which  had  been  previously  exposed  to 
an  infection  with  Metastrongylus  elongatus  and  (J hoerostrongylus 
pudendotectus.  Post-mortem  examination  of  these  animals  gave 
the  following  results: 

Dog  1,  fed  eight  earthworms,  died  August  24.  Five  lungworms,  Metastrongg- 
lus  elongatus,  recovered  from  bronchi ;  42  lungworms,  1  being  Choerostrongylus 
pudendotectus  and  the  others  M.  elongatus,  recovered  from  bronchioles;  all  lung- 
worms in  fifth  stage.  One  female  M.  elongatus  contained  eggs  in  uteri,  the  eggs 
being  in  the  one-  and  two-cell  stages ;  specimen  of  C.  pudendotectus,  a  female, 
had  well-developed  ovaries  and  genital  organs  but  contained  no  eggs  in  uteri. 
Interior  portion  of  right  lobe  of  lungs  completely  consolidated,  remaining  por- 
tions of  this  lobe  showing  scattered  hemorrhages  and  triangular  areas  of  con- 
solidation along  margins.  General  appearance  of  lungs  suggestive  of  broncho- 
pneumonia ;  bronchi  and  bronchioles  contained  pus. 

Dog  2,  fed  six  earthworms,  killed  September  6.  A  week  before  animal  was 
killed  it  coughed  considerably.  Fourteen  iungworms,  of  which  13  were 
Metastrongylus  elongatus  and  1  Choerostrongylus  pudendotectus,  were  found 
in  bronchi  and  bronchioles.  All  lungworms  recovered  were  females  8  to  17  mm 
long  by  109/t  to  187/*  wide ;  not  all  lungworms  were  recovered,  however,  since 
fragments  were  seen  in  press  preparations  of  lung  after  removal  of  parasites 
already  mentioned.  Posterior  lateral  borders  of  lungs  showed  consolidation; 
appearance  of  lungs  suggestive  of  broncho-pneumonia ;  bronchi  filled  with  pus 
in  which  2  lungworm  eggs  were  found ;  these  eggs,  as  well  as  those  in  uteri 
of  females,  not  embryonated. 
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OTHER   MAMMALIAN    HOSTS 


On  November  1,  1929,  one  earthworm  heavily  infested  with  larvae 
of  Metastrongylus  elongatus  and  Choerostrongylus  pudendotectus 
was  fed  to  a  white  rat.  Post-mortem  examination  of  this  experi- 
mental host  on  November  5  resulted  in  the  discovery  in  one  of  the 
mesenteric  lymph  glands  of  only  1  larva,  a  male,  with  the  2  sheaths 
of  the  final  molt. 

In  view  of  the  fact  that  Metastrongylus  elongatus  has  been  re- 
ported on  a  few  occasions  as  a  parasite  of  man,  an  experiment  was 
carried  out  to  determine  the  susceptibility  of  a  primate  to  an  in- 
fection with  this  lungworm.  On  March  3,  1931,  a  monkey,  Macaca 
lasiotis,  was  fed  several  hundred  infective  larvae  of  Metastrongylus 
elongatus,  obtained  from  an  earthworm  dissected  the  previous  day. 
The  monkey  was  killed  on  March  25  and  examined  for  evidence  of 
lungworm  infestation,  with  negative  results. 

On  August  10,  1932,  an  earthworm  which  had  been  infected  ex- 
perimentally with  swine  lungworms  and  which  harbored  infective 
larvae  was  fed  to  a  cat.  Post-mortem  examination  of  this  experi- 
mental animal  on  September  8  failed  to  disclose  the  presence  of 
lungworms. 


HATCHING  OF  EGGS  AND  LONGEVITY  OF  ARTIFICIALLY 
HATCHED  LARVAE 

The  infective  embryonated  eggs,  obtained  from  gravid  females, 
were  of  two  types,  namely,  thin  shelled  and  thick  shelled  (fig.  1). 
Thin-shelled  eggs  are  seldom  deposited,  since  observations  made  by 
the  writers  have  failed  to  disclose  the  presence 
of  thin-shelled  eggs  in  the  manure  of  infested 
swine.  The  thin-shelled  embryonated  egg  is  one 
in  which  shell  formation  is  as  yet  incomplete. 
The  thickening  of  the  shell  is  accompanied  by  a 
contraction,  and  this  produces  an  uneven,  some- 
what mammillated  surface  which  bears  a  resem- 
blance to  the  mammillated  albuminous  layer  of 
Ascaris  eggs. 

The  supposition  made  by  some  investigators, 
that  hatching  of  the  egg  may  occur  regularly 
while  it  is  on  its  way  out  of  the  host  animal,  was 
not  confirmed  in  the  course  of  this  investigation. 
Examinations  of  scrapings  from  the  tracheae 
and  bronchi  of  infested  swine  failed  to  reveal 
larvae,  but  nearly  always  showed  the  presence  of 
thick-shelled  eggs.  Furthermore,  in  the  numer- 
ous examinations  of  swine  manure  by  the  writers 
with  the  aid  of  the  Baermann  apparatus  and  in 
other  ways,  lungworm  larvae  were  found  in  only 
two  instances,  and  in  very  small  numbers.  On 
the  other  hand,  examination  of  manure  from  in- 
fested swine  by  the  salt  flotation  technic  revealed  the  characteristic 
lungworm  eggs  with  thick  shells,  an  observation  first  made  by  the 
junior  author,  and  later  confirmed  by  the  senior  author. 

Under  normal  conditions  the  eggs  of  lungworms  parasitic  in  swine 
are  eliminated  with  the  feces  of  the  infested  animals  and  do  not 
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Figure  1. — A,  Thin- 
shelled  egg  of  Meta- 
strongylus elongatus  ; 
B,  thick-shelled  egg 
of  M.    elongatus. 
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hatch  ordinarily  until  they  are  taken  into  the  bodies  of  susceptible 
earthworms,  while  the  latter  are  feeding  on  swine  manure  or  on  soil 
and  debris  contaminated  with  such  manure.  Experimentally,  earth- 
worms become  readily  infested  with  the  larvae  which  issue  from  the 
as  yet  incompletely  formed  (thin-shelled)  eggs.  These  larvae,  as 
noted  by  the  Hobmaiers  (£),  the  writers,  and  various  other  investi- 
gators, are  long-lived  in  water,  and,  as  observed  by  the  writers, 
appear  to  be  unaffected  by  putrefactive 
changes  which  might  take  place  in  this 
medium.  As  noted  by  the  senior  author, 
the  artificially  hatched  larvae  (fig.  2) 
usually  become  quiescent  in  water  and, 
after  a  few  days'  maintenance  in  that  me- 
dium, they  show  little  sign  of  activity  un- 
less stimulated  by  heat,  mechanical  pres- 
sure, or  in  some  other  way.  Since  the 
behavior  of  larvae  is  the  same  in  water 
and  soil,  the  larvae,  therefore,  are  not 
adapted  to  a  free-living  existence  in  soil, 
and  hatching  under  normal  conditions  is 
probably  accidental.  The  thick-shelled 
eggs  also  remain  viable  in  water  media  but 
do  not  hatch  even  after  prolonged  mainte- 
nance in  water  at  room  temperature. 

Among  the  unpublished  notes  left  by 
the  late  B.  H.  Ransom,  of  the  Bureau  of 
Animal  Industry,  are  data  which  have  a 
bearing  on  the  longevity  of  artificially 
hatched  swine  lungworm  larvae.  Two 
cultures  of  larvae,  one  in  water  and  the 
other  in  a  mixture  of  sterile  feces  and  char- 
coal, were  made  on  February  5  (year  not 
stated)  and  kept  at  room  temperature.  Examinations  of  these  cul- 
tures were  made  nearly  every  day.  As  late  as  March  21,  more  than 
5  weeks  after  the  cultures  were  started,  a  live  larva  was  found  in  the 
charcoal  culture.  Five  larvae  were  found  in  the  water  culture  as  late 
as  March  31.  On  April  3  this  culture  was  dry ;  water  was  added  to  it, 
but  the  larvae  were  all  dead  when  examined  on  April  5.  The  Hob- 
maiers (6)  maintained  larvae  of  Metastrongylus  elongatus  in  a 
moist  medium  for  3  months ;  the  larvae  were  alive  at  the  end  of  this 
period. 

The  further  development  of  embryos  present  in  infective  eggs  or 
of  artificially  hatched  larvae  which  remain  viable  can  take  place  only 
in  suitable  earthworm  hosts,  so  far  as  is  known. 


Figure  2. — Artificially  hatched 
lungworm  larvae  (species  un- 
determined) from  water  cul- 
tures maintained  at  room 
temperature.  (Original  figures 
prepared  by   B.   H.   Ransom.) 


SPECIES  OF  EARTHWORMS  IN  WHICH   SWINE  LUNGWORM 
LARVAE  DEVELOPED 

An  undetermined  number  of  species  of  earthworms  were  found 
naturally  infested  with  species  of  swine  lungworms,  and  several 
species  of  earthworms  were  experimentally  infected  with  the  larvae 
of  these  parasites.  However,  only  4  species  of  earthworms  involved 
in   this    investigation    were   authoritatively   determined    by    Frank 
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Smith,  formerly  of  the  University  of  Illinois;  3  species  were  deter- 
mined specifically,  and  1  was  determined  generically  only. 

The  specifically  determined  species  were  (1)  Helodrilus  foetidus 
(synonyms  Allolobophora  foetida  and  Eisenia  foetida),  an  earth- 
worm of  common  occurrence  in  manure,  compost  heaps,  and  in  soil 
rich  in  manure  and  other  decaying  matter;  (2)  H.  caliginosus  var. 
trapezoides  (synonym  A.  caliginosa  trapezoides) ,  which,  occurs  in 
practically  the  same  locations  as  H.  foetidus;  and  (3)  Lumibricus 
terrestris,  a  species  not  encountered  by  the  writers  on  animal  pastures 
but  readily  obtained  on  park  lawns,  especially  during  and  after 
heavy  rains.     These  three  species  belong  to  the  family  Lumbricidae. 

A  species  of  Diplocardia  (family  Megascolecidae),  collected  by 
H.  B.  Raffensperger,  in  charge  of  the  Bureau's  zoological  field  station 
at  Moultrie,  Ga.,  and  experimentally  infected  by  him  with  undeter- 
mined species  of  swine  lungworms,  could  not  be  determined  spe- 
cifically owing  to  the  fact  that  the  specimens  of  this  species  available 
to  the  writers  had  not  yet  attained  a  state  of  reproductive  activity. 
Specimens  of  these  experimentally  infected  earthworms  were  ex- 
amined by  the  writers,  and  second-stage  lungworm  larvae  were  iso- 
lated from  them.  Of  the  undetermined  earthworms  used  in  this  inves- 
tigation, one  species,  a  very  active  form  moving  in  quick,  serpentine 
fashion,  was  obtained  from  marshes  in  South  Carolina,  and  other 
species,  possibly  distinct  from  those  already  referred  to,  were  ob- 
tained on  temporary  pastures  in  Georgia  and  elsewhere.  Every 
species  of  earthworm  subjected  by  the  writers  to  an  experimental 
infection  with  any  of  the  three  species  of  swine  lungworms  proved  to 
be  a  suitable  host. 

Von  Schuckmann  and  Zunker  (12)  reported  that  Eisenia  foetida 
(synonym  of  Helodrilus  foetidus)  was  a  suitable  intermediate  host 
for  Metastrongylus  elongatus  and  Choerastrongylus  pudendotectus. 
These  writers  stated  also  that  although  larvae  of  swine  lungworms 
developed  in  Allolobophora  caliginosa  (synonym  of  H.  caliginosus) 
and  in  Lumbricus  terrestris,  many  were  destroyed  in  these  interme- 
diate hosts.  They  noted  further  the  failure  of  swine  lungworms  to 
develop  in  one  species  of  earthworm,  Bismatus  tenuis.  In  L.  rubel- 
Jus  Von  Schuckmann  and  Zunker  found  a  natural  infestation  with 
infective  lungworm  larvae. 

MIGRATION  OF  SWINE  LUNGWORMS  IN  THE  INTERMEDIATE  HOST 

The  three  species  of  swine  lungworms  showed  no  significant  differ- 
ence in  the  rate  of  their  development  or  in  the  details  of  their  migra- 
tions in  earthworms.  The  life  cycle  is  treated,  therefore,  as  a  unit  for 
the  most  part. 

On  being  ingested  by  suitable  earthworms  with  soil,  manure,  or  in 
other  ways,  the  eggs  hatch  and  the  larvae,  once  they  are  free  in  the 
lumen  of  the  alimentary  canal  of  the  intermediate  host,  penetrate  its 
wall.  It  is  possible  that  hatching  is  aided  by  mechanical  pressure  of 
particles  of  soil  against  the  shells.  Hatching  probably  takes  place 
very  soon  after  the  eggs  are  taken  in  by  earthworms,  presumably  in 
the  upper  part  of  the  alimentary  canal;  however,  this  point  has  not 
been  determined.  When  earthworms  are  exposed  to  soil  to  which  the 
artificially  hatched  larvae  or  thick-shelled  eggs  or  both  have  been 
added,  infestation  takes  place  readily. 
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The  larvae  accumulate  in  the  wall  of  the  esophagus  of  earthworms, 
especially  in  that  of  the  posterior  portion,  and  penetrate  occasionally 
the  wall  of  the  crop,  rarely  that  of  the  gizzard,  and  occasionally  that 
of  the  intestine.  The  larvae  probably  penetrate  the  wall  of  the  ali- 
mentary canal  soon  after  hatching,  but  whether  they  penetrate  the 
wall  of  the  esophagus  or  reach  their  locations  in  the  esophagus  by  up- 
ward migration  from  the  wall  of  the  intestine,  gizzard,  or  crop  has 
not  been  determined.  Whether  the  accumulation  of  larvae  in  the  wall 
of  the  lower  portion  of  the  esophagus  is  governed  by  chemotactic 
influences  or  can  be  explained  in  some  other  way  still  remains  to  be 
determined.  It  is  of  interest  to  note,  however,  that  the  wall  of  the 
esophagus  of  earthworms  is  well  supplied  with  blood  vessels,  and,  as 
noted  by  the  writers,  the  region  where  lungworm  larvae  tend  to 
accumulate  appears  to  be  highly  vascular.  On  the  other  hand,  it 
must  not  be  overlooked  that,  though  the  wall  of  the  pharynx  of 
earthworms  is  also  highly  vascular,  no  larvae  were  encountered  in 
this  location. 

The  path  of  migration  of  the  larvae  from  the  wall  of  the  esopha- 
gus, crop,  and  intestine  to  the  blood  vessels  has  not  been  definitely 
traced.  It  has  been  observed,  however,  as  shown  in  the  protocols, 
that  the  occurrence  of  larvae  in  the  dorsal  blood  vessel  and  their 
accumulation  in  the  hearts  usually  take  place  subsequent  to  their 
accumulation  in  the  wall  of  the  alimentary  canal ;  in  the  latter  loca- 
tion the  larvae  can  and  do  develop  to  the  infective  stage,  as  shown 
in  figure  3.  Heavy  infections  with  larvae  in  the  wall  of  the  esopha- 
gus, together  with  the  absence  of  larvae  in  blood  vessels,  have  been 
noted  in  naturally  infested  earthworms  as  well  as  in  those  experi- 
mentally infected.  Migration  of  larvae  from  the  wall  of  the  intes- 
tines to  the  blood  vessels  appears  to  be  an  accidental  occurrence 
rather  than  an  essential  part  of  the  migrations  of  the  larvae  in  the 
intermediate  host.  In  Lumbricus,  the  dorsal  blood  vessel  lies  on 
the  alimentary  canal,  adherent  to  the  intestine  in  its  entire  length, 
except  in  the  region  of  the  hearts;  since  this  blood  vessel  receives 
blood  from  other  vessels,  the  transfer  of  lungworm  larvae  from  the 
wall  of  the  intestine  to  the  lumen  of  the  dorsal  blood  vessel  can 
result  either  from  the  migration  of  larvae  in  the  blood  stream  or 
from  their  active  penetration  into  that  blood  vessel.  Since  the 
blood  in  the  dorsal  vessel  flows  forward,  it  would  naturally  carry 
along,  sooner  or  later,  larvae  which  might  enter  it.  From  the  dorsal 
blood  vessel  the  blood  enters  the  ventral  vessel  through  the  hearts, 
and  this  naturally  explains  the  accumulation  of  the  larvae  in  the 
latter  locations  (fig.  4).  The  larvae  are  probably  arrested  in  the 
hearts  by  the  valves  and  are  thus  prevented  from  entering  the 
ventral  blood  vessel,  in  which  the  blood  flows  in  a  backward  direc- 
tion. This  explains,  probably,  the  rather  rare  occurrence  of  larvae 
in  the  ventral  blood  vessel.  Figure  5,  a  diagrammatic  sketch  of  an 
experimentally  infected  earthworm,  dissected  to  show  the  distribu- 
tion of  larvae  in  various  locations,  gives  a  graphic  view  of  the  actual 
findings  in  the  case  of  one  experimental  infection  involving  Meta- 
strongylus  elongatus.  The  actual  number  of  larvae  found  and  their 
location  and  distribution  are  reproduced  in  this  illustration. 

Yon  Schuckmann  and  Zunker  {12)  expressed  the  view  that  lung- 
worm larvae  do  not  linger  in  the  wall  of  the  alimentary  canal  but 
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migrate  to  the  blood  vessels  almost  immediately  after  penetrating 
the  wall  of  the  esophagus,  a  view  which  is  out  of  harmony  with  the 
data  presented  in  this  bulletin.    Figure  3  shows  a  very  heavy  infesta- 


Figure  3. — Portion  of  the  posterior  half  of  the  esophagus  of  an  earthworm1  (press 
preparation)  showing  lungworm  larvae  embedded  in  esophageal  wall.  The  earthworm 
was  found  naturally  infested  with  undetermined  species  of  swine  lungworms.      X75. 

tion  of  lungworm  larvae  in  the  Avail  of  the  esophagus  of  an  earth- 
worm naturally  infested  with  these  parasites ;  the  larvae  in  question 
were  in  the  infective  (third)  stage. 

MOLTING  OF  LARVAE  IN  THE  INTERMEDIATE   HOST 

Growth  and  development  of  the  larvae,  accompanied  by  two  molts, 
take  place  in  the  wall  of  the  intestine  and  can  take  place  also  in  the 
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blood  vessels  of  the  intermediate  host.  As  shown  in  the  protocols 
and  elsewhere  in  this  bulletin,  first-stage  larvae,  when  hatched  arti- 
ficially, are  less  than  400/a  long;  these  larvae  attain  a  length  up  to 
540/x  before  molting. 

The  two  molts  occur  in  rather  rapid  succession.  In  one  series  of 
experiments  with  Metastrongylus  elongatus,  carried  out  in  August, 
the  first  molt  was  observed  as  early  as  the  ninth  day  after  exposure 
of  earthworms  to  eggs  and  larvae  of  this  parasite  (fig.  6,  J.),  and  the 


Figure  4. — One  of  the  hearts  of  an   earthworm  with   lungworm  larvae.   Metastronf/ylus 
elonyatus,   inside.     Infection    produced    experimentally.      X225. 

second  molt  was  observed  the  next  day  (fig.  6,  B).  In  another  series 
of  experiments,  carried  out  in  October,  larvae  obtained  from  an 
earthworm  12  days  after  exposure  of  the  intermediate  host  to  infec- 
tion, had  not  yet  undergone  the  first  molt;  however,  3  days  later, 
or  15  days  after  exposure,  one  earthworm  contained  larvae  with 
the  loose  sheath  of  the  first  molt.  In  another  earthworm  involved 
in  this  experiment,  no  larvae  were  found  in  the  second  molt  until 
the  seventeenth  day  after  it  had  been  exposed  to  infection.  In 
another  series  of  experiments,  also  involving  Metastrongylus  elon- 
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Figure  6. — A,  Sections  of  Metastron- 
gylu*s  elongatus  larva  in  first 
molt :  Left,  anterior  portion ; 
right,  posterior  portion.  B,  Sec- 
tions of  M.  elonfjatus  larva  in 
second  molt :  Left,  anterior  por- 
tion ;   right,   posterior   portion. 
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Figure  7. — A,  Sections  of  Choero- 
strongylus  pu-dendotectus  larva  in 
first  molt :  Left,  anterior  portion  ; 
right,  posterior  portion.  B,  An- 
terior portion  of  G.  pudcndotectus 
larva  in  second  molt. 


Figure  5. — Anterior  portion  of  an 
earthworm  showing  locations  of 
lungworm  larvae,  Metastrongylus 
elongatus,  in  wall  of  intestine  and 
in  circulatory  system :  c,  Crop ;  dv, 
dorsal  hlood  vessel ;  es,  esophagus ; 
flr,  gizzard ;  h,  heart;  int.  intestine; 
pn,  pharynx ;  vv,  ventral  blood 
vessel. 
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Figure  8. — Anterior  portion  of  in- 
fective (third-stage)  larva  of 
Metastrongylus  elongatus  with 
the  sheath  of  only  the  second 
molt   present. 
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gatus,  carried  out  in  October,  second-  and  third-stage  larvae  were 
found  12  days  after  the  earthworms  had  been  exposed  to  infection. 
In  one  series  of  experiments  with  Metastrongylus  elongatus,  carried 
out  during  November  and  December,  second-  and  third-stage  larvae 
were  found  in  earthworms  14  days  after  these  intermediate  hosts  had 
been  exposed  to  infection. 

In  an  experiment  involving  Choerostrongylus  pudendotectus, 
second-stage  larvae  still  in  the  first  molt  were  encountered  17  days 
after  the  earthworm  had  been  exposed  to  infection  (fig.  7,  A).  In 
another  experiment  with  this  species,  carried  out  in  November  and 
December,  third-stage  larvae  were  encountered  15  days  after  the 
earthworms  had  been  exposed  to  infection  (fig.  7,  B).  In  one  ex- 
periment with  C  hoerostrongylus  pudendotectus  carried  out  in  April, 
third-stage  larvae  were  found  14  days  after  the  intermediate  host 
had  been  exposed  to  infection. 

In  one  experimental  infection  of  earthworms  with  Metastrongylus 
salmi,  carried  out  during  the  summer  of  1933,  first-stage  larvae  were 
found  in  the  wall  of  the  posterior  portion  of  the  esophagus  about 
30  hours  after  the  earthworms  had  been  exposed  to  infection;  on 
the  thirteenth  day  after  exposure  larvae  in  the  first  molt  were  found 
in  the  wall  of  the  esophagus;  2  days  later  larvae  with  2  sheaths  were 
found  in  the  same  location  in  another  earthworm;  18  days  after 
exposure,  1  earthworm  contained  larvae  enveloped  in  1  sheath,  that 
of  the  second  molt,  the  larvae  being  located  in  the  wall  oi  the 
esophagus  and  in  the  hearts. 

It  appears,  from  these  data,  that  the  development  of  swine  lung- 
worms  in  earthworms  varies  to  some  extent  with  the  temperature 
of  the  surrounding  medium,  development  being  more  rapid  in  warm 
weather  than  in  cool  weather  in  some  cases,  and  that  the  second 
molt  commences  within  a  day,  or  a  little  later,  after  the  first  molt 
has  become  evident. 

As  with  other  molting  nematode  larvae,  the  separation  of  the 
cuticle  from  the  body  is  seen,  at  first,  in  the  head  and  tail  regions 
(figs.  6  and  7) .  The  sheath  of  the  first  molt  is  apparently  not  cast 
off  before  that  of  the  second  molt  has  become  separated  from  the  body 
of  the  larva,  these  points  being  clearly  brought  out  in  figures  SB,  7B, 
and  102?.  Larvae  with  the  sheaths  of  the  molts  still  adhering  to  them 
were  commonly  encountered  in  the  course  of  this  study,  as  shown  in 
the  protocols.  However,  either  during  or  after  the  completion  of  the 
second  molt,  the  sheath  of  the  first  molt  is  discarded,  and  the  infective 
third-stage  larva  is  now  surrounded  by  one  sheath,  that  of  the  second 
molt  (fig.  8).  The  differentiation  of  second-  and  third-stage  larvae, 
when  only  one  sheath  is  present,  is  not  difficult,  since  the  anterior  end 
of  the  first  sheath  is  conical,  whereas  that  of  the  second  sheath  is 
truncated  and  characterized  by  liplike  structures. 

During  the  process  of  growth  and  metamorphosis,  accompanied  by 
molting,  the  larvae  continue  to  increase  in  size,  those  of  Metastrongy- 
lus elongatus  attaining  a  length  of  685/x  when  infective,  those  of 
C  hoerostrongylus  pudendotectus,  so  far  as  observed,  attaining  a 
length  of  625/x  when  infective.  M.  salmi,  of  which  only  one  experi- 
mental infection  was  made,  attained  a  length  of  630^  as  an  infective 
larva. 
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DESCRIPTIONS  OF  DEVELOPMENTAL  STAGES  OF  LUNGWORMS  IN 
THE  INTERMEDIATE  HOST 

METASTRONGYLUS   ELONGATUS 


Eggs  eliminated  with  the  manure  of  infested  swine  and  ingested 
by  earthworms  are  45//,  to  57/*  long  by  38/*  to  41/*  wide  (fig.  1,  B), 
elliptical  in  shape,  thick  shelled,  and  contain  an  embryo  enclosed  in 
a  vitelline  membrane;  the  surface  of  the  shell  is  roughened.  Thin- 
shelled  embryonated  eggs  (fig.  1,  A)  present  in  the  uteri  are  also 
capable  of  infecting  earthworms;  these  eggs  are  87/*  to  100/*  long  by 
72/*  to  91/*  wide.  The  shells  are  very  permeable  to  water  and  swell 
considerably  in  water  cultures  before  the  larvae  hatch. 

FIRST-STAGE  LARVAE 

Artificially  hatched  first-stage  larvae  (fig.  9,  A)  are  from  275/*  to 
305/*  long  by  12/*  wide.  The  anterior  end  is  blunt  and  somewhat 
narrowed;  the  posterior  end,  also  somewhat  narrowed,  is  character- 
istically coiled  and  bent  ventrad.  Except  for  narrowing  at  the  ends, 
the  body  of  a  typical  larva  is  more  or  less  uniform  in  diameter.  The 
esophagus  is  from  114/*  to  117/*  long,  with  a  double  swelling;  the 

excretory  pore  posterior  to 
first  swelling  is  approxi- 
mately 75/*  from  the  ante- 
rior end.  The  intestine  is 
dark  and  granular  in  con- 
trast to  the  distinctly 
lighter  esophagus;  the  rec- 
tum is  well  marked  off 
from  the  intestine. 

The  first-stage  larvae  in 
the  Avail  of  esophagus  usu- 
ally, and  in  hearts  occa- 
sionally, grow  and  attain  a 
length  of  from  about  500/* 
to  540/*.  Figure  9,  B  shows 
a  first-stage  larva  obtained 
from  one  of  the  hearts  of 
an  earthworm  6  days  after 
exposure  of  the  interme- 
diate host  to  eggs  and  larvae.  This  larva,  approximately  500/* 
long,  has  a  club-shaped  esophagus  about  115/*  long;  the  nerve  ring 
is  posterior  to  the  middle  of  the  esophagus,  and  the  excretory  pore 
is  slightly  posterior  to  the  nerve  ring.  The  intestine  is  dark  and 
granular,  in  contrast  to  the  light  esophagus;  the  rectum  is  well 
marked  off  from  the  intestine;  the  tail  is  short  and  still  character- 
istically coiled  and  bent  ventrad. 

SECOND-STAGE    LARVAE 

In  the  second  stage  (fig.  10,  A)  the  larva  is  surrounded  by  a 
sheath  which  is  conical  at  its  anterior  end.  Larva,  exclusive  of 
sheath,  is  about  550/*  to  650/*  long  by  26/*  to  28/*  wide,  more  or  less 
truncated  at  the  anterior  end,  and  attenuated  toward  the  posterior 
end.    The  esophagus  is  more  or  less  club-shaped,  125/*  to  160/*  long; 
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Figure  9. — A,  Artificially  hatched  larva  of  Meta- 
stronffylus  elongatus  from  water  culture  main- 
tained at  room  temperature,  showing  morpho- 
logical details.  B,  First-stage  larva  of  M.  elon- 
cratus  from  one  of  the  hearts  of  an  earthworm  6 
days   after  experimental   infection. 
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with  the  anterior  swelling  less  distinct  than  in  the  first  stage.  The 
nerve  ring  is  about  75/u,  from  the  anterior  end;  excretory  pore 
slightly  posterior  to  nerve  ring;  intestine  of  more  or  less  uniform 
width.  The  genital  primordium  is  about  320/u,  to  350>  from  the  an- 
terior end,  its  location  being  posterior  to  the  middle  of  intestine, 
dividing  latter  into  two  parts  having  an  approximate  ratio  of  4  to 
3.  The  rectum  is  about  35/x  long;  the  tail,  slightly  notched,  from 
35/a  to  6G>  long. 

THIRD- STAGE    LARVAE 

The  early  third-stage  larva  (fig.  10,  B)  has  the  sheath  of  the  first 
and  second  molts;  infective  third-stage  larva  (fig.  10,  C)  is  sur- 
rounded by  the  sheath  of  the  second  molt,  truncated  at  anterior  end 
and  showing  two  characteristic  indentations,  giving  the  appearance 
of  lips.     Larvae  of  one  series,  obtained  from  an  earthworm  about  1 
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Figure  10. — Larva  of  Metastronfji/lii*  ctotitjatus:  A,  In  first  molt;  from  one  of  the 
hearts  of  an  earthworm  8  days  after  experimental  infection.  B,  In  second  molt; 
from  one  of  the  hearts  of  an  earthworm  9  days  after  experimental  infection.  C,  In- 
fective (third  stage)  ;  from  one  of  the  hearts  of  an  earthworm  9  days  after  experi- 
mental infection. 


month  after  experimental  infection,  had  the  following  measurements : 
Length,  650/u  to  685^;  width.  26/*;  length  of  club-shaped  esophagus, 
150/a  to  170/m;  distance  of  nerve  ring  and  excretory  pore  from  anterior 
end,  75/*  to  85/a  and  83/u,  to  91/u..  respectively ;  length  of  tail,  40/x  to  60/x, 
which  tapers  gradually  and  usually  possesses  two  deep  notches  near 
its  end.  In  this  series,  the  excretory  pore  of  the  larva  led  into  long 
excretory  glands  extending  to  posterior  portion  of  larva ;  the  genital 
primordium  was  posterior  to  middle  of  intestine.  The  measurements 
of  another  series  of  infective  third-stage  larvae  are  given  in  table  1. 

Table  1. — Principal  measurements  of  10  third-stage   (infective)    larvae  of 
Met  a  strong  ylus  elongatus 


Item 


Length  of  body 

Maximum  width  of  body 

Length  of  esophagus 

Distance  from  excretory  pore  to  anterior 

end 

Distance  from  genital  primordium  to 

anterior  end 

Length  of  tail 


Measurements,  in  microns,  of  larva  no. 


625 

170 

83 

360 
50 


26 

170 


375 
50 


630 
86 
170 


685 
26 
170 

91 

365 
50 


625 
26 
150 


350 
50 


640 
26 
170 

91 

365 


625 
26 
170 

91 

360 
50 


685 
26 
180 

91 


40 


625 
26 
170 


355 
50 


26 
170 


360 
45 


26        TECHNICAL    BULLETIN    4  5  6,    U.S.    DEPT.    OF    AGRICULTURE 

CHOEROSTRONGYLUS    PUDENDOTECTUS 

EGGS 

Thick-shelled  eggs  are  60/*,  to  64/*  long  by  43/*  to  45/*  wide,  similar 
in  shape  and  general  appearance  to  those  of  Metastrongylus  elon- 
gatus. Thin-shelled  eggs  from  uterus  are  91/*  to  106/x  long  by  80/*  to 
99/*  wide,  also  similar  in  shape  to  those  of  M.  elongatus. 

FIRST-STAGE   LARVAE 

Artificially  hatched  larvae  are  325/*  to  375/*  long  by  15/*  wide 
(fig.  11,  A),  similar  to,  those  of  Metastrongylus  elongatus.  The 
esophagus  is  125/*  to  130/*  long;  the  nerve  ring  slightly  posterior  to 
commencement  of  last  third  of  esophagus.     Growth  takes  place  as 
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Figure  11. — Larva  of  Choerwtrongylus  pndendotectus:  A,  Just  after  hatching  from  thin- 
shelled  egg ;  B,  first  stage,  from  esophageal  wall  of  earthworm  7  days  after  experi- 
mental infection  ;  C,  infective  (third  stage)  15  days  after  experimental  infection  of 
earthworm. 

in  M.  elongatus,  the  larvae  (fig.  11,  B)  attaining  a  length  of  about 
525/*  at  the  beginning  of  the  first  molt. 

SEOOND-STAGE  LARVAE 

The  second-stage  larvae  are  similar  in  measurements  to  those  of 
Metastrongylus  elongatus,  being  590/*  to  630/*  long  by  26/*  to  28/* 
wide;  esophagus  136/*  to  160/*  long;  nerve  ring  and  excretory  pore 
72/*  to  76/*  and  79/*  to  87/*,  respectively,  from  anterior  end;  genital 
primordium  340/*  to  355/*  from  anterior  end ;  tail  45/*  to  50/*  long. 

THIRD-STAGE  LARVAE 

The  third-stage  larvae  (fig.  11,  C)  are  similar  to  those  of  Meta- 
stronglus  elongatus.  One  series  of  larvae  had  the  following  meas- 
urements: Length,  600/*  to  625/*;  width,  26/*;  length  of  esophagus, 
160/*  to  190/* ;  distance  of  nerve  ring  and  excretory  pore  from  anterior 
end,  75/x  to  82/*  and  84/*  to  87/*,  respectively;  distance  of  genital 
primordium  from  anterior  end,  350/*  to  390/*;  length  of  tail,  55/*  to 
C2/*,  usually  with  two  indistinct  notches  at  the  posterior  end.  Typi- 
cal variations  in  morphology  of  tail  are  shown  in  figure  12.  An- 
other series  of  measurements  involving  10  larvae  is  given  in  table  2. 
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Principal  measurement*  of  10  third-stage   {infective)    larvae  of 
Choerostrongylus  pudendotectus 


Item 

Measurements,  in 

microns,  of  larva  no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

630 

26 
170 

91 

365 
60 

585 
26 
170 

87 

335 
55 

610 
26 
165 

85 

350 
55 

600 
26 
170 

85 

350 
55 

615 
26 
180 

87 

355 
60 

565 
26 
155 

91 

315 
55 

580 
26 
160 

83 

345 
55 

600 
26 

175 

83 

300 

60 

570 
26 
160 

86 

320 

55 

625 

26 

Length  of  esophagus •_  _     

Distance  from  excretory  pore  to  anterior 
end     ------  

165 
91 

Distance  from  genital  primordium  to 

357 

62 

METASTRONGYLUS 

EGGS 

SALMI 

The  thick-shelled  eggs  are  43/*  to  57/*  long  by  38/*  to  41/*  wide,  sim- 
ilar in  shape  and  general  appearance  to  those  of  the  other  two  species. 
The  thin-shelled  eggs  are  72/*  to  86/*  long  by  53/*  to  60/*  wide. 


FIRST-STAGE    LAKVAE 


Only  a  few  artificially  hatched  first-stage  larvae  were  measured; 
these  were  275/*  to  295/*  long  by  12/*  wide.  These  larvae  are  similar 
to  those  of  the  other  two  species  and,  like  the  latter,  increase  in  size 
as  they  develop  in  earthworms,  attaining  a  length  of  500/*  to  525/* 

and  a  width  of  22/*  to  26/*  at  the 
beginning  of  the  first  molt.  At 
this  time  the  esophagus  is  from 
120/*  to  130/*  long;  nerve  ring  and 
excretory  pore,  60/*  to  70/*  and  72/* 
to  78/*,  respectively,  from  anterior 
end;  genital  primordium,  280/*  to 
285/*  from  anterior  end;  tail,  38/* 
to  45/*  long. 


SEOOND-STAGE    LARVAE 


Figcbb  12. — Tails  of  two  infective  larvae  of 
Choero8tronyylU8  pudendotectus  show- 
ing variations  in  structure :  A,  Tail 
with  two  indentations  ;  B,  tail  with  one 
indentation. 


The  second-stage  larvae,  like 
those  of  the  other  two  species, 
differ  but  slightly  from  the  fully 
grown  first-stage  larvae.  At  the 
beginning  of  the  second  molt  the  larvae  are  550/x  to  610/n  long  by  26/* 
to  28/*  wide ;  esophagus,  145/*  to  160/*  long ;  nerve  ring  and  excretory 
pore,  68/*  to  72/*  and  78/*  to  80/*,  respectively,  from  anterior  end; 
genital  primordium,  290/*  to  330/*  from  anterior  end ;  tail,  48/*  to  50/* 
long. 


THIKD-STAGE   LARVAE 


The  infective  larvae  are  from  550/*  to  630/*  long  by  26/*  wide; 
esophagus,  150/*  to  175/*  long;  nerve  ring  and  excretory  pore,  64/*  to 
72/*  and  72/*  to  80/*,  respectively,  from  anterior  end;  genital  pri- 
mordium, 300/*  to  345/*  from  anterior  end;  tail.  40/*  to  50/*  long, 
resembling  in  shape  that  of  Choerostwngylus  pudendotectus. 
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NATURAL   INFESTATIONS    OF   EARTHWORMS   WITH    LUNGWORM 
LARVAE  AND  DISTRIBUTION  OF  EARTHWORMS 

As  shown  in  the  protocols,  individual  earthworms,  naturally  in- 
fested, have  been  found  to  harbor  in  some  instances  infestations  as 
heavy  as  or  heavier  than  those  produced  as  a  result  of  experimental 
exposure  to  infective  material.  Of  the  naturally  infested  earth- 
worms which  were  dissected  in  the  course  of  this  investigation,  only 
two  species,  Helodrilus  foetidus  and  H.  caliginosus  var.  trapezoides, 
were  definitely  identified;  other  species  may  have  been  involved. 
As  already  noted,  Von  Schuckmann  and  Zunker  (12)  observed  nat- 
ural infestations  in  Lumbricus  rubellus. 

As  in  the  case  of  experimentally  infected  earthworms,  the  larvae 
in  natural  infestations,  as  observed  by  the  writers,  were  present,  for 
the  most  part,  in  the  wall  of  the  upper  portion  of  the  alimentary 
canal,  especially  in  that  of  the  posterior  half  of  the  esophagus; 
larvae  were  found  in  the  hearts  also  in  some  cases.  In  a  few  instances 
larvae  were  found  in  a  state  of  disintegration".  The  assignment  of 
the  latter  to  one  of  the  species  of  swine  lungworms  appears  to  be 
justified,  however,  in  view  of  their  location  either  in  the  wall  of  the 
alimentary  canal  or  in  the  hearts.  It  is  worth  noting  in  this  con- 
nection, that  Cori  (3)  described  a  nematode  from  the  ventral  blood 
vessel  of  Lumbricus  terrestris.  According  to  Cori,  the  larval  worms 
in  question  were  found  exclusively  in  the  ventral  blood  vessel  through- 
out its  entire  length,  a  location  in  which  swine  lungworm  larvae 
were  rarely  encountered.  Aside  from  the  difference  in  location,  the 
larvae  from  the  ventral  blood  vessel  of  L.  terrestris  were  from  3  to 
4  mm  long  by  100/a  wide,  and  attenuated  at  each  end;  the  tail  was 
160/x  long  and  terminated  in  a  knoblike  tip.  On  the  basis  of  this 
description,  the  possibility  that  these  larvae  were  developmental 
stages  of  any  of  the  species  of  swine  lungworms  can  be  definitely 
excluded.  Cori  regarded  these  larval  worms  as  being  the  immature 
stages  of  a  spirurid,  Spiroptera  turdi  Molin. 

Another  nematode  from  the  ventral  blood  vessel  of  earthworms 
was  described  by  Friedlaender  (4)  under  the  name  Lumbricicola 
vasorum.  This  form  was  studied  in  section  only.  Whether  it  repre- 
sents a  species  distinct  from  that  described  by  Cori,  or  whether  the 
two  are  identical,  cannot  be  determined  from  available  information. 
Other  nematodes  which  occur  in  earthworms  can  be  readily  differ- 
entiated from  the  larval  forms  discussed  in  this  bulletin  on  the  basis 
of  morphology  and  location  within  the  body  of  the  oligochaete  host. 

Incidental  observations  on  the  abundance  and  distribution  of  earth- 
worms on  hog  pastures  and  elsewhere  showed  that  these  annelids,  at 
least  the  two  identified  species  which  were  found  to  be  naturally 
infested,  were  rare  or  practically  absent  from  fields  which  had  been 
under  frequent  cultivation,  that  they  were  not  common  in  fields  cov- 
ered with  carpet  grass  or  other  thick  grass,  and  that  they  were  prac- 
tically absent  from  loose,  dry,  sandy  soils.  When  earthworms  were 
encountered  in  cultivated  fields,  they  were  usually  found  in  the  lower 
parts  of  pastures,  especially  along  the  fences. 

Earthworms  were  found  in  abundance  in  uncultivated  lots  con- 
taining humus,  in  pine  woods  containing  a  rich  and  somewhat  loose 
soil,  in  and  about  manure  from  various  animals,  especially  that  from 
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horses,  cows,  and  pigs.  Although  a  moist  soil  was  found  to  be  a 
favorite  location  for  earthworms,  a  very  wet  or  marshy  soil  appeared 
to  be  a  rather  unfavorable  habitat  for  these  annelids. 

MIGRATION    OF   METASTRONGYLUS    ELONGATUS   AND    CHOERO- 
STRONGYLUS   PUDENDOTECTUS   IN   THE   DEFINITIVE   HOST 

In  view  of  the  comparative  scarcity  of  Metastrongylus  salmi  in 
swine,  this  species  was  not  involved  in  experiments  on  the  migration 
or  development  of  lungworms  in  mammalian  hosts.  As  noted  in  con- 
nection with  the  development  and  migration  of  lungworms  in  the 
intermediate  host,  no  differences  were  detected  in  these  respects  in 
the  species  M.  elongatus  and  Choerostrongylus  pudendotectus  in  the 
definitive  host,  and  the  topic  is  therefore  treated,  except  as  otherwise 
noted,  as  a  unit. 

Following  the  ingestion  by  swine,  or  other  suitable  hosts,  of  earth- 
worms harboring  infective  lungworm  larvae,  these  larvae,  freed 
from  the  intermediate  host  tissue  by  the  process  of  digestion,  evi- 
dently penetrate  the  wall  of  the  intestine  and  on  reaching  the  lymph 
spaces,  follow  the  course  of  the  lymph  stream.  This  inference  is 
justified  in  view  of  the  accumulation  of  larvae  in  the  mesenteric 
lymph  glands,  especially  in  those  of  the  large  intestine,  and  more 
particularly  in  the  lymph  glands  near  the  cecum.  This  observation 
is  in  agreement  with  the  observations  of  the  Hobmaiers,  (5,  6)  and 
of  Von  Schuckmann  and  Zunker  (12).  Although  larvae  were  not 
encountered  in  the  liver  of  pigs,  observations  in  harmony  with  those 
of  the  Hobmaiers  (5)  and  of  Von  Schuckmann  and  Zunker,  they 
were  encountered  in  two  instances  in  the  liver  of  guinea  pigs,  only 
a  single  larva  being  found  in  each  case.  Evidently  the  liver  is 
only  exceptionally  invaded  by  the  larvae. 

The  larvae  encountered  in  the  mesenteric  lymph  glands  1  or  more 
days  after  experimental  infection,  probably  succeed  in  extricating 
themselves  from  this  location  and  ultimately  reach  the  venous  sys- 
tem by  way  of  the  thoracic  duct.  From  the  venous  system  the  larvae 
naturally  get  to  the  lungs  by  way  of  the  right  side  of  the  heart  and 
the  pulmonary  arteries.  Whether  the  larvae  encountered  in  the 
liver  of  the  guinea  pig  reached  this  organ  by  entering  the  venules 
of  the  intestine  or  those  of  the  lymph  glands  cannot  be  stated  on  the 
basis  of  available  information.  In  either  case,  the  larvae  could 
reach  the  liver  by  way  of  the  portal  vein.  Whether  the  larvae 
could  extricate  themselves  from  the  liver  through  the  capillary  cir- 
culation and  enter  the  hepatic  veins  has  not  been  determined  in 
view  of  their  scarcity  in  the  liver.  The  Hobmaiers  (6)  expressed 
the  view  that  swine  lungworm  larvae,  because  of  their  size,  could 
not  get  through  the  capillary  network  of  the  liver. 

The  larvae  that  reached  the  lungs  presumably  bored  through  the 
walls  of  the  capillaries  and  entered  the  alveolar  spaces.  Micro- 
scopic sections  of  the  lungs  of  an  experimentally  infected  guinea 
pig  showed  congestion  of  the  blood  vessels  of  the  air  sacs  and  the 
presence  of  blood  and  larvae  within  the  alveoli,  facts  that  fit  in 
with  the  above  assumption.  From  the  alveolar  spaces  the  larvae, 
as  they  continue  to  grow,  would  naturally  have  to  migrate  to  the 
bronchioles,  and  in  small  experimental  animals,  such  as  guinea  pigs, 
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they  would  have  to  wander  up  the  bronchi.  In  swine,  lungworms 
are  located,  for  the  most  part,  in  the  bronchioles,  especially  in  those 
of  the  posterior  border  of  the  lungs.  They  also  occur  in  the  bronchi 
and  occasionally  in  the  trachea.  The  protocols  on  the  development 
of  lungworms  in  guinea  pigs  show  that  the  young  hmgworms  were 
recovered  from  the  bronchi. 

MOLTING  OF  LARVAE  IN  THE  DEFINITIVE  HOST 

In  guinea  pigs  as  well  as  in  pigs  the  two  final  molts  take  place 
in  rapid  succession.  In  guinea  pigs  killed  24  and  48  hours,  respec- 
tively, after  experimental  infection,  only  third-stage  larvae,  ad- 
vanced in  development  beyond  that  of  the  infective  stage  encountered 
in  earthworms,  were  found.  In  guinea  pigs  killed  72  hours  after 
experimental  infection,  larvae  with  two  sheaths,  those  of  the  third 
and  fourth  molts,  as  well  as  larvae  which  had  already  discarded 
these  sheaths,  were  discovered  in  the  lymph  glands  and  in  the  lungs. 
This  shows  that  the  fourth  molt  may  take  place  in  guinea  pigs  be- 
fore the  sheath  of  the  third  molt  has  been  discarded.  It  shows  fur- 
ther that  larvae  arrested  in  the  mesenteric  lymph  glands  of  these 
animals  undergo  the  last  two  molts  in  these  locations.  Probably  the 
shedding  of  the  two  sheaths  which,  no  doubt,  hinder  to  some  extent 
the  movements  of  the  larvae,  enable  the  latter  to  extricate  themselves 
from  the  lymph  glands  and  reach  their  preferred  location  in  the 
lungs. 

As  shown  in  the  protocols,  experimental  infections  of  pigs  with 
Metastrongylus  elongatus  and  Ghoerostrongylus  pvdendotectws,  re- 
spectively, yielded  results  similar  to  those  obtained  in  guinea  pigs. 
The  larvae  underwent  2  molts,  which  took  place  in  the  lymph  glands 
or  in  the  lungs.  Third-stage  larvae  advanced  in  development  be- 
yond that  of  the  infective  stage,  larvae  in  the  third  molt  and  those 
in  the  fourth  molt  with  the  sheaths  of  the  final  2  molts  still  present, 
were  encountered  in  pigs  3  days  after  experimental  infection.  These 
findings,  as  already  noted  elsewhere  in  this  bulletin,  are  not  in  har- 
mony with  the  observations  of  the  Hobmaiers  and  of  Von  Schuck- 
mann  and  Zunker,  who  noted  only  2  molts  in  the  course  of  the  de- 
velopment of  lungworms,  1  molt  in  the  intermediate  host  and  the 
other  in  the  definitive  host.  According  to  their  observations,  lung- 
worms pass  through  3  stages  and  2  molts,  whereas  the  data  presented 
in  this  bulletin  show  that  swine  lungworms,  in  common  with  other 
nematodes,  pass  through  5  stages  and  undergo  4  molts. 

The  development  of  lungworms  after  the  two  final  molts  involves 
further  growth  and  differentiation.  Although  pigs  killed  and  ex- 
amined 3  days  after  experimental  infection  contained  molting  larvae 
for  the  most  part,  pigs  killed  1  or  2  days  later  contained  larvae  which 
had  already  discarded  their  sheaths  and  were  in  the  fifth  stage. 
Molting  larvae  were  usually  less  than  70(V  long;  4-day-old  worms 
in  the  fifth  stage  were  from  750/x  to  somewhat  over  a  millimeter  long ; 
8-day-old  worms  were  from  2  to  4.2  mm  long,  the  smaller  worms 
being  males.  A  female  of  Metastrongylus  elongat/as  contained  what 
appeared  to  be  fully  embryonated  eggs  24  days  after  experimental 
infection  of  a  pig.     Although  these  worms  were  not  fully  grown, 
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the  presence  of  embryonated  eggs  in  the  uteri  showed  that  the  worms 
had  already  attained  fertile  maturity.  The  Hobmaiers  (5)  observed 
the  presence  of  fully  embryonated  eggs  in  swine  lungworms  30  days 
after  experimental  infection  of  pigs  and  before  the  female  worms 
liad  attained  full  growth. 

DESCRIPTIONS  OF  EARLY  DEVELOPMENTAL  STAGES  OF   LUNG- 
WORMS  IN  THE  DEFINITIVE  HOST 

METASTRONGYLUS  ELONGATUS 

FOURTH-STAGE   LARVAE  . 

Fourth-stage  larvae  cannot  be  differentiated  easily  on  morpholog- 
ical grounds  from  young  fifth-stage  worms.  Some  larvae  recovered 
from  the  mesenteric  lymph  glands  of  pigs  3  days  after  infection 
were  undergoing  the  third  molt  (fig.  13)  and  were,  therefore,  early 
fourth-stage  larvae.  These  larvae  had  the 
following  morphological  features:  Body 
relatively  stout,  530//.  to  575/x  long  by  30/* 
wide;  anterior  end  broadly  rounded,  pos- 
terior end  rather  attenuated  and  terminat- 
ing in  a  knoblike  process;  esophagus  club- 
shaped,  140/*  to  160/*  long;  nerve  ring  and 
excretory  pore  65/*  and  70/*,  respectively, 
from  anterior  end ;  tail  20/*  to  50/*  long,  the 
short-tailed  forms  probably  being  males. 
Sex  differentiation  becomes  more  evident, 
however,  in  older  fourth-stage  larvae. 
The  older  male  larvae  of  this  stage  have 
distended  tails,  indicating  the  beginning  of  /00M 

thp  formation  of  flip  bursa  •  fpmalp  larvae  Figure  13. — Larva  of  Meta- 
llie  iormdlion  OI  Uie  UUisa,   leilldie  ldl\d<  strongylu* ■  elongatus  in  third 

jjossess  the  pnmordium  of  the  future  vulva  moit.     From     mesenteric 

and  have  slender  tails.  One  advanced  after  expSimenta^^ifectionr 
fourth-stage  female  larva  recovered  from 

the  lungs  of  a  pig  5  days  after  experimental  infection  was  755/* 
long  by  31/*  wide;  the  primordium  of  the  vulva  was  51/*  from  the 
posterior  end. 

FIFTH-STAGE    WORMS 

As  alread}7  stated,  larvae  of  Metastrongylus  elongatus,  in  common 
with  those  of  Choerostrongylus  pudendotectus,  develop  rather  rap- 
idly in  the  final  host,  since  fairly  well-formed  fifth-stage  worms  were 
recovered  as  early  as  8  days  after  experimental  infection.  A  de- 
scription of  these  worms  follows :  Male — length,  2  to  3.4  mm ;  width, 
59/*  to  76/*;  body  slender,  slightly  tapering  anteriorly  and  of  same 
width  for  most  of  the  length;  esophagus  (fig.  14)  club-shaped,  249/* 
to  280/*  in  length;  bursa  (fig.  15)  well  formed,  but  its  rays  not  so 
well  defined  as  in  fully  developed  worm.  Female — length,  3.5  to 
4.2  mm ;  width,  65/*  to  78/* ;  body  slender,  slightly  tapering  anteriorly 
(fig.  16,  A)  and  more  so  posteriorly  (fig.  16,  B)  ;  esophagus  club- 
shaped,  327/*  in  length ;  vulva  opening  to  the  outside,  23/*  from  anal 
opening  and  69/*  to  76/*  from  posterior  end;  tail  digitiform,  46/*  to 
53/*  in  length. 
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CHOEROSTRONGYLUS    PUDENDOTECTUS 

FOURTH-STAGE    LARVAE 


In  view  of  the  fact  that  in  the  larvae  studied  the  fourth  molt  was 
already  in  evidence  before  the  sheath  of  the  third  molt  had  been 
discarded,  it  was  practically  impossible  to  separate  the  fourth  from 
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Figure  14. — Anterior  portion  of  young 
male  Metastrongylus  elongatus  from 
one  of  the  bronchi  of  a  pig  8  days 
after  experimental  infection. 
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Figure  15. — Bursa  of  male  Metastron- 
gylus elongatus  recovered  from  one 
of  the  bronchi  of  a  pig  8  days  after 
experimental  infection :  A,  Bursa 
spread  out ;  B,  bursa  in  lateral  view. 


Figure  16. — Portions  of  female  Meta- 
strongylus elongatus  recovered  from 
one  of  the  bronchi  of  a  pig  8  days 
after  experimental  infection :  A,  An- 
terior  portion  ;    B,  posterior   portion. 


the  young  fifth  stage  on  morphological  grounds.  The  following 
description  is  that  of  fourth-stage  larvae  at  the  beginning  of  the 
last  molt  (fig.  17,  J.),  the  larvae  in  question  being  surrounded  by  two 
sheaths.  Males — length,  624/x  to  628/x;  maximum  width,  32/a  to  34/a; 
body  slender  and  of  same  width  for  most  of  length;  anterior  end 
rounded,  posterior  portion,  destined  to  form  bursa,  distended;  esopha- 
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Figure  17. — A,  Fourth-stage  male  larva  of  Choerostronc/ylus  pudendotectus  showing 
beginning  of  fourth  molt.  B,  Female  larva  of  C.  pudendotectus  with  sheaths  of  two 
linal  molts ;  one  sheath  was  discarded  while  larva  was  under  observation.  Both 
larvae  from  mesenteric  lymph  gland  of  pig  3  days  after  experimental  infection. 


gus  club-shaped,  180/*  to  190/a  in  length;  nerve  ring  and  excretory 
pore  72/x  to  76/w,  and  87/*  to  91/x,  respectively,  from  anterior  end;  tail 
distended  posteriorly  and  showing  several  indis- 
tinct lines  and  folds,  indicating  the  future  bursal 
lobes  and  rays ;  vas  deferens  already  connected  to 
rectum.  Female — body  slender,  as  in  male,  and 
of  same  width  for  most  of  length  (fig.  17,  B) ; 
one  fourth-stage  female  with  fourth  molt  in 
progress,  750/x  in  length  and  34/a  in  maximum 
width ;  anterior  portion  slightly  tapering  and  pos- 
terior portion  somewhat  slender  and  digitiform; 
esophagus  200/x  in  length  and  club-shaped;  nerve 
ring  and  excretory  pore,  76/x  and  91/a,  respec- 
tively, from  anterior  end ;  vulva  apparent  late  in 
fourth  stage  but  not  opening  to  outside  until 
final  larval  cuticle  has  been  shed ;  vulva  about  31/a 
anterior  to  anal  opening,  and  72/a  from  posterior 
end ;  gonoduct  and  ovary  at  this  stage  not  clearly 
differentiated;  tail  digitiform,  41/u,  in  length. 
The  posterior  portion  of  a  female  with  the  sheaths 
of  the  two  final  molts  is  shown  in  figure  18;  the 
sheath  of  the  third  molt  shows  the  anal  opening 
of  the  fourth-stage  larva  but  does  not  show  an 
opening  of  the  reproductive  system. 


iS/i 


igike  18. — Posterior 
end  of  fourth-stage 
female  larva  of  Chce- 
rostronuylus  puden- 
dotectus showing  be- 
ginning of  last  molt. 
F  r  o  m  mesenteric 
lymph  gland  of  a 
pig  3  days  after  ex- 
perimental infection. 


FIFTH-STAGE  WOEMS 


The  fourth  molt  evidently  proceeds  rapidly,  since  young  fifth-stage 
worms  have  been  recovered  as  early  as  3  days  after  experimental 
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infection.  The  following  descriptions  are  of  a  young  fifth-stage  male 
recovered  from  the  lungs  5  days  after  infection  (fig.  19)  and  of  a 
typical  female:  Male — length,  1.11  mm;  width,  45/x;  body  slender  and 
of  same  width  for  most  of  length;  anterior  end  broadly  rounded; 
esophagus  club-shaped,  210/*,  in  length;  nerve  ring  and  excretory 
pore  91/a  and  121/x,  respectively,  from  anterior  end;  spicules  rather 
well  formed  and  filiform,  about  418/x  in  length;  bursa  and  rays 
present  but  latter  not  yet  fully  developed.  Female — body  slender, 
tapering  slightly  anteriorly  and  more  so  posteriorly  (fig.  20)  ; 
esophagus  club-shaped,  220/*  in  length;  nerve  ring  and  excretory 
pOre  100/*  and  106/*,  respectively,  from  anterior  end;  vulva  anterior 
to  anal  opening,  72/x  from  posterior  end;  uterine  ducts  and  ovaries 
fairly  well  differentiated,  the  latter  extending  to  a  distance  of  about 

197 )x  anteriorly  to  vulva;  tail  slender 
and  digitiform,  45/i  in  length. 

DEFINITIVE  HOSTS  OF  SWINE  LUNG- 
WORMS  OTHER  THAN  THE  PIG 

In  investigations  on  the  development 
of  lungworms  in  the  definitive  host, 
feeding  experiments  were  conducted 
not  only  with  pigs,  but  also  with  guinea 
pigs,  dogs,  a  white  rat,  a  monkey,  and 
a  cat.  As  shown  in  the  protocols  in 
this  bulletin,  the  writers  developed 
experimentally  Metastrongylus  elon- 
gatus  and  Choerostrongylus  pudendo- 
tectus  in  young  guinea  pigs  to  a  stage 
in  which  the  uteri  of  the  females  con- 
tained unsegmented  eggs;  old  guinea 
pigs  were  refractory  to  an  infestation 
with  these  worms.  Von  Linstow  (10) 
reported  a  species  of  lungworm  from 
the  bronchi  of  a  dog  and  called  it  Cloa- 
cina  octodactyla.  Alicata  (2)  noted 
that  the  description  and  figures  of  O.  octodactyla  were  similar  to 
those  of  M.  elongatus,  and  he  succeeded  in  rearing  the  latter  in  two 
1-month-old  dogs  as  a  result  of  feeding  to  these  host  animals  several 
earthworms  harboring  the  infective  stage  of  the  lungworm  in  ques- 
tion. The  details  of  this  experiment  are  given  in  the  protocols.  In 
this  connection  it  is  interesting  to  note  that  though  one  dog  was 
killed  32  days  after  experimental  infection,  a  period  adequate  for 
the  development  of  the  worms  to  egg-laying  maturity  in  pigs,  the 
female  worms  from  the  canine  host  contained  only  nonsegmented 
eggs  in  the  uteri. 

A  wThite  rat  fed  infective  larvae  of  Metastrongylus  elongatus  and 
Choerostrongylus  pudendotectus  yielded  only  one  larva  with  the 
sheaths  of  the  last  two  molts  still  present,  the  larva  being  found  in 
one  of  the  mesenteric  lymph  glands.  Other  larvae  possibly  present 
in  the  lymph  glands  and  elsewhere  in  the  body  might  have  been 
overlooked  in  the  course  of  the  post-mortem  examination  of  the  rat. 
An  attempt  to  infect  one  cat  yielded  negative  results  as  did  also 
an  attempt  to  infect  a  primate,  the  monkey  Macaca  lasiotis. 


Figuue  19. — Early  fifth-stage  male 
of  Choerostrongylus  pudendotectus 
from  lung  of  pig  5  days  after 
experimental   infection. 
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In  addition  to  parasitizing  wild  and  domesticated  swine,  Meta- 
strongylus  elongatus  has  been  reported  as  a  parasite  of  man  in  a  few 
instances.  Leuckart  (8)  expressed  the 
opinion  that  human  beings  acquired  an 
infestation  with  these  parasites  as  a 
result  of  accidentally  ingesting  an  in- 
ject or  snail  which  might  harbor  the 
parasite  in  the  infective  intermediate 
stage.  The  Hobmaiers  (7)  found  that 
M.  elongatus  and  C hoerostrongylus  pu- 
dendotectus  failed  to  develop  in  the 
horse. 

These  data  show  that,  though  lung- 
worms  of  swine  are  not  strictly  host 
specific,  they  do  not  develop  in  other 
hosts  to  egg-laying  maturity.  That 
dogs  are  likely  to  become  infested  with 
swine  lungworms  under  favorable  con- 
ditions may  be  inferred  from  the  obser- 
vations made  by  the  senior  author  that 
these  carnivores  sometimes  ingest  earth- 
worms. Man,  on  the  other  hand,  is  not 
likely  to  acquire  an  infestation  with 
swine  lungworms,  except  on  rare  occa- 
sions, since  an  earthworm  would  seldom 
be  ingested  by  man. 

SYMPTOMS  AND  LESIONS  ASSOCI- 
ATED WITH  SWINE-LUNGWORM 
INFESTATIONS 

No  striking  symptoms  were  observed 
in  pigs  experimentally  infected  with 
lungworms.  This  can  be  explained  on 
the  ground  that  the  experimental  in- 
fections of  pigs  were  light  or  moderate, 
apparently  insufficient  to  produce  re- 
spiratory disturbances.  The  senior  au- 
thor has  observed,  however,  marked 
symptoms  in  young  pigs  which  had  ac- 
quired a  natural  infestation  with  lung- 
worms in  a  permanent  hog  lot  at  the 
experiment  station  of  the  Bureau  of 
Animal  Industry  at  Bethesda,  Md.  One 
pig  which  coughed  almost  continuously 
was  isolated  in  a  pen  having  a  concrete 
floor  and  wTas  observed  from  day  to  day. 
Aside  from  coughing,  the  animal 
showed  other  respiratory  disturbances, 
such  as  labored  breathing,  a  symptom 
suggestive  of  pneumonia.  Post-mortem 
examination  of  this  pig  revealed  a  heavy  infestation  with  lung- 
worms, most  of  which,  to  judge  from  their  size,  had  not  yet  attained 
full  growth. 


SOM 


Figure  20. — Early  fifth-stage  female 
of  Choerostrotigylw  pudendotectus 
from  mesenteric  lymph  gland  of 
pig  3  days  after  experimental  in- 
fection. 
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The  data  given  in  the  protocols  with  reference  to  experimental  in- 
fections of  guinea  pigs  show  that  these  animals  became  emaciated  in 
some  instances  and  showed  respiratory  difficulty  suggestive  of  pneu- 
monia. In  one  case,  the  animal  succumbed  10  days  after  experimental 
infection,  and  in  another,  11  days  after  such  infection.  Alicata  {2) 
noted  that  1  of  2  dogs  experimentally  infected  with  Metastrongylus 
elongatus  died  from  pneumonia  on  the  nineteenth  day  after  infection. 
The  second  dog  began  to  cough  about  3  weeks  after  infection  and 
continued  to  do  so  for  about  a  week,  at  the  end  of  which  period 
the  animal  was  killed  and  found  to  be  infested  with  lungworms. 


Figure  1*1. — Luni 


of  a   pig  4   days  after  experimental  infection  with   Metantron<iyJn> 
elongatus.     Note  petechial  hemorrhages. 


Early  lesions  associated  with  lungworm  infestation  in  pigs,  as 
well  as  in  other  experimental  animals,  are  petechial  hemorrhages  in 
the  lungs  (fig.  21),  in  which  lesions  lungworm  larvae,  with  the 
sheaths  of  the  two  final  molts  or  with  these  sheaths  already  cast  off, 
have  been  found.  The  hemorrhages  are  caused  by  the  penetration 
of  the  larvae  through  the  walls  of  the  capillaries,  blood  oozing  into 
the  alveoli  as  the  larvae  enter  the  alveoli  and  accumulate  there. 
The  capillaries  in  the  alveoli  have  been  found  to  be  congested.  Le- 
sions found  in  the  lungs  of  guinea  pigs  in  later  stages  of  development 
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of  lungworms  were  largely  consolidations  of  portions  of  the  lungs, 
and  emphysematous  areas  adjacent  to  consolidated  areas.  This  pro- 
duced a  mottling  on  the  surface  of  the  lungs.  Similar  lesions  have 
been  noted  in  experimentally  infected  dogs  also  (fig.  22)  and  in 
pigs  experimentally  and  naturally  infected  with  lungworms  (fig.  23), 
the  consolidations  marking  the  locations  of  the  parasites  (fig.  24), 
and  being  most  noticeable  in  pigs  along  the  posterior  borders  of  the 
lungs.  The  bronchi  and  bronchioles  of  infested  animals  contained 
pus  as  well  as  worms. 


FiGuuE  22. — Lungs  of  a  dog  32  days  after  experimental  infection  with  Metastronpyhis- 
'cloncjatiis.  Xot»>  mottled  appearance.  White- area  v  are  emphysematous  and  adjacent 
darker  areas  are  consolidated.     Lungworms  were  recovered  from  consolidated  portions. 
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Figure  23. — Posterior  portion  of  swine  lung  24  days  after  experimental  infection  with 
Metastrongylus  elonf/otti*.  Note  emphysematous  areas  and  adjacent  consolidations  ;it 
tip  of  large  lobe. 


Figure  24. — Section  of  lung  of  a  dog  32  days  after  experimental  infection  with  Metas- 
trongylus  elonr/atu*:  A,  Consolidation  of  lung  and  section  of  worm  in  bronchiole;  It. 
greatly  magnified  view  of  consolidated  portion  of  lung  shown  in  A.  Note  section  or 
worm  and  leucocytes  in  bronchiole. 
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SUMMARY  AND  CONCLUSIONS 

The  three  species  of  lungworms,  Metastrongylus  elongatus,  Choe- 
roxtrongylus  pudendotectus,  and  M.  safoni,  parasitic  in  swine,  are 
heteroxenous  nematodes  which  undergo  the  first  two  stages  of  their 
development  in  various  species  of  earthworms. 

Three  species  of  the  oligochaete  family  Lumbricidae,  namely. 
Helodrilus  foetidws,  H.  caliginosus  var.  trapezoides  and  Lumbricu* 
terrestris,  one  species  of  the  family  Megascolecidae,  namely,  Diplo- 
cardia  sp.,  and  possibly  other  species  of  earthworms,  have  been  shown 
in  the  course  of  this  investigation  to  serve  as  intermediate  hosts  for 
swine  lungworms. 

Earthworms  become  infested  with  larvae  of  swine  lungworms  as 
a  result  of  ingesting  the  eggs  eliminated  with  the  feces  of  infested 
swine.  The  eggs  are  thick  shelled  and  embryonated  when  passed  in 
swine  feces ;  they  do  not  hatch  until  they  are  ingested  by  the  inter- 
mediate host.  Embryonated  eggs  obtained  from  the  uteri  of  gravid 
female  lungworms  hatch  in  vitro  if  the  shell  is  still  thin;  the  arti- 
ficially hatched  larvae,  if  fully  developed,  remain  viable  in  water  for 
several  weeks  and  are  infective  to  earthworms. 

The  first-stage  larvae,  free  in  the  lumen  of  the  alimentary  canal 
of  earthworms,  penetrate  the  wall  of  its  anterior  part  and  become 
localized  in  the  posterior  half  and  occasionally  only  in  the  anterior 
portion  of  the  wall  of  the  esophagus,  in  the  wall  of  the  crop,  rarely 
in  that  of  the  gizzard,  and  occasionally  in  the  wall  of  the  portion  of 
the  intestine  immediately  posterior  to  the  gizzard.  Sooner  or  later, 
they  may  invade  the  blood  system  also  and  reach  the  hearts  by  way 
of  the  dorsal  blood  vessel,  in  which  vessel  the  larvae  become  arrested, 
at  least  for  a  time ;  in  the  blood  system  of  the  earthworm  the  larvae 
tend  to  accumulate  in  the  hearts  but  rarely  succeed  in  reaching  the 
ventral  blood  vessel. 

In  earthworms,  growth  and  development  of  the  larvae  to  the  in- 
fective stage  are  accompanied  by  two  molts ;  the  first  molt  may  take 
place  as  early  as  8  days  after  the  earthworms  have  been  exposed  to 
infection,  but  usually  a  longer  period  is  required;  the  beginning  of 
the  second  molt,  which  becomes  evident  before  the  sheath  of  the  first 
molt  has  been  discarded,  has  been  observed  as  early  as  9  days  after 
exposure  of  earthworms  to  infection,  but  usually  a  longer  period  is 
required.  During  or  after  completion  of  the  second  molt,  the  sheath 
of  the  first  molt  is  cast  off,  but  that  of  the  second  molt  is  retained  by 
the  infective  larvae. 

Earthworms  which  were  collected  in  hog  lots,  pastures,  and  other 
places  frequented  by  hogs  were  found  to  harbor  infestations  with 
lungworm  larvae,  the  locations  of  the  latter  corresponding  to  those 
observed  in  experimental  infections;  the  abundance  of  larvae  in 
natural  infestations  of  earthworms  equaled  or  exceeded  that  found 
in  experimental  infections. 

Experimentally,  pigs  become  infected  with  lungworms  as  a  result 
of  swallowing  infested  earthworms;  under  natural  conditions  pigs 
become  infested  with  lungworms  as  a  result  of  swallowing  infested 
earthworms  which  they  bring  to  the  surface  in  the  process  of  rooting. 
Although  earthworms  were  readily  found  in  old  hog  lots  rich  in 
humus,  in  pine  woods  frequented  by  pigs,  and  in  other  places  where 
feces  were  allowed  to  accumulate,  they  were  comparatively  scarce  in 
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temporary  pastures,  and  when  present  in  such  areas,  they  were  con- 
fined mostly  to  the  lower  lying  portions. 

Once  they  are  free  in  the  intestine  of  pigs,  the  infective  larvae 
penetrate  its  wall  and  follow  the  course  of  the  lymph.  The  larvae 
become  arrested  in  the  mesenteric  lymph  glands  at  least  for  a  time 
and  are  found  in  these  glands  in  large  numbers  for  a  few  days  after 
experimental  infection.  Those  larvae  that  escape  from  the  lymph 
glands,  and  sooner  or  later  practically  all  larvae  appear  to  escape, 
reach  the  lungs  presumably  by  way  of  the  right  side  of  the  heart. 

The  worms  arrested  in  the  lymph  glands,  and  those  which  get  to 
the  lungs  before  molting,  undergo  the  two  final  molts  as  early  as  3 
days  after  entering  the  definitive  host.  Further  development  in  the 
lungs  involves  growth  and  differentiation,  fully  embryonated  eggs 
being  present,  at  least  in  the  species  Metastrongylus  elongatus,  as 
early  as  24  days  after  ingestion  of  infective  larvae. 

The  most  marked  pathological  changes  produced  by  the  developing 
lungworm  larvae  are  petechial  hemorrhages  in  the  lungs,  these  hem- 
orrhages being  rather  marked  3  days  after  ingestion  of  larvae  by 
Eigs  or  other  suitable  hosts;  larvae  with  the  sheaths  of  the  two 
nal  molts  have  been  found  in  these  petechiae.  As  the  worms  grow 
in  the  lungs,  portions  of  these  organs  in  which  the  worms  accumu- 
late become  consolidated,  and  adjacent  areas  become  emphysematous, 
giving  the  affected  parts  a  somewhat  mottled  appearance.  The 
most  outstanding  symptoms  of  lungworm  infestation,  as  observed 
in  the  course  of  this  investigation,  were  a  cough  and  respiratory 
disturbances. 

Metastrongylm  elonaatus  and  Choerostrongylus  pudendotectus  are 
not  strictly  host  specific,  since  these  species  were  experimentally  de- 
veloped to  maturity,  though  not  to  egg-laying  maturity,  in  guinea 
pigs  and  dogs.  In  these  experimental  animals,  shelled  eggs  were 
found  in  the  uteri  of  female  worms,  but  the  eggs  did  not  develop  to 
a  stage  that  is  infective  to  earthworms.  One  larva  with  two  sheaths 
was  recovered  from  a  mesenteric  lymph  gland  of  a  rat  to  which 
infective  larvae  had  been  administered.  A  cat  and  a  monkey  to 
which  infective  larvae  were  administered  escaped  infestation. 
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HISTORY    AND    SCOPE    OF    CORN-BORER    PARASITE 
INVESTIGATIONS  IN  THE  ORIENT  3 

Investigations  of  parasites  of  the  European  corn  borer,  Pyrausta 
nubilalis  (Hbn.),  in  the  Orient  were  begun  in  the  spring  of  1928,  when 
W.  B.  Cartwright  was  sent  to  Japan  by  the  Bureau  of  Entomology  of 
the  United  States  Department  of  Agriculture.     Corn-borer  damage 


1  The  writer  wishes  to  express  his  appreciation  of  the  aid  received  from  D.  J.  Caffrey,  in  charge  of  corn- 
borer  research  in  the  United  States,  in  the  preparation  of  the  manuscript.  K.  W.  Babcock,  of  the  Toledo, 
Ohio,  corn-borer  laboratory,  made  many  helpful  suggestions  and  his  assistance  with  the  preparation  of  the 
section  on  Climate  Type  and  Its  Relation  to  the  Number  of  Generations  Annually  is  gratefully  acknow- 
ledged. The  writer  is  indebted  to  Philip  Luginbill,  of  the  Monroe,  Mich.,  corn-borer  laboratory  for  assist- 
ance in  connection  with  the  illustrations.  The  general  outline  of  this  bulletin  is  similar  to  that  previously 
used  by  Thompson  and  Parker  (12).°- 

2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  36. 

3  Official  cooperation  and  contacts.— Throughout  the  period  during  which  investigations  were  conducted 
in  the  Orient  the  Bureau  of  Entomology  of  the  U.S.  Department  of  Agriculture  received  the  whole-hearted 
cooperation  of  many  Japanese  entomologists,  agronomists,  and  others  engaged  in  studies  of  the  various 
phases  of  agriculture.  Space  does  not  permit  mention  by  name  of  all  of  those  with  whom  contact  was  made, 
but  it  is  a  pleasure  to  mention  here  a  number  of  those  who  granted  many  favors.  The  late  I.  Kuwana, 
then  in  charge  of  the  entomological  investigations  of  the  Imperial  Government  of  Japan,  was  constantly 
accessible  and  contributed  in  many  ways  to  the  successful  conduct  of  these  investigations.     C.  Akiyama, 
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had  been  recorded  in  Japanese  literature  for  at  least  30  years  prior  to 
that  time,  and  some  adult  specimens  of  P.  nubilalis  collected  in  Japan 
had  been  received  at  the  Arlington,  Mass.,  laboratory  from  T.  R. 
Gardner,  who  was  then  located  in  Japan. 

During  the  first  18  months  of  his  stay  in  the  Orient  Mr.  Cartwright 
was  engaged  largely  in  making  official  contacts  with  Japanese  entom- 
ologists and  in  travel  to  investigate  the  distribution  of  P.  nubilalis 
and  the  distribution  and  relative  abundance  of  the  parasites  of  this 
insect  that  were  discovered.  During  this  period  he  and  his  assistants 
investigated  conditions  relative  to  the  corn  borer  in  the  Japanese 
archipelago,  including  southern  Hokkaido,  Honshu,  Shikoku,  and 
Kyushu  Islands;  and  in  Taiwan  (March  1929),  Chosen  (Korea),  and 
Manchuria  (June  and  July  1929).  In  March  1930  Mr.  Cartwright 
visited  the  Okinawa  (Loo  Chu  or  Ryu  Kyu)  Islands  but  found  no 
P.  nubilalis.  Mr.  Cartwright  was  in  charge  of  all  corn-borer  investi- 
gations conducted  in  the  Orient  by  the  Bureau  of  Entomology  from 
the  time  of  his  arrival  in  the  spring  of  1928  until  he  returned  to  the 
United  States  in  August  1930.4  During  this  period  of  approximately 
2  years  and  3  months,  572,269  corn-borer  larvae  containing  5  im- 
portant species  (Ly delta  grisescens,  Cremastus  jlavoorbitalis,  Macro- 
centrus  gifuensis,  Inareolala  punctoria,  and  Nemorilla  jloralis)  of  para- 
sites, and  873  adults  and  cocoons  of  6  species  (Microgaster  tibialis, 
Eulimneria  alkae,  Cremastus  Jlavoorbitalis ,  Phaeogenes  sp.,  Inareolata 
punctoria,  and  Brachymeria  euploeae)  of  parasites,  including  four 
species  not  contained  in  the  host  larvae,  were  shipped  to  the  United 
States. 

The  writer  was  sent  to  Japan  in  September  1929  and  was  associated 
with  Mr.  Cartwright  until  his  departure  for  the  United  States.  The 
writer  was  in  charge  of  corn-borer  investigations  in  the  Orient  from 
September  1,  1930,  until  the  conclusion  of  the  investigations  in  that 
area  in  June  1932.  During  this  latter  period  much  more  emphasis 
was  placed  on  the  collection  and  shipment  of  parasite  material  than 
had  previously  been  possible,  with  the  result  that  2,018,875  corn- 
borer  larvae  containing  8  species  of  parasites,  and  19,232  parasites  in 
the  cocoon  or  adult  stages  were  shipped  to  the  United  States  (tables 
6  and  7).  The  increased  size  of  these  shipments  over  those  of  previous 
years  was  made  possible  by  the  exploratory  investigations  previously 

in  charge  of  plant-quarantine  inspection  work  at  Kobe,  kindly  offered  the  use  of  a  large  laboratory  and 
office  room  in  the  Kobe  Plant  Quarantine  Station  and  Custom  Inspection  House  from  the  inception  of 
these  investigations  until  March  1931,  when  the  room  was  needed  for  use  as  a  honeybee-inspection  labora- 
tory. Mr.  Akiyama  also  made  his  library  available  at  any  time.  During  the  period  when  studies  were 
being  made  in  Kyushu  Island,  the  men  at  the  Kumamoto  Agricultural  Experiment  Station  were  of  very 
great  assistance.  S.  Tanji  is  the  director  of  this  experiment  station,  Y.  Koba  is  the  entomologist,  and 
T.  Fujimoto  is  the  station  agronomist.  These  three  men  were  always  eager  to  assist  in  any  way  possible. 
During  the  spring  and  summer  of  1928  a  room  at  the  experiment  station  was  made  available  for  corn-borer 
parasite  investigations.  In  the  spring  of  1931,  and  again  in  1932,  Mr.  Fujimoto  arranged  for  the  planting 
and  care  of  a  number  of  fields  of  hemp  for  use  in  connection  with  corn-borer  investigations.  Through  t  he 
kind  efforts  of  G.  Okajima  a  laboratory  room  at  the  Imperial  College  of  Agriculture  at  Kagoshima  was 
made  available  for  the  summer  of  1931.  Mr.  Okajima  also  accompanied  the  writer  on  a  trip  in  soul  horn 
Kagoshima  Prefecture.  Both  he  and  II.  Murata,  of  the  Imperial  College  of  Agriculture,  gave  valuable 
aid  on  a  number  of  occasions.  N.  Takahashi,  director  of  the  agricultural  experiment  station  at  Shariin, 
Chosen,  graciously  supplied  the  use  of  a  room  at  his  experiment  station  during  October  and  November  of 
1929.  Mr.  Takahashi  and  M.  Eguchi,  the  station  entomologist,  gave  all  possible  assistance  on  numerous 
occasions.  A.  Hamana,  director  of  the  experiment  station  at  Lung  Ching  Tsun,  Manchuria,  aided  ma- 
terially in  the  investigations.  M.  Yanagiwara,  an  entomologist  of  the  sugarcane  experiment  station  at 
Shinkwa,  Taiwan  (Formosa),  spent  many  days  assisting  in  corn-borer  studies  in  southern  Taiwan  during 
1929,  1930,  and  1931.  Knowledge  acquired  of  the  corn  borer  and  its  parasites  in  this  region  resulted  largely 
from  studies  conducted  or  directed  by  this  entomologist.  During  April  and  May  1932  he  accompanied 
the  writer  on  an  investigational  trip  and  thus  enabled  him  to  secure  live  parasites  for  introduction  into  the 
United  States.  Finally,  grateful  acknowledgment  is  made  of  the  assistance  rendered  by  M.  Yoshikawa, 
Y.  Goto,  and  M.  Suzuki,  Japanese  interpreters  and  assistants,  whose  industry  and  faithfulness  contributed 
largely  to  the  successful  conduct  of  these  investigations. 
*  For  more  detailed  information  concerning  this  earlier  period,  see  Cartwright  (5). 
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conducted  by  Mr.  Cartwright.  In  addition  to  the  foregoing  ship- 
ments, 12,000  corn-borer  larvae,  containing  the  important  parasites 
Ly delta  grisescens  R.  D.  and  Cremastus  flavoorbitalis  (Cameron),  were 
shipped  to  the  island  of  Guam  on  December  7,  1930.  Seventy-seven 
adults  of  two  species  (Xanthopimpla  stemmator  (Thunberg)  and 
Trichomma  cnaphalocrocis  Uchida)  of  parasites  of  the  borer  pupa 
were  successfully  brought  by  the  writer  to  the  United  States  from 
Taiwan  in  June  1932. 

GEOGRAPHICAL    BOUNDARIES,    CLIMATE,    AND    AGRICULTURE    OF 
THE  SECTIONS  STUDIED 

For  convenience  of  reference  the  areas  studied  have  been  desig- 
nated as  sections,  each  of  which  is  different  from  any  other  in  some 
way,  either  in  climate,  crops,  number  of  generations  of  the  corn 
borer,  parasites  -found,  or  in  some  combination  of  these  features. 
These  sections,  shown  on  the  accompanying  maps  (figs.  1,  2,  and  3), 
are  as  follows:  In  Japan,  Kutchan  section  on  Hokkaido  Island, 
Utsunomiya  and  Hiroshima  sections  on  Honshu  Island,  Tokushima 
section  on  Shikoku  Island,  Kumamoto,  Kokubu,  Miyakonojo,  and 
Aso  sections  on  Kyushu  Island;  in  Chosen  (Korea),  Heijo  and  Kanko 
sections;  in  Manchuria,  Chientao  section;  and  in  Taiwan  (Formosa), 
Tainan  section. 

Climatological  data  for  the  foregoing  sections  are  given  in  table  1 
and  climographs  for  each  are  given  in  figures  4  and  5.  Records  for 
Sapporo,  Kagoshima,  Miyazaki,  Lung  Ching  Tsun,  and  Genzan  are 
given  for  Kutchan,  Kokubu,  Miyakonojo,  Chientao,  and  Kanko 
sections,  respectively,  since  they  were  the  only  records  available 
and  are  believed  to  be  fairly  representative. 
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Figure  1  —  Sketch  map  showing  countries  of  the  Orient  in  which  corn-borer  investigations  were  con- 
ducted, 1928-32. 
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Figure  2.— Sketch  map  showing  sections  in  Japan  in  which  parasite  investigations  were  conducted, 
1928-32.  The  sections  (indicated  by  stippling)  and  the  corresponding  climographs  (figs.  4  and  5)  are 
as  follows:  Kutchan,  A  (Sapporo);  Utsonomiya,  B;  Hiroshima,  C;  Tokushima,  D;  Kumamoto,  E; 
Kokubu,  F  (Kagoshima);  Miyakonojo,  G  (Miyazaki);  Aso. 
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Figure  3.— Sketch  map  showing  sections  in  Manchuria,  Chosen,  and  Taiwan  in  which  parasite  investi- 
gations were  conducted,  1928-32.  The  sections  (indicated  by  stippling)  and  the  corresponding  climo- 
graphs  (fig.  5)  are  as  follows:  Heijo,  H;  Kanko,  /  (Genzan);  Chientao,  J  (Lung  Ching  Tsun);  Tainan,  K. 

Table  1. — Mean  temperatures  and  precipitation  in  11  corn-borer  sections  in  the 
Orient,  also  in  1  additional  locality  in  Japan,  and  1  locality  in  the  United  States  l 

MEAN  TEMPERATURES 


Section  or  locality 


Kutchan 

Utsunomiya 

Hiroshima 

Kobe 

Tokushima 

Kumamoto 

Kokubu 

Miyakonojo 

Heijo 

Kanko 

Chientao 

Tainan 

Bradenton,  Fla. 


Num- 
ber 
38 
33 


°F. 

44.25 

54.08 

58.42 

59.33 

59.58 

59.83 

62.17 

61.92 

48.42 

50.42 

42.17 

73.42 

71.67 


i  The  data  for  the  places  in  the  Orient,  except  Chientao,  were  obtained  from  the  Central  Meteorological 
Observatory,  Tokyo. 
2  See  figs.  4  and  5. 
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Table  1. — Mean  temperatures  and  precipitation  in  11  corn-borer  sections  in  the 
Orient,  also  in  1  additional  locality  in  Japan,  and  1  locality  in  the  United 
States  — Continued 

PRECIPITATION 


Section  or 

ft 

CS 

1 

I 

5 

o 

to  g 

fc 

1 

8 

« 

locality 

58 

3 

to 

I 

03 

s 

§ 

3 

•-9 

3 

< 

Id 

5 

ft 

o 
o 
O 

1 

> 
< 

"3 
o 

Num- 

ber 

In. 

In. 

/7l. 

In. 

Jtt. 

In. 

77?. 

In. 

In. 

In. 

/n. 

In. 

In. 

In. 

Kutehan-- 

A 

38 

3.3 

2.5 

2.4 

2.2 

2.5 

2.6 

3.4 

3.9 

5.2 

4.1 

4.3 

3.9 

3.36 

40.3 

Utsunomiya 

B 

33 

1.4 

2.4 

3.7 

4.8 

6.1 

7.6 

8.6 

8.9 

9.5 

5.4 

2.7 

1.5 

5.22 

62.6 

Hiroshima 

C 

2.0 

2.5 

4.3 

6.6 

6.1 

9.6 

8.7 

4.1 

7.8 

4.0 

2.6 

2.1 

5.03 

60.4 

Kobe 

27 

1  9 

?  ?, 

3  6 

5  0 

4  9 

8  ?, 

6  0 

4  6 

7.7 

4  9 

2  6 

19 

4.46 

53.5 

Tokushima 

D 

32 

1.9 

2.6 

3.9 

4.9 

6.0 

7.8 

8.0 

7.7 

12.8 

7.6 

3.5 

2.2 

5.74 

68.9 

Kumamoto 

E 

33 

2.4 

2.8 

5.0 

6.3 

6.5 

13.7 

11.5 

6.3 

6.6 

4.3 

2.7 

2.2 

5.86 

70.3 

Kokubu 

F 

38 

3.3 

3.9 

6.1 

8.7 

8.5 

15.9 

11.4 

7.2 

7.9 

5.2 

3.7 

3.4 

7.10 

85.2 

Miyakonojo 

G 

38 

2.8 

4.1 

7.3 

9.2 

10.0 

15.2 

11.3 

10.7 

13.4 

9.1 

4.9 

3.0 

8.42 

101.0 

Heijo.. 

H 

16 

6 

,fi 

1  0 

1  7 

2  5 

?  8 

9  8 

8  1 

5  3 

1  9 

1  6 

6 

3.03 

36.4 

I 
J 

19 

1.4 
.4 

1.5 
.2 

1.7 

.5 

2.9 

.8 

3.5 
2.1 

5.0 
3.1 

11.6 
3.7 

12.5 
3.8 

7.7 
3.2 

3.5 
1.4 

2.8 
.6 

.9 
.2 

4.58 
1.67 

55.0 

Chientao 

20.0 

Tainan 

K 

27 

.9 

1.5 

1.6 

2.5 

7.4 

13.5 

12.7 

16.8 

6.5 

1.5 

.7 

.5 

5.51 

66.1 

2.8 

3.0 

2.3 

2.2 

3.1 

7.S 

10.2 

9.2 

7.3 

3.0 

2.0 

2.5 

4.62 

55.4 

2  See  figs.  4  and  5. 


The  oriental  laboratory  for  the  study  of  the  corn  borer  was  located 
in  Kobe,  Japan,  and  climatological  records  for  that  city  are  included 
as  a  matter  of  interest. 


JAPAN 


KUTCHAN    SECTION 


Kutehan  section  (fig.  2,  ^4)  extends  from  Kaributo  on  the  south 
to  Yoichi  on  the  north,  and  from  Kutehan,  the  most  important  city 
in  the  section,  east  to  Wakikata.  The  winters  are  very  cold,  with 
an  average  mean  temperature  of  24.3°  F.  for  the  4  months  of  Decem- 
ber, January,  February,  and  March.  The  precipitation  averages  40.3 
inches,  which  is  well  distributed  throughout  the  year  (fig.  4,  ^4). 
Usually  from  3  to  5  feet  of  snow  falls  during  the  winter  months. 

Pole  beans,  the  principal  summer  host  of  the  borer  in  this  section, 
are  grown  throughout  the  Kutehan  section,  bamboo  poles  being 
used  for  supports.  In  various  localities  many  young  apple  orchards 
are  being  set  out  and  beans  are  planted  between  the  trees.  When 
these  trees  reach  full  growth  there  will  undoubtedly  be  a  decrease  in 
the  production  of  beans  with  a  consequent  reduction  in  numbers  of 
the  corn  borer.  Bean  land  is  gradually  being  turned  into  rice  fields, 
although  5,000  acres  are  still  planted  to  pole  beans. 

A  total  of  5,200  larvae,  obtained  at  Kutehan,  were  sent  to  the 
United  States  during:  November  1928. 


UTSUNOMIYA    SECTION 

The  territory  drained  by  the  River  Daiya  in  the  center  of  Tochigi 
Prefecture  has  been  designated  Utsunomiya  section  (fig.  2,  B). 
This  extends  from  Nikko  to  Utsunomiya  and  is  in  the  center  of  the 
hemp-producing  area.  The  annual  mean  temperature  is  54.08°  F. 
and  the  precipitation  averages  62.6  inches  per  year  (fig.  4,  B).  Hemp 
{Cannabis  saliva  L.)  is  the  principal  host  plant  in  this  section  from 
which  collections  of  P.  nubilalis  and  its  parasites  were  made. 
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A  total  of  195  specimens  of  Phaeogenes  sp.  in  the  adult  or  pupal 
stage  were  shipped  to  the  United  States  from  this  section. 

HIROSHIMA    SECTION 

Hiroshima  section  (fig.  2,  O)  is  located  in  the  southern  part  of  Hon- 
shu Island,  the  main  island  of  Japan;  it  extends  inland  from  the  city 
of  Hiroshima  to  the  border  of  Shimane  Prefecture  and  includes  the 
towns  of  Mivoshi,  Iimuro,  and  Kake.     This  is  also  a  hemp-growing 
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Figure  4.— Climographs  for  various  sections  of  Japan:  A,  Kutchan  (records  for  Sapporo);  B,  Utsunomiya; 
C,  Hiroshima;  D,  Tokushima;  E,  Kumamoto;  F,  Kokubu  (records  for  Kagoshima).  Numbers  in  the 
graphs  indicate  the  months  of  the  year. 

section,  although  it  is  said  that  the  production  of  this  crop  is  decreas- 
ing. In  the  Iimuro  locality  of  this  section  the  nematode  Hexamermis 
meridionalis  Steiner  parasitized  31  percent  of  the  corn-borer  larvae  in 
the  summer  of  1930.  The  climate  is  mild,  with  June  and  July  the 
wettest  months  (fig.  4,  C).  No  live  parasites  obtained  in  this  section 
were  sent  to  the  United  States. 
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TOKUSHIMA    SECTION 


Tokushima  section  (fig.  2,  D),  in  Tokushima  Prefecture,  on  Shikoku 
Island,  lies  along  the  River  Yoshino,  north  and  west  of  the  city  of 
Tokushima.  The  climate  is  mild  and  the  rainfall  is  well  distributed 
throughout  the  growing  season  (fig.  4,  D).  This  is  the  main  indigo 
{Polygonum  tinctorium  Ait.)  section  of  Japan,  although  a  small  acreage 
is  planted  to  the  crop  in  some  other  sections. 

No  parasites  obtained  in  Tokushima  section  were  shipped  to  the 
United  States. 
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Figure  5.— Climographs  for  various  sections  of  the  Orient:  G,  Miyakonojo  (records  for  Miyazaki);  77, 
Heijo;  /,  Kanko  (records  for  Genzan):  J,  Chientao  (records  for  Lung  Ching  Tsun);  K,  Tainan.  Num- 
bers in  the  graphs  indicate  the  months  of  the  year. 


KUMAMOTO    SECTION 


Kumamoto  section  (fig.  2,  E)  embraces  a  strip  along  the  western 
shore  of  Kyushu  Island  from  Omuta  to  Hitoyoshi  and  extends  about 
20  miles  inland.  This  is  a  lowland  district  and  the  precipitation  is  less 
than  in  the  more  southerly  Kokubu  and  Miyakonojo  sections,  but  the 
summer  temperatures  are  as  high  as  those  of  Kokubu  or  Miyakonojo. 
The  average  mean  temperature  for  the  year  is  59.8°  F.  (fig.  4,  E). 
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Millet  and  hemp  are  grown  in  this  section,  the  hemp  being  especially 
abundant  in  the  southern  part  of  the  section  around  Hitoyoshi. 

A  total  of  1,062  cocoons  of  Cremastus  flavoorbitalis  (Cameron),  10 
adults  of  Brachymeria  euploeae  (Westwood),  and  2,500  host  larvae  con- 
taining C.  flavoorbitalis,  Lydella  grisescens  R.  D.,  and  Macrocentrus 
gijuensis  Ashmead  were  obtained  in  Kumamoto  section  and  shipped 
to  the  United  States. 

KOKUBU    SECTION 

Fifteen  miles  north  of  the  city  of  Kagoshima  there  is  a  narrow 
valley  extending  20  miles  inland,  with  Kokubu  as  the  principal  village 
(fig.  2,  F).  The  soil  in  this  valley  is  well  fitted  for  growing  tobacco, 
and  this  is  the  important  cash  crop  grown  in  the  early  spring  and  sum- 
mer. Tobacco  is  usually  followed  by  millet,  a  favorite  host  plant  of 
the  corn  borer.  No  figures  are  available  to  show  corn-borer  infesta- 
tion in  millet  in  this  valley,  but  534,400  corn-borer  larvae  were  col- 
lected from  millet  grown  in  this  section  during  the  winter  of  1931-32. 
The  climate  is  warm,  the  mean  temperature  averaging  62.2°  F.,  and 
the  precipitation  85.2  inches  per  year  (fig.  4,  F).  The  southern  part 
of  Kyushu  Island  which  includes  Kokubu  section  is  often  visited  by 
very  heavy  windstorms  in  the  late  summer  months.  These  storms 
sometimes  seriously  damage  crops  and  may  destroy  corn-borer  larvae, 
although  no  information  was  obtained  on  this  subject. 

A  total  of  536,400  larvae  (including  2,000  from  Kagoshima),  con- 
taining Inareolata  punctoria  (Roman),  Lydella  grisescens,  Cremastus 
flavoorbitalis,  Macrocentrus  grfuensis,  Nemorilla  floralis  Fallen,  and 
Phorocera  erecta  Coq.,  were  shipped  from  Kokubu  section  to  the 
United  States,  as  shown  in  table  6. 

MIYAKONOJO    SECTION 

Miyakonojo  section  (fig.  2,  G)  is  quite  similar  to  Kokubu  section, 
except  that  average  yearlv  precipitation  (101  inches)  in  the  former 
exceeds  that  in  the  latter  by  15.8  inches.  Miyakonojo  section  has  a 
greater  annual  precipitation  than  any  other  section  studied.  January 
is  the  coldest  month,  with  a  mean  temperature  of  44°  F.,  and  June  is 
the  month  of  greatest  rainfall,  with  an  average  of  15.2  inches  (fig.  5, 
G,  and  table  1).  Almost  all  the  corn-borer  studies  and  parasite  col- 
lections have  been  made  on  a  cultivated  tableland  about  25  miles  in 
diameter,  situated  west  of  the  city  of  Miyakonojo.  Miyakonojo  sec- 
tion extends  from  the  interior  border  of  Miyazaki  Prefecture  to  the 
seacoast,  and  comprises  the  territory  drained  by  the  River  Oyodo  and 
its  tributaries  in  Miyazaki  Prefecture  (fig.  2).  Approximately  75 
percent  of  the  arable  land  of  this  section  is  given  over  to  millet  pro- 
duction in  the  fall  of  the  year,  and  it  is  from  this  host  plant  that  over- 
wintering P.  nubilalis  larvae  were  collected  from  1928  to  1932. 

A  total  of  1,065,869  corn-borer  larvae  containing  Lydella  grisescens, 
Bracon  atricornis  Smith,  Macrocentrus  gifuensis,  Cremastus  flavoorbi- 
talis, and  Nemorilla  floralis ,  were  collected  in  Miyakonojo  section  and 
sent  to  the  United  States  (table  6).  Twelve  thousand  larvae  shipped 
to  the  island  of  Guam  in  December  1930  were  also  obtained  in  this 
section. 
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ASO    SECTION 

The  Aso  section  consists  of  the  hilly  country  around  Mount  Aso,  in 
Kumamoto  Prefecture.  This  section  has  an  elevation  of  2,000  to 
4,000  feet,  whereas  Kumamoto  section  in  the  same  prefecture  is  only 
50  to  500  feet  above  sea  level.  Consequently  at  the  elevations  prevail- 
ing in  Aso  section,  crops  are  grown  which  are  not  cultivated  in  the 
lowland.  Ten  thousand  acres  are  annually  planted  to  field  corn  in 
Aso  section,  but  corn-borer  infestation  averages  10  percent  or  less  and 
associated  borers  are  also  present. 

Lydella  grisescens  is  the  most  important  parasite  of  P.  nubilalis  in 
this  section.  No  parasites  were  obtained  in  Aso  section  for  shipment 
to  the  United  States. 

CHOSEN  (KOREA) 

HEIJO    SECTION 

Heijo  section  constitutes  that  portion  of  northwestern  Chosen,  in 
Heian  Nan  Do  Province,  between  the  River  Seisen  on  the  north  and 
the  River  Daidoku  on  the  south,  and  extends  inland  from  the  shore 
of  the  Yellow  Sea  to  the  town  of  Tokusen  (fig.  3,  H). 

The  rainy  season  in  this  section  occurs  in  July  and  August,  with  an 
average  precipitation  of  17.9  inches  for  these  2  months.  There  are 
18.5  inches  of  rain  during  the  other  months,  making  the  total  rainfall 
36.4  inches  per  year.  The  winter  months  are  cold,  with  an  average 
mean  temperature  for  December,  January,  and  February  of  20.7°  F. 
(fig.  5,  H,  and  table  1).  Grain  sorghum  is  the  crop  from  which  corn- 
borer  larvae  and  parasites  were  principally  obtained.  A  total  of 
358,400  host  larvae,  containing  principally  Macrocentrus  gifuensis, 
were  collected  in  Heijo  section  and  sent  to  the  United  States  (table  6). 

KANKO  SECTION 

Kanko  section  is  on  the  opposite  coast  from  Heijo  section  (fig.  3,  /) 
and  borders  upon  the  Japan  Sea,  extending  from  Genzan  along  the 
coast  to  Jokko.  Winters  are  warmer  and  summers  slightly  cooler 
than  those  of  the  Heijo  section,  although  the  average  mean  tempera- 
tures for  the  two  sections  are  approximately  the  same — between  48° 
and  51°  F.  The  precipitation  here  is  55  inches  per  year  (fig.  5,  /,  and 
tables  1  and  2).  As  in  the  Heijo  section,  grain  sorghum  is  the  most 
important  host  source  for  larvae  of  P.  nubilalis.  A  total  of  1,600 
larvae  were  collected  in  Kanko  section  and  shipped  to  the  United 
States  (table  6). 

MANCHURIA 

CHIENTAO  SECTION 

Chientao  section  (fig.  3,  J)  is  located  in  southeastern  Manchuria, 
just  north  of  the  Chosen-Manchuria  boundary,  and  includes  the  cities 
of  Lung  Ching  Tsun  (Ryusaisan),  Yen  Chi  (Chutzukai),  and  Nan 
Yang  Ping.  The  territory  investigated  includes  a  strip  only  10  or 
15  miles  wide  on  each  side  of  the  railroad  between  the  above-named 
three  cities.  Chientao  section  is  characterized  by  very  cold,  dry 
winters  and  comparatively  warm  summers  (fig.  5,  J,  and  table  1). 
The  total  annual  precipitation  is  only  20.0  inches  in  normal  years. 
Soybeans,  millet,  and  grain  sorghum  (kaoliang)  are  the  most  important 
crops. 
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A  total  of  621,175  corn-borer  larvae,  with  from  8  to  18  percent 
parasitized  by  Inareoldta  punctoria  (Roman),  and  18,795  cocoons  and 
adults  of  Eulimneria  alkae  (Ell.  and  Sacht.)  and  Microgaster  tibialis 
Nees  obtained  in  Chientao  section  were  shipped  to  the  United  States 
(tables  6  and  7). 

TAIWAN  (FORMOSA) 

TAINAN  SECTION 

The  Tainan  section  (fig.  3,  K)  is  considered  to  be  that  part  of  the 
coastal  plain  of  southwestern  Taiwan  extending  from  the  vicinity  of 
Kagi  on  the  north  to  Keishu  (south  of  Heito)  on  the  south,  and  from 
the  seacost  on  the  west  to  the  foot  of  the  mountains  of  the  great 
central  range  on  the  east. 

Conditions  in  Tainan  section  are  very  different  in  every  way  from 
conditions  in  the  other  sections  studied.5  The  climate  here  borders 
on  the  tropical,  for  the  section  lies  below  the  Tropic  of  Cancer.  The 
average  mean  temperature  at  Tainan,  near  the  center  of  the  section, 
is  73.4°  F.,  and  for  the  6  hottest  months,  May  to  October,  the  average 
is  79.8°  F.  (table  1).  Precipitation  is  high,  averaging  66.1  inches  per 
year  (fig.  5,  K,  and  table  1).  The  5  summer  months  from  May  to 
September  receive  86  percent  of  the  total  rainfall,  and  the  6  months 
from  October  to  March  receive  6.7  inches.  Thunderstorms  are 
characteristic  of  this  region  during  the  summer  season  and  are  accom- 
panied by  very  heavy  tropical  downpours.  The  section  is  situated 
in  the  typhoon  region  and  each  year  is  visited  by  one  or  more  of  these 
heavy  windstorms  which  often  cause  tremendous  damage  to  crops. 
Typhoons  occur  only  in  the  summer  months,  particularly  during 
August  and  September  Climatic  conditions  in  Tainan  section  closely 
resemble  those  existing  in  certain  portions  of  Florida,  and  the  climo- 
graphs  for  Tainan,  Taiwan,  and  Bradenton,  Fla.,  are  very  similar, 
although  Tainan  is  slightly  drier  in  winter  and  wetter  in  summer. 

Agriculture  in  this  section  is  conducted  by  Chinese  (who  constitute 
the  greater  proportion  of  the  population),  and  the  principal  crops 
grown  are  rice,  sugarcane,  bananas,  and  sweetpotatoes.  Corn  is 
grown  in  small  fields  near  the  houses,  chiefly  for  domestic  consump- 
tion, and  most  of  it  is  grown  during  the  period  February  to  June, 
although  small  acreages  of  corn  are  present  at  almost  any  other  time 
of  the  year.  Coconuts,  papayas,  and  other  tropical  fruits  are  well 
adapted  to  this  region. 

A  total  of  77  adults  of  two  parasite  species  (73  Xanthopimpla 
stemmator  (Thunberg)  and  4  Trichomma  cnaphalocrocis  Uchida)  were 
successfully  transported  alive  from  the  Tainan  section  of  Taiwan  to 
the  eastern  part  of  the  United  States. 

5  The  habits  of  the  corn  borer  in  Tainan  section  seem  to  differ  from  those  exhibited  in  the  other  sections 
in  the  Orient  and  in  the  United  States.  M.  Yanagiwara,  an  entomologist  of  the  sugarcane  experiment 
station,  stated  that  corn-borer  eggs  were  laid  on  the  upper  side  of  the  corn  leaves  as  often  as  on  the  under- 
side. Young  larvae  apparently  first  attack  the  tassels  and  then  migrate  down  the  stalk  as  in  other  sections, 
since  the  tassel  was  broken  over  but  usually  uninfested  when  examinations  were  made.  Late  in  April  1932 
many  fourth-  and  fifth-instar  larvae  were  found  outside  the  plant  at  the  base  of  the  leaf  blade  or  between  the 
leaf  sheath  and  the  stalk.  Pupae  were  found  in  the  same  location.  Although  this  phenomenon  has  been 
noted  during  investigations  in  the  United  States,  it  seemed  to  be  much  more  evident  m  Taiwan.  The 
larvae  which  were  found  in  the  stalks  usually  had  not  tunneled  more  than  2  inches,  while  larvae  in  sorghum 
in  Heijo,  Kanko,  and  Chientao  sections  usually  made  tunnels  at  least  6  inches  long. 
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DISTRIBUTION,  NUMBER  OF  GENERATIONS.  AND  HOST  PLANTS  OF 
PYRAUSTA  NUBILALIS  IN  THE  ORIENT 

DISTRIBUTION  OF  THE  CORN  BORER  IN  THE  ORIENT 

Pyrausta  nubilalis  has  been  found  widely  distributed  throughout 
the  territory  scouted  in  the  Orient.  This  includes  Taiwan,  Japan 
(Kyushu,  Honshu,  Shikoku,  and  Hokkaido  Islands),  Chosen,  and 
Manchuria,  and  embraces  the  area  extending  north  and  south  from 
the  43d  to  the  22d  parallel  of  latitude  and  east  and  west  from  the 
120th  to  the  143d  meridian.  No  corn  borers  were  collected  or  received 
in  shipments  of  insect  collections  from  the  Okinawa  Islands,  which 
lie  about  half-way  between  Taiwan  and  southern  Japan  proper. 
Corn  in  the  Okinawas  is  said  to  be  very  severely  damaged  by  borers, 
but  apparently  this  injury  is  not  by  P.  nubilalis.  The  corn  borer 
also  exists  in  the  island  of  Guam  and  in  the  Philippines,  and  has  been 
found  in  Java.6 

NUMBER  OF  GENERATIONS  OF  THE  CORN  BORER  IN  THE  ORIENT 

Because  the  corn-borer  investigations  in  the  Orient  covered  such  a 
large  area  (larger  than  the  entire  infested  area  of  the  United  States  in 
1932),  travel  facilities  in  some  sections  were  slow,  the  number  of 
trained  workers  was  small,  and  the  number  of  seasons  spent  in  secur- 
ing data  was  limited,  and  since  it  was  necessary  to  place  emphasis 
upon  other  phases  of  the  project,  no  sustained  effort  was  made  to 
obtain  seasonal-history  data  on  the  corn  borer  under  field  conditions 
in  any  one  section.  For  this  reason  the  contained  information  on 
the  number  of  generations  is  subject  to  revision  when  more  detailed 
studies  are  made.  The  information  obtained,  however,  will  give  a 
reasonably  correct  idea  of  the  number  of  generations  of  the  corn 
borer  ordinarily  occurring  in  all  but  one  of  the  sections  studied. 

In  Kutchan  section  of  Hokkaido  there  is  usually  but  one  generation 
each  year,  with  a  few  individuals  developing  two  generations  during 
favorable  years. 

Chientao  section  of  Manchuria  (about  on  the  same  parallel  with 
Kutchan  section)  is  undoubtedly  a  one-generation  area,  although  in 
1932  a  few  pupae  were  found  as  early  as  April  24. 

Heijo  and  Kanko  sections  in  Chosen  should  properly  be  termed 
" transition  zones"  between  the  one-generation  and  two-generation 
climates,  with  a  tendency  toward  the  two-generation  type. 

Utsunomiya  section,  in  the  central  part  of  the  main  island  of 
Japan,  is  a  two-generation  area,  with  perhaps  a  partial  third  genera- 
tion in  favorable  years.  It  is  important  to  note  that  in  this  section 
moths  of  the  first  summer  generation  emerge  late  in  July.  This  will 
be  discussed  later  under  Agricultural  and  Other  Practices  Affecting 
the  Corn  Borer  (p.  32). 

Hiroshima  section  and  Tokushima  section  are  three-generation 
areas,  although  in  the  former  there  may  be  only  two  complete  genera- 
tions and  a  partial  third  in  some  years.  Pupation  of  the  first  summer- 
generation  larvae  in  Hiroshima  Ken  takes  place  about  mid- July. 
On  July  16,  1931,  it  had  reached  55  percent  at  Imuro  in  this  Prefec- 
ture. In  Tokushima  the  peaks  of  moth  emergence  are  late  in  May, 
in  mid-July,  and  late  in  September. 

6  For  world  distribution  of  P.  nubilalis,  see  Caffrey  and  Worthley  (/,). 
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The  corn  borer  develops  three  complete  generations  and  a  partial 
fourth  in  Kumamoto,  Kokubu,  and  Miyakonojo  sections.  These 
sections  should  be  considered  as  three-generation  areas,  as  the  partial 
fourth  is  usually  unimportant.  A  number  of  small  larvae  are  present 
in  the  fields  during  the  winter  months,  and  some  of  these  are  undoubt- 
edly immature  individuals  of  the  partial  fourth  generation,  but  some 
of  them  are  undersized  as  a  result  of  parasitization  by  Cremastus 
fiavoorbitalis .  In  1931  the  first  pupa  found  in  Miyakonojo  section 
was  collected  on  March  28.  A  number  were  found  in  April,  but 
pupae  did  not  become  abundant  until  May,  with  the  peak  of  pupation 
occurring  approximately  May  20.  Probably  this  record  was  a  little 
earlier  than  during  the  average  season. 

In  the  mountainous  area  near  Mount  Aso  there  are  probably  only 
two  generations  each  year,  although  data  from  this  section  are  not 
sufficiently  comprehensive  to  warrant  a  definite  statement. 

The  number  of  generations  of  the  corn  borer  in  the  Tainan  section 
of  southwestern  Taiwan  is  unknown  and  no  reasonably  accurate 
estimate  can  be  given.  From  superficial  observation  it  appears  that 
several  generations  develop  each  year.  All  stages  of  the  borer  can 
be  found  late  in  April,  although  at  tins  time  the  majority  of  the 
individuals  are  in  the  last  larval  or  in  the  pupal  stage.  There  is 
probably  no  true  hibernation  of  the  borer  in  this  area,  for  the  mean 
temperature  of  the  coldest  month,  February,  is  62°  F.,  which  is 
approximately  the  same  as  the  June  mean  temperature  in  Massa- 
chusetts. 

CLIMATE  TYPE  AND  ITS  RELATION  TO  THE  NUMBER  OF  GENERATIONS  ANNUALLY 

The  different  types  of  corn-borer  seasonal  history,  ranging  from  one 
generation  annually  to  a  multi-generation  cycle  of  development,  are 
associated  with  marked  diversity  in  climate.  Certain  climatic 
characteristics  of  different  annual-cycle  zones  are  presented  in  table  2. 
The  association  between  the  number  of  months  with  a  normal  mean 
temperature  of  60°  F.,  or  above,  and  the  number  of  generations 
annually  is  evident.  The  range  in  both  these  features  is  clearly 
shown  in  table  2,  from  Kutchan  with  one  generation  to  Tainan  with 
several  generations  annually. 

Table  2. — Climatic  indices  of  different  seasonal  cycles  of  the  European  corn  borer 

in  the  Orient 


Section 

Climograph 
(figs.  4  and  5) 

Generations 
annually 

Months  with 
normal  mean 
temperature 
of  60°  F.  or 
above 

Normal  mean 

temperature 

of  March 

Precipita- 
tion, October 
to  March, 
inclusive 

A 
J 
I 
II 
B 
C 
D 
E 
F 
G 
K 

Number 

1 

1 

-2 

-2 

2 

-3 

3 

3 

+3 

+3 

0) 

Number 
3 
4 
4 
5 
5 
6 
6 
6 
7 
7 
12 

0  F. 

29 
27 
36 
34 
41 
45 
46 
48 
51 
52 
67 

Inches 

20.5 

3.3 

3.  Kanko                               

11.8 

6.2 

5.  Utsunomiya 

6.  Hiroshima 

17.1 

17.5 
21.7 

19.4 

9.  Kokubu 

25.6 

31.2 

11.  Tainan 

6.7 

1  Exact  number  not  known;  possibly  4  or  more. 
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The  data  in  column  5  of  table  2  substantiate  the  importance  of 
the  use  of  the  mean  temperature  of  March  as  an  index  to  climates 
inducing  a  given  number  of  generations  annually. 

The  average  precipitation  during  the  dormant  period  for  the 
1 -generation  and  2-generation  types  of  climate  (sections  1  to  5, 
inclusive)  is  11.8  inches,  while  an  average  precipitation  of  23.1  inches 
(almost  twice  as  much)  is  available  during  the  dormant  period  in 
sections  with  three  or  more  generations  (sections  6  to  10,  inclusive). 
This  contact  moisture  during  the  dormant  period  may  be  of  import- 
ance in  meeting  the  physiological  requirements  of  the  larvae  (1). 

As  might  be  expected,  precipitation  during  the  dormant  period  is 
not  always  the  most  important  activating  influence.  A  comparison 
of  the  climatic  data  for  Miyakonojo  and  Tainan  (table  1)  indicates 
the  lessening  in  importance,  under  these  conditions,  of  total  precipi- 
tation as  an  index  of  the  number  of  generations  annually.  Some- 
where within  the  range  of  climates  between  these  two,  as  illustrated 
in  climographs  G  and  K  (fig.  5),  the  temperature  would  be  sufficient 
throughout  the  year  to  foster  the  development  of  several  overlapping 
generations.  Where  this  condition  of  continuous  development 
occurred,  the  lack  of  precipitation  during  any  series  of  months 
would  probably  be  reflected  in  a  lowered  rate  of  larval  survival. 

In  order  to  visualize  easily  the  association  between  climate  type 
and  developmental  cycle,  comparisons  have  been  made  between  tlie 
normal  climates  of  important  sections  in  the  Orient  and  the  "standard" 
normal  one-generation  climate  type  as  used  by  Babcock  {2)  for  the 
central  European  corn  belt.  These  data,  as  presented  in  table  3, 
have  been  compiled  from  the  meteorological  data  contained  in 
table  1. 

Table  3. — Climatological  data  on  corn-borer  sections  in  the  Orient  compared  with 
the  one-generation  area  of  the  central-European  corn  belt  used  as  a  standard 


"Standard 

'  1- 

Deviation  from  "standard" 

Months 

generation  cli- 
mate type 

Kutchan 
(1  generation) 

Utsunomiya 
(2  generations) 

Kumamoto 
(3  generations) 

Temper- 
ature 

Precipi- 
tation 

Temper- 
ature 

Precipi- 
tation 

Temper- 
ature 

Precipi- 
tation 

Temper- 
ature 

Precipi- 
tation 

October,  November,  and  De- 
cember  

o  p 

41.2 

33.5 

57.4 
70.8 
62.9 

Inches 
1.89 

1.32 
2.48 
2.47 
2.04 

o  p 

-3.9 

-9.8 

-10.9 

-6.1 

-1.9 

Inches 
+2.21 

+1.41 
-.13 
+.83 

+3.16 

o  F 

+6.1 

+2.8 
-1.4 
+1.5 
+6.1 

Inches 
+1.31 

+1.18 
+2.97 
+5.90 
+7.46 

°  F. 
+11.8 

+9.8 
+4.1 
+6.5 
+11.1 

Inches 
+1.18 

January,      February,      and 
March .....     ..     ....... 

+2.38 

April  and  May .. 

+3.92 

June,  July,  and  August 

September..  . 

+8.03 
+4.56 

Deviation  from  "standard" 

Hiroshima 
(3  generations  or  less) 

Tokushima 
(3  generations) 

Heijo 
(2  generations 

or  less) 

Tempera- 
ture 

Precipita- 
tion 

Tempera- 
ture 

Precipita- 
tion 

Tempera- 
.  ture 

Precipita- 
tion 

October,  November,  and  De- 
cember  

o  F 

+11.1 

+7.8 

+1.6 

+5.5 

+10.1 

Inches 
+1.01 

+1.61 
+3.87 
+5.00 
4-5.  76 

0  F. 
+  13.1 

+9.2 

+3.1 

+5.5 

4-11.1 

Inches 
+2.54 

+1.48 

+2.97 

+5.36 

+10.  76 

0  F. 
-3.9 

-8.8 
—2.9 

Inches 
-.52 

January,      February,      and 
Maith... 

-.62 

April  and  May 

-.38 

June,  July,  and  August 

September 

+2.5 
+3.  1 

+4.43 
+3.26 
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The  most  marked  climatic  separation  between  distinct  zones  of 
1-generation  and  2-generation  habitats,  viz,  Kutchan  and  Utsu- 
nomiya,  lies  in  the  increase  of  both  warmth  and  available  moisture 
during  the  dormant  period  as  compared  with  the  " standard."  The 
change  from  a  2-generation  to  a  3-generation  annual  cycle  is  asso- 
ciated with  higher  temperatures  throughout  the  year. 

The  production  of  a  transition  or  borderland  habit  of  1  generation 
or  2  generations  seasonally,  as  the  weather  fluctuates,  is  aptly 
illustrated  by  the  normal  climate  of  Heijo.  In  this  climate  the 
dormant  period  is  distinctly  of  the  1-generation  type,  while  the 
growing-season  climate  is  distinctly  warmer  and  wetter  than  the 
1-generation  " standard"  type. 

PRINCIPAL  HOST  PLANTS  OF  THE  CORN  BORER  IN  THE  ORIENT 

Hemp,  corn,  millet,  and  grain  sorghum  are  the  most  important 
host  plants  of  the  corn  borer  in  the  Orient,  although  there  are  a 
number  of  others,  notably  beans  and  indigo.  A  complete  list  of 
the  host  plants  found  infested  during  these  investigations  is  given  in 
table  4.  No  single  species  of  host  plant  is  of  importance  over  the 
entire  area  studied,  although  millet  is  found  in  all  except  one  of 
them.  Some  host  plants,  such  as  zinnia  and  barnyard  grass,  were 
found  infested  only  a  few  times.  Cotton  plants  were  examined  on 
a  number  of  occasions  in  northwestern  Chosen,  but  no  corn-borer 
infestation  was  found,  though  larvae  of  the  pink  boll  worm  (Pec- 
tinophora  gossypiella  Saund.)  were  common. 

Table  4. — Plants  found  infested  by  the  European  corn  borer  in  the  Orient. 

1928-32 


Scientific  name 


Common  name 


Japanese  common 
name 


Cannabis  sativa  L 

Humulus  japonicus  Sieb.  and  Zucc 

Chrysanthemum  morifoliurn  Ram 

Dahlia  variabilis  Desf 

Zinnia  elegans  Jacq : 

Polygonum  blumei  Meisn 

Polygonum  lapathifolium  nodosum  (Pers.)  Weinm_ 

Polygonum  thunbergii  Sieb.  and  Zucc. 

Ru  mex  japonicus  Meisn 

Fagopyrum  vulgare  Hill 

Polygonum  viscosum  vernicosum  Meisn 

Soja  max  (L.)  Piper 

Phaseolus  spp 

Zea  mays  L .. 

Sorghum  vulgare  Pers.  var 

Do 

Coix  lacryma-jobi  L 

Setaria  italica  (L.)  Beauv 

Setaria  italica  (L.)  Beauv.  var ! 

Panicum  miliaceum  L 

Echinochloa  crusgalli  edulis  Hitchc 

Polygonum  tinctorium  Ait 


Hemp 

Japanese  hop 

Chrysanthemum- 
Dahlia 

Zinnia 


Dock 

Buckwheat. 


Soybean. 


Corn 

Sorghum 

do 

Jobs-tears 

Italian  millet 

German  millet 

Broomcorn  millet. 

Barnyard  grass 

Indigo 


Asa. 

Hoppu. 

Kiku. 

Dariya. 

Hyakuni  chi-so. 

Inutade. 

Mizosoba. 
Gishigishi. 
Soba. 

Daizu. 

Saito. 

Tomorokoshi. 

Hahakimorokoshi. 

Morokoshi. 

Zyuzudama. 

Awa. 

Koawa. 

Kibi. 

Hie. 

Ai. 


Hemp  (Cannabis  sativa  L.)  is  grown  in  a  number  of  localities  through- 
out the  majority  of  the  islands  of  Japan  proper.  This  plant  is  a  very 
important  host  of  P.  nubilalis  in  the  most  important  hemp-growing 
Prefecture,  Tochigi  (Utsunomiya  section),  in  Hiroshima  section,  and 
in  the  southern  part  of  Kumamoto  section.  Babcock  and  Vance  (3) 
state  that  corn-borer  infestation  in  hemp  could  rarely  be  found  in 
central  Europe;  that  region,  however,  is  a  typical  corn-growing  belt, 
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and  the  borer  offers  no  hindrance  to  hemp  cultivation,  since  it  is  con- 
centrated on  other  plants,  mainly  corn,  in  preference  to  hemp.  In 
Japan  the  corn  borer  is  of  decided  economic  importance  to  hemp  cul- 
tivation and  in  some  areas  has  been  responsible  for  drastic  reductions 
in  the  acreage  planted  to  this  crop.  Clausen  (6),  in  a  compilation 
from  Japanese  sources,  records  P.  nubilalis  as  one  of  the  insects  of 
lesser  importance  on  the  hemp  crop,  but  the  writer's  observations 
reveal  the  corn  borer  as  a  major,  if  not  the  most  important,  pest  of 
this  particular  plant  during  the  period  1929-31. 

The  corn  borer  usually  injures  from  10  to  20  percent  of  the  hemp 
plants  in  Utsunomiya  section,  but  often  50  percent  of  the  plants  in 
individual  fields  are  damaged.  In  Hiroshima  section  infestation  and 
resulting  injury  are  as  high  as  in  Utsunomiya  section,  and  in  Kyushu 
Island  (Hitoyoshi)  damage  as  high  as  90  percent  has  been  recorded. 
Infestations  ranging  from  10  to  50  percent  in  fields  of  hemp  only  200 
yards  apart  were  observed  each  year  in  both  Utsunomiya  and  Kuma- 
moto  sections,  and  although  the  causes  of  these  variations  were  not 
determined  during  the  course  of  these  investigations,  it  is  probable 
that  the  explanation  is  to  be  found  in  different  planting  dates  and 
rates  of  growth. 

Beans  (Phaseolus)  constitute  a  very  important  host  of  the  corn 
borer  in  the  Kutchan  section  of  Hokkaido.  Damage  occurs  yearly 
and  is  sometimes  severe.  String  beans  on  the  Kobe  market  were 
found  to  be  infested,  although  no  examinations  were  made  to  deter- 
mine the  intensity  of  infestation. 

Corn  (Zea  mays  L.)  is  a  host  of  the  corn  borer  wherever  it  is  found  in 
the  oriental  regions  studied.  Infestation  varies  greatly,  from  very 
light  to  severe.  Corn  is  not  an  important  crop  in  any  part  of  Japan 
proper,  with  the  possible  exception  of  an  area  in  midwestern  Hok- 
kaido and  around  the  lower  elevations  of  Mount  Fuji  on  Honshu 
Island  and  Mount  Aso  on  Kyushu  Island.  Corn-borer  infestation  is 
usually  light,  but  in  a  few  scattered  fields  it  may  affect  50  percent  of 
the  plants  during  some  seasons.  Corn  is  infested  throughout  the  dis- 
tricts where  it  is  grown  in  Chosen,  but  infestation  is  usually  light. 
The  extensive  corn-growing  section  near  the  western  end  of  the 
Chosen-Manchuria  border  has  not  been  studied  intensively.  Infes- 
tations as  high  as  100  percent  were  recorded  from  the  corn  in  Man- 
churia just  across  the  border  from  northeastern  Chosen.  In  the  small 
cornfields  of  southern  Taiwan  infestation  by  P.  nubilalis  often  is  as 
high  as  100  percent,  with  3  to  10  or  more  borers  per  stalk.  High 
infestations  are  especially  prevalent  in  the  fall  months  in  Takao  Shu 
Province,  possibly  owing  to  corn-borer  concentration,  for  at  this  time 
the  corn  acreage  is  not  so  extensive  as  in  the  spring  months. 

An  examination  of  7,800  plants  at  Heito  in  May  revealed  a  100- 
percent  infestation,  with  an  average  of  1.57  borers  per  stalk  and  a 
maximum  of  28  larvae  in  one  stalk.  Infestation  of  corn  slightly 
farther  north  in  the  vicinity  of  Tainan  rarely  exceeds  50  percent. 
This  difference  in  infestation  in  these  two  localities  may  be  the  result 
of  the  abundance  of  the  pupal  parasite  Xanthopimpla  stemmator  in 
the  latter  locality  as  contrasted  with  its  apparent  scarcity  in  the 
former. 

Grain  sorghum  (Sorghum  vulgare  Pers.)  is  grown  throughout  Man- 
churia and  in  northern  Chosen.  It  is  the  plant  from  which  981,175 
borer  larvae  and  18,836  parasite  cocoons  were  obtained  in  the  Heijo. 
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Kanko,  and  Chientao  sections.  Corn-borer  infestation  in  this  plant 
in  these  sections  usually  ranges  from  15  to  30  percent,  with  an  average 
of  approximately  20  percent.  The  stem  of  this  plant  is  strong 
enough  to  escape  breakage  even  when  infested  by  3  to  5  borers  per 
plant. 

Millet,  principally  Setaria  italica  (L.)  Beauv.,  is  grown  generally 
throughout  the  Orient,  where  it  is  often  an  important  article  of 
human  food,  especially  in  Chosen  and  Manchuria.  Throughout  many 
regions  of  the  Orient  millet  is  a  favorite  host  of  P.  nubilalis  (referred 
to  by  the  Japanese  as  "  awa-no-mushi  "  or  "awa-no-ziiimushi",  mean- 
ing millet  borer).  Millet  found  on  Kyushu  Island  during  the  late  fall 
and  early  winter  months  is  occasionally  seriously  damaged  by  P. 
nubilalis,  but  part  of  the  damage  must  be  attributed  to  another  borer, 
apparently  a  species  of  Sesamia,  which  is  commonly  found  associated 
with  the  corn  borer  in  infested  plants. 

Indigo  (Polygonum  tinctorium  Ait.)  is  grown  principally  in  Toku- 
shima  section,  on  Shikoku  Island,  and  only  about  100  acres  are  to  be 
found  in  the  few  places  where  the  plant  is  grown  on  Honshu  Island. 
Cultivation  of  this  crop  is  rapidly  decreasing  owing  to  the  competition 
of  dyes  from  other  sources.  Thus,  in  Tokushima  Prefecture  the  acre- 
age planted  to  this  crop  in  1927  was  1,600  acres,  whereas  by  1930  the 
area  planted  to  indigo  in  the  same  prefecture  was  only  700  to  800 
acres.  The  "Ai-no-meichu  "  (indigo  borer),  as  the  Japanese  farmers  in 
the  indigo  section  refer  to  P.  nubilalis,  infests  indigo  from  year  to 
year.  One  hundred  percent  infestation  of  the  plants  is  not  uncom- 
mon, but  because  of  the  branched  habit  of  growth,  and  the  ability  of 
the  plant  to  send  out  new  branches  in  place  of  injured  ones,  the 
intensity  of  infestation  may  not  cause  serious  injury  unless  the  num- 
ber of  larvae  per  plant  is  very  large. 

Infestation  is  easily  detected  when  the  infested  branches  die  and 
become  bluish  black  in  color.  Local  entomologists  reported  that 
infestation  by  the  borer  and  resultant  severe  damage  occurred  in 
1930,  but  in  1931  the  infestation  and  damage  were  found  to  be  very 
low  in  the  Tokushima  indigo  section. 

Other  crops  and  plants,  such  as  chrysanthemum,  dahlia,  zinnia, 
dock,  and  barnyard  grass,  were  found  infested  by  P.  nubilalis  on  one 
or  more  occasions,  but  they  are  not  of  much  importance  as  host 
plants  of  the  corn  borer.  During  1929  and  1930  several  examinations 
of  ramie  failed  to  disclose  the  presence  of  P.  nubilalis  in  this  plant. 

BIOLOGICAL  CONTROLLING  FACTORS  OF  PYRAUSTA  NUBILALIS  IN 

THE  ORIENT 

The  only  controlling  factors  to  be  considered  in  this  discussion  are 
those  of  a  biological  nature,  including  the  parasitic  and  predacious 
enemies  of  the  corn  borer  in  its  various  stages.  Other  phases  of  the 
natural  control  (as  distinguished  from  " biological  control"  in  its 
restricted  sense)  of  P.  nubilalis  are  treated  elsewhere  in  this  bulletin. 
The  climates  of  the  sections  in  which  studies  were  made  have  been 
treated  in  an  earlier  part  of  this  bulletin,  and  the  cultural  control  of 
the  borer,  or  the  agricultural  practices  affecting  its  abundance,  will  be 
discussed  in  a  later  section. 

The  insect  parasites  and  predators  are  important  biological  control- 
ling factors  of  the  corn  borer  in  the  Orient.     Many  of  the  parasites  of 
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the  corn  borer  in  the  oriental  area  are  similar  taxonomically  to  those 
found  in  the  European  area,  although  there  is  always  the  possibility 
of  a  different  biological  reaction  in  the  same  parasite  species  collected 
from  different  regions.  Nevertheless  certain  important  parasites  of 
P.  nubilalis  are  found  in  the  oriental  sections  studied  that  apparently 
do  not  exist  in  the  European  fauna.  A  complete  investigation  of  the 
corn-borer  parasite  association  must  include  these  species.  A  list 
of  the  natural  enemies  of  the  corn  borer  recorded  in  the  Orient  during 
the  course  of  these  investigations  is  given  below.  None  of  the  para- 
sites found  on  the  islands  of  Japan  proper  or  on  the  Asiatic  mainland 
have  been  found  on  the  island  of  Taiwan,  which  seems  to  present  an 
entirely  different  parasite  association. 

Insect  parasites  and  other  natural  enemies  of  Pyrausta  nubilalis  in  the  Orient 

Parasites  of  the  larva: 
Diptera — 

Lydella  grisescens  R.  D. 

Nemorilla  fioralis  Fallen 

Phorocera  erecta  Coq. 
Hymenoptera — 

Eulimneria  alkae  (Ell.  and  Sacht.) 

Inareolata  punctoria  (Roman) 

Campoplex,  new  sp. 

Cremastus  jlavoorbitalis  (Cameron) 

Microbracon  sp. 

Microgaster  tibialis  Nees 

Apanteles  thompsoni  Lyle 

Apanteles  sp. 

Macrocentrus  gifuensis  Ashmead 

Bracon  atricornis  (Smith) 
Moniliales — 

Beauveria  bassiana  (Bals.)  Vuilleman 
Nematoda — 

Hexamermis  meridionalis  Steiner 
Parasites  of  the  pupa: 
Hymenoptera — 

Phaeogenes  sp. 

Xanthopimpla  stemmator  (Thunberg) 

Xanthopimpla  punctata  (Fab.) 

Trichomma  cnaphalocrocis  Uchida 

Labrorychus  tenuicornis  (Grav.) 

Brachymeria  euploeae  (Westwood) 
Predators: 

Coleoptera — 

One  carabid,  probably  Plochionus  sp. 
Birds,  probably  woodpeckers 

In  addition  to  the  19  species  of  insect  parasites  listed  above,  3 
additional  parasite  species  were  collected,  but  their  specific  determi- 
nation is  not  known.  These  additional  species,  if  actual  parasites  of 
the  corn  borer,  are  not  of  great  importance  since  they  have  been 
infrequently  observed  and  it  is  possible  that  one  or  more  of  them  are 
parasitic  on  borers  closely  associated  with  P.  nubilalis. 

As  stated  previously,  several  species  of  corn-borer  parasites  found 
in  the  Orient  were  also  found  in  Europe  and  have  been  imported  to 
the  United  States  from  the  latter  area.  Parker  (9)  has  published  on 
Macrocentrus  gifuensis,  and  Thompson  and  Parker  (13)  have  studied 
and  published  on  Eulimneria  alkae,  formerly  called  E.  crassifemur, 
while  Vance  has  studied  Apanteles  thompsoni  (14)  and  Microgaster 
tibialis  (15).     Jones   (7)  and  Jones  and  Caffrey   (8)  have  reported 
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upon  the  status  of  these  parasites  in  the  United  States.  Some  of  the 
parasite  species  found  in  the  Orient  are  treated  separately  in  the  fol- 
lowing pages,  but  no  biological  information  is  available  about  others 
(Campoplex,  new  sp.,  Microbracon  sp.,  and  Labrorychus  tenuicornis) 
which  were  very  rare,  only  a  few  specimens  having  been  obtained. 

TRICHOGRAMMA  SP. 

Egg  parasites  of  the  corn  borer  in  the  Orient  have  not  been  thor- 
oughly investigated,  but  probably  some  exist.  A  species  of  Tricho- 
gramma  reported  to  be  australicum  was  secured  and  placed  on  eggs 
of  the  corn  borer,  which  it  parasitized.  Adults  of  the  parasite  failed 
to  emerge ;  however,  the  host  eggs  turned  black,  thus  indicating  effec- 
tive parasitization. 

LYDELLA  GRISESCENS  R.  D. 

The  tachinid  Lydella  grisescens  is  the  most  important  dipterous 
parasite  of  the  corn  borer  observed  in  the  Orient.  It  is  one  of  the 
most  widely  distributed  parasites  of  the  pest  in  that  region,  ranging 
from  at  least  Peiping  (Peking)  on  the  north,  eastward  throughout 
Manchuria,  Chosen,  and  Japan.  The  parasite  was  obtained  from  all 
sections  studied,  with  the  exception  of  Taiwan  (in  which  island 
L.  grisescens  apparently  does  not  occur)  and  Tokushima  section. 
More  extensive  collections  probably  would  reveal  its  presence  in  the 
latter  section,  for  it  has  been  found  in  Kochi  Prefecture,  which  is  not 
far  distant  from  Tokushima  section.  Although  this  parasite  has  been 
found  throughout  the  range  of  the  corn  borer  in  the  oriental  areas 
studied,  with  the  exception  of  the  island  of  Taiwan,  it  is  not  found 
abundantly  in  Chientao  section  and  is  certainly  not  of  much  impor- 
tance there.  It  is  found  in  quite  large  numbers  in  Heijo  and  Kanko 
sections  in  Chosen,  in  Utsunomiya  and  Hiroshima  sections  of  Honshu 
Island,  and  in  all  sections  of  Kyushu  Island  (Kumamoto,  Kokubu, 
Miyakonojo,  and  Aso).  It  probably  reaches  maximum  abundance 
in  the  latter  sections.  The  study  of  this  species  was  made  in  Miya- 
konojo and  Kumamoto  sections,  and  the  following  information  applies 
to  these  sections  only. 

The  winter  is  passed  as  an  immature  larva  inside  the  host  larva. 
Emergence  from  the  host  larvae  begins  late  in  January,  and  puparia 
are  very  numerous  in  the  field  during  February.  In  1931  approxi- 
mately 1,000  puparia  were  collected  during  the  first  10  days  of  Febru- 
ary in  Miyakonojo  section.  Puparia  are  found  inside  the  tunnels 
made  by  the  host  larvae  in  the  host  plants.  The  puparium  stage 
lasts  from  1  to  2  months,  and  adults  emerge  in  April  and  May. 

Second-  and  third-instar  borer  larvae  of  the  first  summer  genera- 
tion become  available  for  this  parasite  early  in  June,  and  one  com- 
plete summer  generation  of  Lydella  grisescens  is  passed  on  the  borer 
by  July  1 .  Host  larvae  in  all  stages  are  present  in  the  field  in  Kuma- 
moto and  Miyakonojo  sections  for  the  remainder  of  the  summer  and, 
similarly,  puparia  of  this  parasite  may  be  found  at  almost  any  time 
during  the  season.  There  is  so  much  overlapping  of  the  generations 
of  L.  grisescens  that  it  is  not  possible,  from  present  information,  to 
state  definitely  the  number  of  generations  produced  by  the  parasite 
each  year,  although  probably  four  generations  develop  in  the  presence 
of  average  or  normal  weather  conditions.  A  summer  generation 
of  the  parasite  requires  approximately  20  to  25  days.     This  parasite 
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appears  to  reach  its  greatest  effectiveness  in  the  late  summer  and 
overwintering  generations.  It  is  not  so  effective  as  certain  other 
parasites  on  the  spring  and  early  summer  generations  of  the  borer  in 
Kyushu  Island.  L.  grisescens  has  been  collected  from  P.  nubilalis 
feeding  on  corn,  hemp,  sorghum,  and  millet. 

A  total  of  71,995  adults  of  this  parasite  have  been  obtained  from 
shipments  of  larvae  from  the  oriental  areas.  The  parasite  has  been 
liberated  in  the  United  States  and  has  been  recovered,  indicating 
establishment. 

NEMORILLA  FLORALIS  FALL.  AND  PHOROCERA  ERECTA  COQ. 

Not  a  great  deal  is  known  about  these  two  tachinids  in  the  areas 
studied.  Both  species  were  obtained  from  host  larvae  collected  dur- 
ing the  winter  months  in  Chientao,  Heijo,  and  the  Kyushu  Island 
sections.  A  total  of  1,807  Nemorilla  jioralis  and  835  Phorocera  erecta 
were  collected  in  Heijo  and  Kokubu  sections,  respectively,  in  1932. 
During  1932  a  total  of  2,184  N.  Jioralis  and  1,828  P.  erecta  were  ob- 
tained in  the  United  States  from  oriental  material. 

The  three  dipterous  parasites  given  above  are  the  only  species  of 
this  group  found  parasitizing  the  corn  borer  in  the  Orient,  with  the 
exception  of  one  undetermined  and  malformed  specimen  reared  from 
a  corn-borer  pupa  collected  in  southern  Taiwan. 

EULIMNERIA  ALKAE  (ELL.  AND  SACHT.) 

This  ichneumonid  is  limited  to  the  more  northern  sections  in  which 
Pyrausta  nubilalis  has  been  studied  in  the  Orient.  During  1930, 
1931,  and  1932  a  total  of  16,032  cocoons  of  this  species  were  secured 
in  Chientao  section,  Manchuria.  Parasitization  of  the  borer  of  the 
fall  generation  averages  between  7  and  12  percent  in  normal  years. 
In  the  Heijo  and  Kanko  sections  less  than  500  cocoons  of  this  parasite 
were  obtained,  and  this  seems  to  be  the  southern  limit  of  the  occur- 
rence of  Eulimneria  alkae  in  the  Orient.  This  parasite  has  not  been 
found  on  Honshu,  Shikoku,  or  Kyushu  Islands  of  Japan.  In  Chientao 
section  E.  alkae  is  parasitized  by  what  appears  to  be  a  species  of 
Eupteromalus.  A  total  of  16,045  specimens  of  the  primary  parasite 
have  been  shipped  from  the  Orient  to  the  United  States. 

INAREOLATA  PUNCTORIA  (ROMAN) 

The  ichneumonid  Inareolata  punctoria  is  more  widely  distributed 
than  Eulimneria  alkae,  but  like  the  latter  species  it  is  of  importance 
only  in  the  colder  sections.  It  is  the  most  important  parasite  in  the 
Chientao  section  of  Manchuria.  Parasitization  by  7.  punctoria  in 
this  section  ranges  between  10  and  20  percent  and  in  the  winter  of 
1931-32  it  averaged  17  percent.  The  parasite  is  also  found  in  Kut- 
chan  section  in  Hokkaido,  Japan,  and  in  Heijo  and  Kanko  sections  of 
Chosen,  but  in  the  latter  two  sections  it  is  not  so  important  as  are 
other  parasites. 

Specimens  of  7.  punctoria  have  been  obtained  in  Utsunomiya,  Hiro- 
shima, and  Miyakonojo  sections,  and  in  the  Ijuin  locality  of  Kago- 
shima.  In  the  latter  locality  the  distribution  of  this  species  was  very 
restricted,  as  practically  all  specimens  were  collected  from  two  isolated 
fields. 
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From  1929  to  1932,  inclusive,  a  total  of  30,167  adults  of  /.  punctoria 
were  successfully  obtained  in  the  United  States  from  borer  larvae 
received  from  the  Orient. 

CREMASTUS  FLAVOORBITALIS  (CAMERON) 

The  ichneumonid  Cremastus  flavoorbitalis  (formerly  known  as  C. 
hymeniae  Vier.)  reaches  its  maximum  abundance  in  Kumamoto, 
Kokubu,  and  Miyakonojo  sections,  but  is  also  found  in  Utsunomiya 
and  Hiroshima  sections,  where  it  is  of  some  value  as  a  parasite  of  P. 
nubilalis.  It  seems  to  be  of  particular  importance  in  Kumamoto  sec- 
tion, where  parasitization  of  30  percent  has  been  recorded,  although 
the  average  rate  of  parasitization  in  the  sections  studied  was  lower 
than  this.  The  parasite  normally  passes  the  winter  as  an  immature 
larva  inside  the  dormant  borer  larva,  but  apparently  a  small  number 
overwinter  in  the  cocoon  stage.  An  examination  of  40  cocoons  in 
the  field  in  Kokubu  section  in  February  1932  brought  out  the  fact 
that  not  all  of  the  individuals  of  this  species  were  in  the  host  larvae 
at  this  time  of  the  year.  Two  of  the  cocoons  each  contained  a  live 
C.  flavoorbitalis  larva,  one  contained  a  live  pupa  of  the  parasite,  and 
two  cocoons  each  contained  a  number  of  live  hyperparasites  (Feb.  18, 
1932).  The  remaining  parasite  cocoons  contained  dead  parasites 
in  various  stages  or  were  empty,  the  adults  from  the  empty  cocoons 
probably  having  emerged  during  the  late  fall  months. 

During  field  examinations  made  in  1931  the  first  spring  cocoons  of 
this  parasite  were  found  on  May  3  in  Miyakonojo  section,  and  by 
the  middle  of  May  cocoons  were  numerous  in  the  fields  in  that  terri- 
tory. In  Kumamoto  section  a  full  spring  generation  of  the  parasite 
developed  on  P.  nubilalis  larvae  before  the  end  of  June.  Parasites 
of  C.  flavoorbitalis  in  the  cocoon  stage  reduce  its  effectiveness.  Super- 
par  asitiz  a  tion  also  reduces  the  biotic  potential  of  the  parasite,  since 
from  1  to  3  parasites  of  this  species  have  been  dissected  from  a  single 
host  larva  collected  in  the  field,  and  apparently  only  1  parasite  per 
host  can  mature  and  successfully  emerge.  Under  field  conditions 
only  1  cocoon  of  this  species  is  found  with  the  remains  of  each  host. 
Starvation  rather  than  cannibalism  appears  to  be  responsible  for  the 
elimination  of  surplus  individuals,  as  judged  by  dissections  of  super- 
parasitized  larvae,  wjnch  usually  revealed  one  or  more  dead  parasites 
within  each  host. 

On  Kyushu  Island  C.  flavoorbitalis  was  recovered  from  overwinter- 
ing borers  collected  from  millet,  and  also  from  summer-generation 
borers  obtained  from  hemp.  On  this  island  this  parasite  seems  to 
reach  its  maximum  effectiveness  during  the  .spring  months,  but  other 
species  (Macrocentrus  gifuensis  and  Ly  delta  grisescens)  apparently 
supplant  it  later  in  the  summer.  C.  flavoorbitalis  has  been  found  in 
Tokushima  section  on  Shikoku  Island,  but  investigations  in  this 
territory  were  not  extensive  enough  to  yield  a  reliable  estimate  of  its 
value  as  a  parasite  of  the  corn  borer  when  infesting  indigo  plants. 

This  parasite  is  quite  hardy  under  favorable  conditions.  Adults 
were  kept  alive  for  a  period  exceeding  2  months  during  the  summer 
of  1931,  even  under  the  handicap  of  high  room  temperatures. 

C.  flavoorbitalis  has  been  imported  into  the  United  States  in  increas- 
ing numbers;  thus,  439  adults  were  obtained  in  1929,  1,471  in  1930, 
2,759  in  1931,  and  12,582  in  1932,  bringing  the  total  number  of  adults 
secured  during  this  4-year  period  to  17,251. 
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This  parasite  is  also  present  in  the  Hawaiian  Islands,  where  it  is 
an  important  parasite  of  the  coconut  leaf  roller,  Omiodes  blackburni 
(Butler),  and  attacks  28  other  species  of  insects  (11).  Undoubtedly 
it  will  find  other  hosts  than  the  corn  borer  in  the  United  States, 
which  may  aid  in  its  establishment  and  maintenance  if  synchroniza- 
tion with  the  seasonal  development  of  P.  nubilalis  is  not  established. 

MICROGASTER  TIBIALIS  NEES 

The  braconid  Microgaster  tibialis,  in  common  with  Eulimneria  alkae 
and  Inareolata  punctoria,  is  limited  in  effectiveness  to  the  colder 
regions  of  the  Orient.  It  has  been  obtained  in  the  field  from  practi- 
cally all  sections,  but  only  in  the  Chientao  section  does  it  appear  to 
be  an  effective  aid  in  the  control  of  P.  nubilalis.  Parasitization  of 
the  overwintering  borers  averaged  approximately  1.5  percent  during 
the  3-year  period  1930-32.  A  total  of  2,750  cocoons  of  this  species 
have  been  imported  into  the  United  States  from  the  Orient. 

APANTELES  SPP. 

Two  species  of  Apanteles,  one  of  which  has  been  determined  to  be 
the  same  as  the  European  species  A.  thompsoni  Lyle,  are  found  in  the 
Asiatic  regions.  Males  of  the  other  species  are  present.  These 
braconids  do  not  seem  to  be  of  much  importance  in  any  section  in 
the  oriental  areas  studied.  They  are  found  in  largest  numbers  in 
Chientao  section  but  have  also  been  found  on  Hokkaido,  Honshu, 
Shikoku,  and  Kyushu  Islands.  A  total  of  288  adults  of  Apanteles  sp. 
were  obtained  prior  to  1932  and  277  adults  of  A.  thompsoni  were 
obtained  from  borer  larvae  received  from  the  Orient  during  1932. 

MACROCENTRUS  GIFUENSIS  ASHMEAD 

The  braconid  Macrocentrus  gifuensis  is  one  of  the  most  important 
parasites  of  the  corn  borer  in  the  Orient.  It  has  approximately  the 
same  distribution  as  Lydella  grisescens  and  is  important  in  the  same 
regions,  particularly  in  the  sections  of  Kyushu  Island,  Japan,  and  in 
Heijo  section  of  Chosen.  In  the  former  sections  the  peak  of  its 
effectiveness  seems  to  come  during  midsummer.  Consequently  it 
follows  Cremasius  flavoorbitalis  and  precedes  L.  grisescens  in  seasonal 
sequence,  although  individuals  of  these  three  species  are  present  at 
the  same  time.  As  shown  by  Parker  (9),  this  polyembryonic  insect 
passes  the  winter  in  the  egg  stage  inside  the  overwintering  host  larva. 

It  is  important  to  note  that  this  species  seems  to  be  an  important 
parasite  in  sections  where  it  is  apparently  too  cold  for  the  warm- 
climate  species  Cremastus  flavoorbitalis ,  and  still  not  suitable  for  those 
parasites,  such  as  Inareolata  punctoria,  Eulimneria  alkae,  and  Micro- 
gaster tibialis,  that  appear  to  be  better  adapted  to  the  cooler  regions. 

A  total  of  140,240  adults  of  Macrocentrus  gifuensis  were  obtained 
from  material  received  from  oriental  regions  during  1929,  1930,  1931, 
and  1932.  Of  the  above  total,  133,155  adults  were  obtained  during 
1932. 

BRACON  ATRICORNIS  (SMITH) 

Bracon  atricornis  is  a  rather  large  species  which,  so  far  as  known, 
is  not  an  important  parasite  of  P.  nubilalis  in  any  locality  in  the  Orient. 
A  total  of  221  adults  of  this  parasite,  however,  have  been  reared  from 
borer  larvae  received  from  the  Orient,  particularly  from  larvae  col- 
lected in  Miyakonojo  section.     It  may  be  interesting  to  note  that 
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B.  atricornis,  or  a  very  similar  species,  is  obtained  in  very  small 
numbers  from  larvae  of  P.  nubilalis  collected  in  Europe. 

BEAUVERIA  BASSIANA  (BALS.)   VUILLEMAN 

The  fungus  Beauveria  bassiana  was  recorded  from  all  portions  of 
the  Asiatic  area  studied,  except  Taiwan.  However,  only  larvae  col- 
lected in  Hokkaido,  Manchuria,  or  Chosen  seemed  to  be  seriously 
infected  with  this  disease.  In  the  winter  of  1929-30  the  larvae  in  a 
collection  of  10,000  were  so  seriously  infected  that  they  were  of  no 
value  as  a  source  of  insect  parasite  material.  A  total  of  204,000 
larvae  of  those  collected  during  the  earlier  seasons  became  infected 
and  a  mortality  exceeding  90  percent  resulted.  Later,  as  a  result  of 
increased  experience  and  improved  technic,  the  collection  and  ship- 
ment of  parasite  material  was  not  seriously  interfered  with  by  infec- 
tions of  this  disease.  Less  than  5  percent  of  overwintering  borer 
larvae  in  eastern  Manchuria  were  infected  by  this  disease,  as  deter- 
mined by  careful  field  examinations  made  in  the  early  winter  months 
of  1931,  and  usually  the  mortality  from  this  factor  was  much  less 
than  the  above-mentioned  figure.  Only  1  larva  killed  by  this  disease 
was  found  in  an  examination  of  288  larvae  obtained  from  sorghum 
stalks  at  Lung  Ching  Tsun,  Manchuria,  in  March  1932. 

HEXAMERMIS  MERIDIONALIS  STEINER 

The  mermithid  worm  Hexamermis  meridionalis  was  first  obtained 
from  corn-borer  larvae  collected  from  hemp  plants  growing  in  the 
vicinity  of  Iimuro,  Hiroshima  section,  in  1930.  In  that  year  parasit- 
ization  by  this  species  attained  30.91  percent  in  the  above  locality. 
The  following  year  (1931),  in  the  same  locality,  a  parasitization  of 
28.89  percent  was  recorded,  yet  collections  10  miles  away  exhibited 
little  or  no  parasitization  by  H.  meridionalis.  Maximum  parasitiza- 
tion by  this  nematode,  or  a  closely  allied  species,  appears  to  be 
restricted  to  the  Iimuro  locality,  for,  although  this  worm  has  been 
found  in  Utsunomiya,  Kumamoto,  Heijo,  and  Tainan  sections,  no 
more  than  10  specimens  of  the  parasite  were  obtained  from  any  of 
these  sections. 

Usually  only  1  to  3  nemas  were  obtained  from  a  single  host  larva, 
although  on  one  occasion  22  specimens  of  this  nematode  emerged  from 
a  single  corn-borer  larva  under  observation.  These  ranged  from  4 
to  6  centimeters  in  length.  No  live  specimens  of  this  parasite  have 
been  sent  to  the  United  States. 

H.  meridionalis  has  been  reported  by  Plank  (10)  as  infesting  larvae 
of  the  sugarcane  borer  (Diatraea  saccharalis  (Fab.))  in  Cuba.  This 
nematode  has  been  collected  in  South  America  (Paraguay)  and  in 
many  localities  in  the  United  States. 

PHAEOGENES  SP. 

During  the  period  1929-31  the  summer  collections  of  corn-borer 
pupae  were  confined  to  the  sections  on  Honshu  and  Kyushu  Islands. 
The  ichneumonid  Phaeogenes  sp.  was  obtained  in  a  number  of  these 
collections,  but  the  majority  were  obtained  from  collections  made  on 
Honshu  Island  in  Utsunomiya  and  Hiroshima  sections,  particularly 
in  the  former.  The  host  pupae  from  which  this  parasite  was  reared 
were  collected  from  hemp.     The  maximum  parasitization  recorded 
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was  11.9  percent  in  a  collection  made  at  Kanuma,  Utsunomiya  section, 
during  July  1930.  It  is  estimated  that  195  specimens  of  this  parasite 
were  sent  to  the  United  States,  some  in  the  adult  stage  and  some  as 
pupae  inside  the  host  pupae,  with  provision  for  adult  parasite 
emergence   en   route. 


XANTHOPIMPLA  STEMMATOR  THUNBERG 


The  ichneumonid  Xanthopimpla  stemmator  is  an  important  parasite 
in  certain  parts  of  Tainan  section,  Taiwan.  It  has  been  collected  at 
Shinkwa,  Shin-ei,  Eiko,  and  Heito.  It  has  not  been  found  on  P. 
nubilalis  in  any  other  section  investigated.  This  parasite  emerges 
from  pupae  of  the  corn  borer,  but  nothing  is  known  of  its  immature 
stages.  The  stage  of  the  borer  attacked  by  this  parasite  is  not 
positively  known  but  is  believed  to  be  the  pupa.  If  this  assumption 
is  true,  the  parasite  probably  has  a  life  cycle  of  approximately  23 
days  in  Tainan  section.  This  assumption  is  based  upon  records  made 
in  1932.  In  the  field  at  Shinkwa  only  2.6  percent  of  the  borers  had 
pupated  on  April  27,  but  when  collections  were  made  May  1  to  5  the 
pupae  had  become  abundant.  Weighted  averages  of  emergence 
records  gave  23  days  as  the  approximate  duration  of  the  life  cycle. 
Males  of  the  parasite  emerge  1  day  earlier  than  the  females,  on  an 
average. 

Xanthopimpla  stemmator  does  not  require  a  specific  host;  it  has  been 
recorded  from  the  sugarcane  borers  (Grapholitha)  Olethreutes  schist- 
aceana  Snell.,  Diatraea  injuscatellus  Snell.,  and  Diatraea  venosata 
Walk.,  and  the  sweetpotato  vine  borer  Omphisa  anastamosalis  Guen. 
("satsumaimo-no-meiga"  of  the  Japanese).  It  is  particularly 
interesting  to  note  the  latter  host,  for  sweetpotatoes  are  interplanted 
commonly  with  sweet  corn,  the  two  crops  being  planted  in  alternate 
rows  in  the  same  field.  The  parasitization  of  P.  nubilalis  by  this 
species  in  the  vicinity  of  Tainan  reached  39.35  percent  in  1931,  but 
examinations  of  corn-borer  pupae  collected  in  the  fields  in  the  vicinity 
of  Heito  indicated  that  this  parasite  is  not  important  in  that  locality. 
There  is  at  least  one  species  of  hyperparasite,  but  it  does  not  seem  to 
be  important.  Table  5  is  a  summary  of  data  recorded  for  X.  stem- 
mator in  1931  and  1932. 


Table  5. — Data  on  parasitization  of  pupae  of  the  European  corn  borer  by  Xantho- 
pimpla stemmator  in  Tainan  section,  Taiwan,  1931  and  1932 


Locality 

Dates  of  collection 

Pyrausta 

nubilalis 

pupae 

collected 

Pupae  parasitized  by 
X.  stemmator 

X.  stemmator  parasit- 
ized (hyperparasites) 

Shinkwa 

Heito...  . 

/Apr.  17-May  20,  1931 

\Apr.  27-May  5,  1932 

/May  11,  1931 

Number 

681 

473 

8,671 

18 

156 

Number 
268 
73 
2 
0 
25 

Percent 

39.35 

15.43 

.02 

.00 

16.03 

Number 
10 
0 
0 
0 
0 

Percent 
3.73 
0 
0 

lApr.  29,  1932 

0 

Eiko... __ 

May  2,  3,  1932 

0 

The  maximum  parasitization  found  was  80.95  percent  and  22.14 
percent  at  Shinkwa  in  1931  and  1932,  respectively.  The  records  show 
more  females  than  males  reared  from  field-collected  host  pupae.  In 
the  1931  and  1932  collections  the  females  composed  approximately  62 
percent  of  the  total  adults  obtained. 
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Mating  is  easily  obtained  in  laboratory  cages  soon  after  the  adults 
emerge.     The  mating  usually  takes  from  30  to  60  seconds. 

The  information  given  above  is  of  somewhat  doubtful  value  owing 
to  the  later  discovery  that  two  species,  X.  stemmator  Thunb.  and 
X.  punctata  (Fab.),  are  involved  in  the  records,  although  stemmator  is 
the  predominating  species. 

Fifty-seven  female  and  16  male  Xanthopimpla  were  brought  alive 
from  Taiwan  to  the  United  States  in  June  1932. 

TRICHOMMA  CNAPHALOCROCIS  UCHIDA 

Trichomma  cnaphalocrocis  is  a  very  large  parasite  that  has  been 
reared  from  pupae  of  P.  nubilalis  only  in  Taiwan.  Even  in  that 
location  it  is  not  nearly  so  important  a  parasite  as  Xanthopimpla  stem- 
mator, yet  it  occurs  in  some  numbers  each  year.  A  total  of  619  pupae 
collected  from  5  fields  at  Shinkwa  and  Eiko  during  the  spring  of  1932 
revealed  a  parasitization  of  2.91  percent  by  T.  cnaphalocrocis,  on  an 
average,  with  a  maximum  parasitization  of  7  percent  of  the  pupae  from 
one  field.  Nothing  is  known  of  the  early  stages  or  biology  of  this 
parasite. 

In  June  1932  an  attempt  was  made  to  transport  live  adults  of 
T.  cnaphalocrocis  from  Shinkwa,  Taiwan,  to  the  Arlington,  Mass., 
laboratory  in  the  United  States,  but  only  1  male  and  3  females  were 
alive  when  the  destination  was  reached. 

BRACHYMERIA  EUPLOEAE  (WESTWOOD) 

The  pupal  parasite  Brachymeria  euploeae  was  first  found  at  Kuma- 
moto  in  June  1930.  Later  it  was  found  in  Utsunomiya  section,  but 
only  a  few  specimens  were  obtained.  At  Kumamoto,  however,  this 
parasite  is  commonly  secured  in  rearings  from  host  pupae  in  June. 
There  is  some  doubt  as  to  whether  this  parasite  attacks  the  pupa  or 
an  earlier  stage  of  the  borer.  Nothing  is  known  of  its  earlier  stages. 
A  test  shipment  of  10  adults  was  made  to  the  United  States  in  1930, 
but  they  died  en  route. 

PLOCHIONUS  SP. 

Larvae  of  a  carabid  beetle,  probably  a  species  of  Plochionus,  were 
often  found  in  the  tunnels  made  by  corn-borer  larvae.  These  beetle 
larvae  were  usually  eating  corn-borer  larvae  but  were  also  observed  to 
eat  into  the  cocoons  of  Cremastus  jlavoorbitalis  in  hemp  plants  in 
Kumamoto  section.  The  Plochionus  larvae  were  found  throughout 
Japan  proper.  In  Kutchan  section  they  were  observed  during  the 
spring  months  feeding  on  the  overwintering  P.  nubilalis  larvae 
hibernating  in  bamboo  bean  poles.  No  attempt  was  made  to  ship 
this  beetle  to  the  United  States. 

BIRDS 

The  beneficial  activities  of  birds  in  relation  to  overwintering  borer 
larvae  were  observed  in  Kutchan  section  of  Hokkaido,  Japan.  In 
this  section  the  bamboo  poles  commonly  sheltering  the  borers  during 
the  winter  often  contained  holes  made  by  birds,  probably  woodpeckers 
(order  Pici).  The  holes  were  located  mainly  along  the  upper  inter- 
node,  indicating  that  the  birds  could  determine  the  location  of  the 
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larvae  or  that  they  had  learned  by  experience  where  the  larvae  might 
be  found.  Judging  by  the  number  of  holes  in  the  bamboo  stems,  the 
number  of  borers  destroyed  by  birds  in  this  section  must  have  been 
very  large  indeed.  No  bird  activities  having  any  relation  to  P.  nubi- 
lalis were  observed  in  any  other  part  of  the  Orient. 

COLLECTION  AND  SHIPMENT  OF  CORN-BORER  PARASITES 

During  the  time  the  distribution  of  Pyrausta  nubilalis  and  the  prin- 
cipal host  plants  attacked  by  it  in  the  Orient  were  being  investigated, 
small  collections  of  P.  nubilalis  were  made  from  various  localities,  and 
information  regarding  the  parasites  present,  their  relative  importance, 
and  approximate  distribution,  was  obtained.  This  information,  sup- 
plemented by  additional  information  derived  from  later  rearings  of 
parasites  and  dissections  of  host  larvae,  served  as  a  basis  for  collections 
of  parasites  and  parasite  material  (host  larvae  and  pupae).  This 
procedure  was  similar  to  that  practiced  and  found  satisfactory  in  the 
work  in  Europe  (8). 

The  method  followed  in  securing  parasites  for  shipment  to  the 
United  States  varied  according  to  the  local  conditions  existing  in  the 
various  sections,  the  particular  species  of  parasites  to  be  obtained, 
their  biology,  the  plants  from  which  the  parasites  or  parasite  hosts 
were  obtained,  and  many  other  factors  of   importance. 

Parasites  of  P.  nubilalis  pupae  (Phaeogenes  sp.  and  Brachymeria 
euploeae)  were  obtained  in  relatively  small  numbers  only,  and  were 
collected  in  host  pupae,  by  permanent,  trained  assistants,  directly 
from  the  infested  host  plants. 

The  1,064  cocoons  of  Cremastus  flavoorbitalis  shipped  to  the  United 
States  in  June  1930  and  June  1931  (table  7)  were  obtained  by  cutting 
up  all  the  hemp,  piece  by  piece,  in  three  small,  but  heavily  infested 
fields. 

In  Chientao,  Kanko,  and  Heijo  sections  parasite  material  was 
obtained  from  grain-sorghum  plants.  The  procedure  found  most 
satisfactory  in  actual  practice  in  these  sections  was  to  purchase 
infested  sorghum  stems  immediately  following  the  harvesting  of  the 
crop  in  the  fall  and  before  the  advent  of  cold  weather.  The  price  to 
be  paid  for  infested  stems  was  determined  by  a  plant-infestation  sur- 
vey conducted  just  previous  to  and  during  the  harvesting  season.  An 
attempt  was  made  to  so  fix  the  price  that  anyone  of  average  industry 
would  receive  approximately  the  prevailing  wage  of  the  locality  for  a 
full  day's  work.  Infested  sorghum  stems  were  cut  in  approximately 
18-inch  lengths  and  packed  in  bundles  of  100  stems  each.  Five  of 
these  small  bundles  were  then  tied  in  larger  bundles  or  bales,  and  in 
this  condition  they  were  brought  from  the  various  farms  to  a  central 
place  previously  designated.  When  sufficient  infested  stems  had 
accumulated  at  the  central  location,  laborers  were  hired  to  remove  the 
corn-borer  larvae  and  parasites  from  the  stems.  The  number  of 
laborers  hired,  usually  between  25  and  200,  depended  upon  the  quan- 
tity of  material  and  the  time  available  in  which  to  do  the  work.  In 
Chientao  section  the  laborers  found  most  available  and  most  satis- 
factory were  Korean  women  (fig.  6),  while  in  Heijo  section  it  was  pos- 
sible to  engage  high-school  students,  with  their  teachers  acting  as 
foremen.  At  one  time  grade-school  children  were  engaged,  at  piece- 
work rate,  to  collect  larvae  directly  from  the  fields,  but  this  method 
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proved  unsatisfactory  because  many  of  the  larvae  obtained  in  this 
way  were  injured  and  a  heavy  mortalitv  resulted  (see  shipments  for 
1929-30,  table  6). 

The  laborers  hired  to  obtain  the  larvae  and  cocoons  from  infested 
sorghum  stems  were  usually  seated  in  one  or  more  large  circles  or  in 
long  rows  on  straw  matting  on  the  ground.  Each  person  was  given  a 
can  containing  folded  newspaper  in  which  to  put  all  corn-borer  larvae 
as  rapidly  as  they  were  obtained  from  the  sorghum  stems.  All  stems 
found  to  contain  parasite  cocoons,  which  the  workers  learned  to 
recognize  quite  readily,  were  placed  in  a  separate  pile  at  the  side  of 
each  " cutter."  Each  group  of  approximately  25  cutters  was  super- 
vised by  a  foreman  whose  duty  it  was  to  see  that  the  laborers  of  his 
group  were  continuously  supplied  with  infested  stems,  at  intervals 
to  collect  the  stems  which  had  been  found  to  contain  cocoons,  and  to 
replace  collecting  cans  as  often  as  necessary.     Each  cutter  had  bundles 


Figure  6.— Women  removing  corn-borer  larvae  and  parasites  from  sorghum  stems,  Lung  Ching  Tsun, 

Manchuria. 


of  infested  stems  within  easy  reach,  and  after  examination  the  empty 
and  cut  stems  were  thrown  back  of  the  ring  of  cutters,  where  they  were 
out  of  the  way  and  could  be  collected  at  intervals  and  disposed  of. 
Collecting  cans  containing  larvae  and  stems  containing  parasite  co- 
coons were  taken  by  the  foreman  to  a  table  situated  at  one  section  in 
the  row  or  circle  of  cutters.  Here  an  assistant,  usually  one  of  the 
permanent  men  well  trained  in  the  work,  and  his  helpers  would  sort 
the  larvae  to  remove  all  dead  or  injured  individuals  or  any  insects  of 
species  other  than  Pyrausta  nubilalis.  These  men  would  also  care- 
fully remove  the  cocoons  of  parasites  from  the  stems  containing  them 
and  sort  the  various  species  (principally  Microgaster  tibialis  and 
Eulimneria  alkae)  into  separate  groups. 
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The  corn-borer  larvae  obtained  were  packed  in  practically  the  same 
manner  as  those  sent  to  the  United  States  from  Europe  by  H.  L. 
Parker  and  his  assistants  at  the  European  parasite  laboratory.  The 
larvae  were  placed  in  strips  of  corrugated  cardboard  tied  into  packets 
or  "cores",7  400  larvae  being  placed  in  each  core  (fig.  7,  A).  Each 
core  containing  larvae  was  placed  in  a  metal  shipping  can,  and  each 
can  was  packed  in  an  individual  corrugated  cardboard  box  (fig.  7, 
B  and  <7). 

Parasite  cocoons  were  placed  in  pill  boxes,  25  cocoons  to  each  box, 
and  the  pill  boxes  containing  the  cocoons  were  packed  tightly  in 
wooden  boxes.  Cocoons  of  different  species  of  parasites  were  packed 
separately. 

In  southern  Japan  (Miyakonojo  and  Kokubu  sections),  where 
larvae  were  obtained  from  millet,  a  somewhat  different  procedure  was 
followed.  Here  farmers  and  their  families  collected  the  insects  direct 
from  millet  stems  and  crop  debris  in  their  own  and  neighboring  fields 
and  brought  them  to  a  designated  place.  The  collectors  were  paid 
at  a  piecework  rate  depending  on  the  abundance  of  the  borers  in  the 
field  as  determined  by  a  previous  survey  made  by  trained  assistants. 

Borer  larvae  and  parasite  cocoons,  which  had  been  placed  in 
shipping  cans  and  boxes  at  the  locations  where  collected,  were  shipped 
by  fast  express  to  Kobe,8  Japan,  where  they  were  given  a  very  careful 
final  examination  and  packed  in  cartons  and  crates  9  (fig.  8)  prepara- 
tory to  shipment.  When  necessary,  these  crates  of  material  ready 
for  shipment  were  placed  in  commercial  cold-storage  warehouses 
under  proper  conditions  of  temperature  and  moisture  until  the  arrival 
of  a  suitable  ship  upon  which  they  could  be  shipped.  Larvae  and 
parasite  cocoons  were  stowed  in  the  vegetable  or  fruit  cold-storage 
rooms  of  large  ships  sailing  from  Kobe  direct  to  Boston  via  the  Suez 
Canal.  The  number  of  larvae  shipped  from  the  Orient  to  the  United 
States  during  the  period  1928-32  is  given  in  table  6. 

The  success  of  the  shipments  listed  in  table  6  may  be  judged  by  the 
fact  that,  unless  otherwise  noted  (see  shipments  from  Chosen  and 
Manchuria,  season  of  1929-30),  approximately  95  percent  of  the  larvae 
contained  therein  were  received  at  Arlington,  Mass.,  alive  and  in 
good  condition. 

Parasites  shipped  in  the  cocoon  or  adult  stages  consisted  of  six 
species:  Phaeogenes  sp.,  Brachymeria  euploeae,  Cremastus  flavoorbi- 
talis,  Eulimneria  alkae,  Microgaster  tibialis,  and  Inareolata  punctoria 
(table  7). 

"  Cores  impregnated  with  hot  beeswax  were  used  during  the  1930-31  and  1931-32  seasons.  The  wax- 
impregnation  process  was  developed  by  W.  G.  Bradley  of  the  Arlington,  Mass.,  laboratory,  and  was  found 
to  be  an  improvement,  as  it  strengthened  the  cores  and  made  them  waterproof.  The  increased  strength  of 
the  cores  made  it  possible  to  dispense  with  the  practice  of  tying  them  with  wire,  and  small  rubber  bands 
were  substituted.    This  saved  considerable  time  in  core  preparation  and  had  other  advantages  as  well. 

8  One  of  the  major  changes  in  collection  technic  was  the  shipment  to  Kobe,  by  fast  express  (although  the 
time  necessary  was  4  days  in  some  cases) ,  of  all  corn-borer  larvae  and  parasite  cocoons  as  rapidly  as  they 
could  be  packed  and  shipped.  No  refrigeration  was  available  on  the  train  trip,  but,  as  shipments  weremade 
during  cold  weather,  this  was  not  an  important  factor.  This  procedure  was  begun  in  the  fall  of  1930.  The 
previous  year  the  larvae  and  parasites  had  been  allowed  to  accumulate  in  the  collection  areas  and  were  not 
taken  to  Kobe  until  the  end  of  the  collecting  season  in  the  field. 

»  The  heavy  wooden  crates  were  first  used  for  the  shipments  of  larvae  made  during  the  1930-31  season. 
These  crates  were  prepared,  and  addresses  and  other  marks  were  put  on  with  the  aid  of  stencils,  before  the 
busy  collecting  season  began,  which  greatly  speeded  up  the  final  packing. 
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Figure  7.— Method  of  packing  corn-borer  larvae  for  shipment:  A,  Cores  used  for  packing  larvae;  B,  ship- 
ping cans;  C,  cans  packed  in  separate  boxes. 
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Figure  8—  Method  of  packing  larvae  for  shipment:  A,  Boxes  of  larvae;  B,  crates  of  larvae  ready  for  ship- 
ment; C,  transporting  shipment  to  wharf. 
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Table  6. — Larvae  of  the  European  corn  borer  shipped  to  the  United  States1  from 
the  Orient  during  4  seasons 


Section 

Place  collected  2 

Larvae  shipped 

Principal  parasites  in 

1928-29 

1929-30 

1930-31 

1931-32 

Total 

host  larvae 

Kutchan,  Japan. .. 

Miyakonojo,     Ja- 
pan. 

Kumamoto,  Japan 

Kagoshima,  Japan. 

Kokubu, Japan.   . 

5,200 
122,069 

5,200 

1,065,869 

2,500 
2,000 

534,400 

}  621, 175 
58,000 

300,400 

1,600 

Lydella  grisescens  and 

Apanteles  thompson  i. 
L.  grisescens,  Cremas- 

tus  flavoorbitalis,  and 

Bracon  atricornis. 
L.   grisescens  and   C. 

flavoorbitalis. 
C.    flavoorbitalis,    Ne- 

morilla   floralis,    L. 

grisescens,  and  Pho- 

rocera  erecta. 
C.    flavoorbitalis    and 

N.  floralis. 

Inareolata  punctoria. 

Macrocentrus  gifuen- 
sis  and  L.  grisescens. 

M.  gifuensis  and  L. 
grisescens. 

M.  gifuensis  and  L. 
grisescens. 

Miyakonojo 
Kumamoto- 

183,  000 

602, 400 

2,500 
2,000 

158,  400 

Kokubu 

Kokubu.-  . 

534,  400 

f«  131,  875 
\«  276,  400 

Chientao... 
Heijo 

( Lung  Ching  Tsun, 
\    Manchuria. 
Shariin,  Chosen... 

6  20,000 

3 140,  000 
7  38,000 

7  64,000 

72,900 

Heijo  -  -.- 

236,  400 

Kanko 

Kanko,  Chosen 

1,600 

Total. 

147,  269 

425, 000 

681,400 

1,  337, 475 

2, 591, 144 

1  In  addition  to  the  total  given,  12,000  larvae  were  sent  to  the  island  of  Guam  in  the  1930-31  season.    These 
were  obtained  at  Miyakonojo. 

2  The  name  of  the  place  given  as  the  collecting  point  refers  to  a  locality  with  the  town  given  as  the  center. 

3  112,000  were  infected  with  a  fungus  disease  and  90  percent  of  them  died. 

4  Spring  collection,  1932. 
s  Fall  collection,  1931. 

6  Collection  from  both  Shariin  and  Anshu,  Chosen. 

7  These  larvae  were  infected  with  a  fungus  disease  and  90  percent  of  them  died. 

Table  7. — Parasites  of  the  European  corn  borer  shipped  to  the  United  States  from 
the  Orient  in  the  adult  and  cocoon  stages 


Parasite  species 

Place  collected 

Section 

Stage 
shipped 

1930 

1931 

1932 

Total 

[Lung     Ching     Tsun, 

\    Manchuria. 

do 

ichientao 

...do 

(Adult- .. 
I  Cocoon  . 

--.do 

--.do 

Adult.  -  . 
I  Pupal.  __ 

13 

i  2, 430 

41 

744 

10 

}l6, 045 
41 

Inareolata  punctoria 

6,477 

3  7, 125 

Cremastus  flavoorbitalis. . . 
Brachymeria  euploeae 

Kumamoto,  Japan 

do 

Utsunomiya,  Japan 

Lung     Ching     Tsun, 
Manchuria. 

Kumamoto . 
...do 

320 

1,064 
10 

Utsunomiya 
Chientao 

120 
MO 

1 

Phaeogenes  sp 

I    do 

L      195 

(Adult.  _- 
Cocoon.. 

35 
600 

Microgaster  tibialis.. 

800 

3 1,  350 

2,750 

Total 

3,873 

7,757 

8,475 

20,105 

1  50  additional  cocoons  were  sent  to  Guam  in  1930. 

2  P^stimate;  400  field-collected  pupae  were  shipped. 

3  March  1932. 


All  of  the  parasites  shipped  in  the  cocoon  stage  reached  Arlington  in 
good  condition.  Considering  the  great  distance  traversed,  those  para- 
site shipments  in  the  pupal  or  adult  stage,  or  so  packed  and  shipped  as 
to  allow  adults  to  emerge  en  route,  should  be  considered  successful, 
since  in  the  majority  of  instances  at  least  50  percent  arrived  at  their 
destination  alive. 
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AGRICULTURAL    AND    OTHER    PRACTICES    AFFECTING    THE    CORN 

BORER 

There  are  a  number  of  agricultural  and  other  practices  that  affect 
the  abundance  of  the  corn  borer  in  the  Orient.  These  practices, 
although  having  a  very  direct  effect  on  the  corn  borer,  are  not  used 
primarily  for  this  reason  but  constitute  the  custom  of  the  people  of 
the  sections  studied  or  are  due  to  the  prevailing  economic  conditions. 

HARVESTING  AND  PROCESSING  HEMP 

As  was  mentioned  in  a  previous  paragraph,  the  corn-borer  moths  of 
the  first  summer  generation,  in  Utsunomiya  section,  emerge  late  in 
July,  thus  coinciding  with  the  harvesting  season  of  hemp,  the  most 
important  host  plant  in  the  section  for  this  generation  of  the  borer. 
At  the  time  of  harvest  many  pupae  and  full-grown  larvae  are  present 
in  the  stems.  Some  of  the  moths  have  emerged  and  deposited  eggs 
on  the  hemp  leaves  and  a  small  number  of  immature  borers  are  present 
on  or  in  the  plant.  Soon  after  the  plants  are  harvested  by  the  custom- 
ary method  of  grasping  a  handful  at  a  time  and  pulling  up  the  plants,' 
the  leaves  and  roots  are  cut  off  with  a  long,  thin-bladed  knife.  The 
leaves  fall  to  the  ground  and  soon  dry  out,  thus  killing  any  eggs 
present.  The  stripped  stems  are  then  placed  in  large  barrellike  con- 
tainers and  boiled.  This  changes  the  color  of  the  plants  from  a  bright 
fresh  green  to  a  brown  and  serves  to  kill  all  borers  and  pupae  in  the 
plant  at  the  time  of  treatment.  Thus  every  stage  of  the  corn  borer  on 
or  in  the  hemp  plant  at  the  time  of  harvest  is  killed.  (Incidentally 
this  procedure  also  results  in  the  death  of  any  parasites  present  in  the 
treated  hemp  stems.)  However,  there  are  still  numerous  moths  in 
flight  which  furnish  a  nucleus  for  another  generation,  although  the 
normal  processing  of  hemp  in  this  area  must  reduce  the  borer  popula- 
tion tremendously.  The  above  practice  is  not  followed  as  a  control 
measure  for  the  insect,  but  if  the  condition  of  the  crop  will  allow  a 
slight  deviation  from  the  existing  practice,  harvesting  a  week  or  so 
earlier  should  very  nearly  eliminate  the  insect  in  this  section. 

HARVESTING  AND  THE  USES  OF  GRAIN  SORGHUM  OR  KAOLIANG 

Grain  sorghum,  a  member  of  the  grass  family,  is  harvested  in  practi- 
cally the  same  manner  throughout  the  Heijo,  Kanko,  and  Chientao 
sections.  In  the  fall,  when  the  plants  are  fully  mature,  they  are  cut 
by  hand  with  a  sickle  and  left  in  shocks  in  the  field  to  dry  for  a  short 
period.  The  grain,  which  grows  in  a  compact  head  at  the  top  of  the 
stalk,  is  harvested  by  pushing  over  the  shocks  and  cutting  off  each 
head  of  grain  with  a  sickle.  A  stem  from  6  to  12  inches  in  length  is 
left  projecting  below  the  grain  head,  and  this  stem  is  used  for  a  handle 
or  as  a  place  to  tie  the  heads  into  a  bundle.  Thousands  of  acres  of 
grain  sorghum  are  harvested  in  this  primitive  manner.  The  reaction 
of  the  corn  borer  in  sorghum  differs  from  its  normal  habits  when  in- 
festing corn.  In  sorghum  there  seems  to  be  less  migration  of  partly 
grown  larvae  from  the  upper  to  the  lower  portions  of  the  stalk,  with 
the  result  that  the  large  majority  of  the  full-grown  larvae  are  found 
in  the  upper  3  feet  of  stalk  when  the  crop  is  cut  in  the  fall.  Therefore 
stubble  becomes  of  small  importance  and  the  disposal  of  the  remainder 
of  the  plant,  particularly  the  upper  third  of  the  stalk,  assumes  greater 
interest. 
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The  uses  of  sorghum  stalks  are  many.  In  these  rather  primitive 
communities  everything,  including  crop  remnants,  has  an  economic 
value.  Sorghum  stalks  are  sold  as  a  commodity  in  the  country  mar- 
kets, although  the  quantity  disposed  of  in  this  manner  is  small. 
Large  pottery  vessels  are  made  in  certain  places  in  Chosen  and  Man- 
churia, which  are  used  by  the  natives  to  carry  water  from  the  wells  or 
rivers  to  the  houses  or  as  containers  for  storing  grain.  When  these 
jugs  are  shipped  from  the  place  of  manufacture  to  the  various  mar- 
kets, sorghum  stems  are  often  used  for  wrapping  material.  These 
stems  are  sometimes  infested  with  the  borer. 

Sorghum  stems  often  function  as  laths  in  the  construction  of  the 
mud  walls  of  farmhouses.  The  stems  are  placed  vertically  and  hori- 
zontally and  woven  in  and  out,  usually  being  tied  with  rope  made  of 
rice  straw.  After  the  framework  of  the  house  is  completed  and  the 
side  walls  are  covered  with  the  sorghum-stem  lath  work,  a  thick  cover- 
ing of  mud  is  put  on.  This  forms  the  side  walls  of  the  completed 
house,  and  it  is  improbable  that  any  borers  inside  the  sorghum  stems 
could  emerge,  since  the  wall  becomes  very  hard.  Therefore  the  use 
of  sorghum  stems  for  laths  is  a  very  good  practice  from  the  standpoint 
of  corn-borer  control. 

The  greatest  use  for  sorghum  stems  in  each  of  the  three  sections 
under  consideration  (Heijo,  Kanko,  and  Chientao),  however,  is  for 
fuel  during  the  cold  winter  months.  The  greater  proportion  of  all 
crop  refuse  is  used  in  this  manner,  and  it  is  practically  the  only  fuel 
available  to  keep  the  houses,  with  their  paper-covered  doors  and  win- 
dows, warm  and  comfortable.  Practically  no  wood  or  coal  is  used, 
since  all  the  hills  have  been  denuded  of  trees  (with  the  exception  of  cer- 
tain remote  parts  of  Chientao  section  which  still  have  forests,  and 
parts  of  Chosen  which  have  been  reforested  under  Japanese  supervi- 
sion in  an  attempt  to  reduce  the  severe  erosion  caused  by  river  over- 
flows in  the  spring,  and  from  these  areas  no  trees  may  be  cut  without 
permission),  and  coal  is  far  too  expensive  for  an  area  where  the  daily 
wage  is  less  than  the  equivalent  of  20  cents  of  United  States  currency 
for  a  long  day's  work. 

Sorghum  stems  are  used  commonly  in  Kanko  section  and  to  a  lesser 
extent  in  Heijo  section  to  build  fences  around  the  houses  and  yards. 
These  fences  are  made  of  very  tightly  woven  sorghum  stalks,  and  their 
principal  purpose  is  to  prevent  the  cold  winter  winds  from  penetrating 
to  the  houses.  These  sorghum-stem  fences  are  renewed  each  year 
and  they  are  often  heavily  infested  with  overwintering  corn-borer 
larvae.  It  is  the  writer's  opinion  that  the  fences  in  Kanko  section 
are  the  main  source  of  moths  for  infestation  in  the  spring,  and  that  if 
they  were  burned  before  moth  emergence  the  corn  borer  would  be 
reduced  to  negligible  numbers.  It  is  difficult  to  account  for  any  other 
source  of  infestation  each  year,  since,  before  spring,  all  loose  sorghum 
plants  have  been  burned  as  fuel,  including  portions  of  stems  attached 
to  the  sorghum  heads  when  harvested.  The  same  disposition  is  made 
of  any  possible  weed  hosts,  leaves,  grass,  and  other  plant  material 
collected  in  the  general  scramble  for  fuel  directly  after  the  crops  have 
been  harvested  in  the  fall.  This  collection  includes  the  stubble  of 
crops  which  have  been  dug  or  pulled  up  and  taken  to  the  farmhouses 
in  the  fall.  Even  hills,  upon  which  there  are  few  trees,  and  the 
graveyards  on  the  side  hills,  are  raked  carefully  for  dead  grass  or  other 
possible  fuel.     It  is  impossible  to  visualize  a  more  intensive  farm 
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clean-up  than  actually  takes  place  over  northern  Chosen  and  Chientao 
section  of  Manchuria.  It  should  be  remembered,  of  course,  that  these 
farm  clean-up  practices  which  diminish  the  corn-borer  population 
also  have  a  similar  effect  upon  the  parasite  population.  It  is  possible 
that  the  parasites  emerge  in  the  spring  before  the  emergence  of  the 
borer  moths  and  that  there  is  a  period  during  which  the  pest  could  be 
destroyed  without  greatly  reducing  the  numerical  abundance  of  the 
parasites.     This  possibility  should  be  investigated. 

In  such  sections  as  those  under  discussion,  where  there  is  a  great 
centralization  of  authority,  a  regulation  covering  the  destruction  of 
the  sorghum-stem  fences,  after  the  principal  use  for  a  fence  as  a  wind- 
break had  been  fulfilled,  should  be  easily  put  into  effect  to  the  benefit 
of  the  farming  community. 

Although  the  foregoing  may  be  a  digression,  it  will  perhaps  serve  to 
give  a  better  idea  of  the  territory  in  which  corn-borer  studies  have 
been  conducted. 

HARVESTING  INDIGO 

Two  crops  of  indigo  are  harvested  each  year  in  the  indigo-producing 
area  of  Shikoku  Island  (Tokushima  section).  The  first  crop  is  cut 
about  6  inches  from  the  ground,  and  new  shoots  from  old  stems 
furnish  the  second  crop.  Harvesting  of  the  first  crop  begins  normally 
about  July  10,  at  which  time  the  moths  of  the  first  spring  generation 
(as  distinguished  from  the  moths  derived  from  the  overwintering 
borers)  are  emerging.  A  considerable  number  of  larvae  and  pupae 
are  killed  when  the  harvested  crop  is  processed,  as  well  as  any  eggs 
deposited  on  the  leaves  before  harvesting,  a  situation  analogous  to  that 
existing  in  Utsunomiya  section  on  hemp  plants.  Nevertheless,  the 
moths  that  are  not  killed  are  able  to  find  abundant  host  material  upon 
which  to  deposit  their  eggs  on  the  parts  of  the  indigo  plant  remaining 
in  the  field  directly  after  harvest.  Young  shoots  soon  develop  on  the 
host  plant,  producing  ample  food  for  the  young  larvae,  with  the  result 
that  the  second  crop  of  indigo  is  also  damaged  by  the  borer. 

BAMBOO  POLES  AS  BEAN  SUPPORTS 

As  mentioned  previously,  in  Kutchan  section  bamboo  poles  are 
used  to  support  the  bean  vines,  and  it  is  in  these  bamboo  poles  that 
the  borer  larvae  pass  the  winter.  In  new  poles  the  overwintering 
larvae  are  found  above  the  top  node,  as  they  are  unable  to  make  their 
way  into  the  other  parts  of  the  pole,  but  in  old  poles  the  bamboo  often 
splits  as  it  becomes  dry  and  softer,  thus  allowing  the  borers  to  enter 
the  various  internodes.  The  bamboo  supports  are  used  for  about  7 
years  before  being  discarded.  They  are  usually  stacked  around  the 
farmhouse  or  in  a  corner  of  the  field  during  the  winter  months.  It 
seemed. quite  evident  that  the  main  source  of  infestation  in  the  spring- 
must  originate  from  borers  that  overwintered  in  the  bamboo  canes. 

FARM  DISPOSAL  OF  CROP  DEBRIS 

Certain  other  agricultural  practices  have  their  effect  upon  the  borer. 
Thus,  in  Hitoyoshi,  in  southern  Kumamoto  section,  millet  stems  and 
stubble  are  usually  plowed  under  soon  after  the  crop  is  harvested  early 
in  December,  while  in  Miyakonojo  section,  which  is  also  on  Kyushu 
Island,  the  stems  and  stubble  are  allowed  to  remain  on  the  fields  until 
spring. 
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In  general,  it  may  be  stated  that  the  usual  farm  disposal  of  crop 
debris,  or  clean-up  between  crops,  is  much  more  thorough  in  the  Orient 
than  that  generally  practiced  on  the  farms  of  the  corn-borer  infested 
territory  in  the  United  States.  This  contrast  is  to  be  expected 
between  agricultural  areas  in  one  of  which  farm  operations  are  exten- 
sive and  handled  by  machinery  whereas  in  the  other  the  farm  practices 
are  intensive,  primitive,  and  principally  performed  by  hand  labor. 
The  contrast  should  be  kept  in  mind  when  comparing  oriental  and 
American  agriculture.  Many  recommendations  have  been  made  for 
corn-borer  control  in  Japan  which  may  be  of  practical  value  in  that 
country  but  could  not  be  adopted  in  countries  where  labor  is  higher 
priced.  Even  the  extreme  measure  of  collecting  eggs  from  the  plants 
and  borers  from  the  stems  by  hand  has  been  recommended  by 
Japanese  entomologists  as  a  practical  control  measure  for  Pyrausta 
nubilalis. 

SUMMARY  AND  CONCLUSIONS 

This  bulletin  is  based  upon  the  results  of  investigations  of  the 
European  corn  borer  and  its  parasites  in  Japan,  Manchuria,  Chosen, 
and  Taiwan. 

The  areas  studied  differ  greatly  with  respect  to  temperatures  and 
precipitation.  Consequently  they  differ  also  with  respect  to  the  lead- 
ing crops  and  agricultural  practices. 

The  principal  host  plants  of  the  corn  borer  in  the  region  as  a  whole 
are  hemp,  corn,  millet,  grain  sorghum,  indigo,  and  beans. 

The  corn  borer  has  1  generation  annually  in  the  northern  sections 
studied,  2  generations  in  the  intermediate  sections,  and  3  or  more 
generations  in  the  southern  sections. 

Early  studies  soon  made  it  apparent  that  no  one  parasite,  or  any  one 
group  of  parasites,  attacks  P.  nubilalis  throughout  the  various  sections 
in  which  investigations  were  being  conducted.  For  example,  in  the 
warm,  southern  Japan  sections  (Kumamoto,  Miyakonojo,  and 
Kokubu)  Eulimneria  alkae  is  not  found,  and  Inareolata  punctoria  is 
rare,  but  Cremastus  flavoorbitalis  and  Lydella  grisescens  annually 
parasitize  a  considerable,  although  variable,  percentage  of  the  corn- 
borer  larvae  present.  Conversely,  in  the  colder  sections  (Kutchan 
and  Chientao)  C.  flavoorbitalis  and  L.  grisescens  are  unimportant,  but 
E.  alkae  and  /.  punctoria  are  valuable  as  parasites. 

In  areas  such  as  the  Heijo  section  of  Chosen,  with  an  intermediate 
climate,  certain  parasites  typical  of  the  warm  or  cold  types  of  climate 
coexist.  Thus  Lydella  grisescens  (a  southern  species)  and  Inareolata 
punctoria  (a  northern  species)  both  exist  in  Heijo  section.  This  is 
undoubtedly  a  fortunate  provision  of  nature,  since,  with  the  fluctua- 
tions in  weather  conditions  away  from  the  normal,  the  climate  in  this 
transitional  region  would  become  increasingly  similar  to  either  the 
cold  or  warm  type  of  climate,  and  either  the  southern  (warm  region)  or 
northern  (cold  region)  species  of  parasites  would  be  expected  to  assume 
increasing  or  decreasing  importance,  depending  on  whether  the  fluctua- 
tion in  climatic  conditions  is  toward  the  warm  or  cold  climate  type. 

The  foregoing  considerations  with  regard  to  these  intermediate 
sections  are  not  altered  by  the  fact  that  one  or  more  additional  parasite 
species,  not  found  in  one  or  both  the  extreme  climates,  may  be  present 
and  perhaps  dominant  in  the  transitional  section.  In  Heijo  section 
Macrocentrus  gijuensis  is  the  parasite  species  dominant  on  Pyrausta 
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nubilalis,  although  this  parasite  is  not  found,  except  in  rare  instances, 
in  Chientao  section. 

Considering  the  above  factors,  as  well  as  the  extent  of  the  corn -borer 
infested  territory  in  the  United  States,  and  especially  the  probable 
future  geographical  distribution  of  the  pest  in  its  new  environment,  it 
was  evident  that  the  proper  policy  to  follow  with  regard  to  parasite 
introductions  against  Pyrausta  nubilalis  was  to  collect  and  ship  all 
the  primary  parasite  species  obtainable  without  regard  to  the  stage  of 
the  host  which  they  attacked.  Under  the  conditions  present  in  the 
corn-borer  problem,  the  theory  of  parasite  competition  was  believed 
to  be  of  academic  rather  than  of  practical  interest. 

Some  valuable  primary  parasites  of  the  corn  borer  exist  in  the  Orient 
that  are  not  present  in  other  areas  in  which  parasite  investigations  have 
been  carried  on.  Cremastus  fiavoorbitalis  and  Xanthopimpla  stem- 
mator  are  included  in  this  category.  In  addition  to  the  parasites 
obtainable  only  from  the  Orient,  such  as  the  two  species  mentioned 
above,  there  are  a  number  of  other  entomophagous  insects,  such  as 
Bracon  atricornis  and  Nemorilla  floralis ,  which,  although  present  and 
obtainable  in  Europe  in  limited  numbers,  are  much  more  readily 
obtained  from  the  Orient. 

There  are  indications  that  certain  parasites  found  in  the  Orient, 
particularly  Macrocentrus  gijuensis  and  Inareolata  punctoria,  although 
morphologically  indistinguishable  from  similar  species  found  in 
Europe,  nevertheless  exhibit  biological  differences  when  liberated  in 
North  America. 

Intensive  investigations  in  the  oriental  areas  would  undoubtedly 
lead  to  the  discovery  of  additional  parasites  of  the  corn  borer,  partic- 
ularly of  the  egg  stage  (which  would  be  especially  valuable  in  the 
establishment  of  a  parasite  " sequence  "),  and  would  possibly  indicate 
locations  where  known  parasites,  now  difficult  to  obtain,  might  be 
secured  in  large  numbers. 

Owing  to  the  low  cost  of  labor,  the  collection  of  insects  in  the  Orient 
tends  to  show  greater  return  for  expenditure  of  funds  than  could  be 
expected  from  a  similar  expenditure  in  almost  any  other  part  of  the 
world. 
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INTRODUCTION 

The  Belle  Fourche  Field  Station  includes 
the  Belle  Fourche  reclamation  project,  near 
station  is  maintained  cooperatively  by  the 
Irrigation  Agriculture  of  the  United  States 
culture  and  the  South    Dakota  Agricultural 

Facilities  are  provided  and  utilized  by  certain  bureaus  and  divisions 
of  the  Department  of  Agriculture. 

The  work  of  the  station  is  devoted  mainly  to  investigations  in  the 
production  and  utilization  of  the  chief  crops  grown  on  the  Belle 
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360  acres,  located  on 
Newell,  S.Dak.  The 
Division  of  Western 
Department  of  Agri- 
Experiment    Station. 
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Fourche  project  and  adjacent  areas.  The  experiments  in  crop  produc- 
tion include  crop  rotations  and  tillage  experiments  on  both  dry  and 
irrigated  land;  experiments  with  pasture  grasses;  varietal  tests  with 
small  grain,  -corn,  potatoes,  and  silage  crops;  tests  of  trees* for  wind- 
break and  ornamental  plantings;  orchard  and  small  fruits,  and  the 
growing  of  garden  vegetables.  Figure  1  shows  the  location  and 
arrangement  of  the  fields  and  the  experiments  for  the  year  1932. 
The  crop-utilization  experiments  were  conducted  with  sheep  and  hogs. 
With  sheep  this  work  includes  pasturing  tests,  the  maintenance  of  a 
farm  flock,  and  lamb  feeding  as  related  to  the  utilization  of  the  by- 


ALFALFA 


ALFALFA 

HOG 
PASTURE 


Figure  1.— Diagram  of  the  Belle  Fourche  station,  showing  arrangement  of  fields  and  location  of  crop 

experiments  in  1932. 

products  of  the  sugar-beet  industry.  With  hogs  it  covers  pasturing 
tests  and  the  methods  of  finishing  hogs  for  the  market.  This  report 
summarizes  the  more  important  features  of  the  station's  activities 
since  it  was  established  in  1907  and  discusses  somewhat  in  detail  the 
results  for  the  years  1926-32. 

WEATHER  CONDITIONS 

The  climate  of  western  South  Dakota  is  characterized  by  relatively 
cold  winters  with  temperatures  often  as  low  as  30°  F.  below  zero. 
The  summers  are  pleasant,  with  temperatures  rarely  exceeding  100°, 
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The  average  frost-free  period  for  25  years  has  been  137  days.  The 
last  killing  frost  in  the  spring  during  this  period  ranged  from  April  19, 
in  1922,  to  May  31,  in  1917.  For  the  same  period  the  earliest  killing 
frost  in  the  fall  ranged  from  September  7,  in  1929,  to  October  13,  in 
1931.  The  frost-free  period  ranged  in  days  from  110  in  1929  to  170  in 
1922.  The  average  date  for  the  last  killing  frost  in  the  spring  was 
May  13,  and  the  first  in  the  fall  was  September  28.  A  temperature  of 
below  32°  F.  is  considered  a  killing  frost. 

The  climatological  data  as  recorded  at  the  Belle  Fourche  Field 
Station  are  given  in  table  1. 

Table  1. — Summary  of  climatological  observations  at  the  Belle  Fourche  Field  Station, 

1908-32 

PRECIPITATION  (INCHES) 


Item 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total 

Average  for  25  years, 

1908-32 

0.45 

0.35 

0.71 

1.51 

2.92 

2.65 

2.44 

1.46 

1.41 

1.26 

0.52 

0.47 

16.15 

1926 

1.67 

.19 

.24 

.10 

4.60 

4.56 

1.96 

1.48 

.72 

.63 

.96 

.05 

17.16 

1927 

.36 

.13 

1.14 

3.92 

6.96 

2.81 

4.26 

2.13 

1.17 

.39 

.63 

.56 

24.46 

1928 

.16 

.07 

.79 

.35 

1.81 

3.38 

4.89 

1.44 

1.65 

.80 

.57 

.04 

15.95 

1929     

.19 

.28 

.47 
.10 

2.00 
.52 

1.36 
1.52 

4.45 
2.09 

3.05 
2.18 

3.23 
1.23 

.82 
1.53 

4.01 
.31 

2.25 
1.46 

.41 

.62 

.11 
.27 

22.35 

1930 

12.11 

1931 

.11 

.20 

1.08 

.47 

1.68 

1.42 

1.31 

.36 

.45 

.96 

.31 

.45 

8.80 

1932 

.33 

.07 

.57 

3.16 

5.77 

3.76 

1.17 

2.28 

.57 

1.42 

.07 

.07 

19.24 

EVAPORATION  (INCHES) 


Average  for  25  years, 
1908-32 

4.178 
5.618 
3.884 
4.137 
3.637 
4.118 
4.410 
4.227 

5.529 
5.162 
5.197 
6.322 
4.765 
5.505 
5.857 
4.541 

6.579 
6.029 
5.131 
4.450 
5.735 
7.029 
7.024 
6.264 

7.885 
7.208 
7.054 
6.439 
7.649 
7.431 
8.450 
7.104 

6.823 
6.274 
5.177 
6.736 
6.558 
6.046 
6.195 
6.849 

4.911 
4.760 
4.887 
4.109 
3.895 
5.227 
5.067 
5.140 

35.905 

1926 

35.  051 

1927 

31.330 

1928 

32.  193 

1929 

32.239 

1930 

35.356 

1931 

37.003 

1932 

34.125 

MONTHLY  TEMPERATURE  (°F.) 


Item 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Mean: 
1908-32 

16 
23 
16 
23 
6 
7 

28 
13 

70 
43 
52 
52 
42 
52 
70 
45 

-38 
-20 
-38 
-25 
-26 
-27 
-9 
-21 

21 
29 
24 
26 
11 
34 
33 
23 

72 
58 
52 
59 
40 
72 
61 
69 

-36 

4 

-6 

-12 

-31 
4 
5 

-13 

31 
33 
34 
36 
34 
31 
31 
25 

87 
71 
70 
79 
72 
65 
64 
62 

-20 
5 

3 

5 

5 

-3 

-4 

-15 

45 
46 
41 
41 
45 
51 
46 
49 

89 
89 
78 
80 
78 
'  84 
84 
80 

-3 
14 
1 
9 
11 
27 
14 
22 

54 
57 
51 
60 
52 
53 
55 
58 

95 
94 
83 
89 
93 
90 
95 

iii 

21 
29 
27 
33 
23 
29 
21 
31 

65 
64 
62 
59 
62 
65 
72 
67 

108 
102 
95 
84 
93 
94 
106 
90 

32 
40 
41 
37 
38 
38 
43 
45 

72 
72 
69 
70 
73 
75 
75 
74 

109 
98 
93 
94 
101 
105 
108 
100 

.  40 
48 
•      48 
50 
45 
52 
43 
47 

70 
69 

66 

73 
72 

70 
71 

105 
105 

88 
101 

99 

98 
102 

96 

32 
48 
42 
38 
48 
50 
41 
42 

59 

55 
59 
57 
54 
60 
65 
60 

105 
89 
92 
96 

101 
95 

100 
95 

9 
9 
25 
22 
30 
29 
37 
32 

46 
47 
50 
46 
49 
43 
49 
41 

92 
83 
85 
86 
79 
77 
84 
80 

-16 
19 
24 
21 
23 
16 
13 
11 

33 
30 
28 
34 
31 
34 
32 
35 

78 
65 
57 
63 
63 
70 
75 
69 

-18 

-10 

2 

0 

-6 

10 

1 

7 

20 

1926 

21 

1927 

4 

1928                 

28 

1929                

22 

1930 

26 

1931 

26 

1932 

18 

Absolute  maximum: 

1908-32         

66 

1926              

59 

1927 

41 

1928 

66 

1929 

57 

1930                  -- 

63 

1931 - 

54 

1932 - 

57 

Absolute  minimum: 
1908-32.  . 

-33 

1926  - 

-14 

1927 

-33 

1928 

-2 

1929 

-16 

1930 - 

-4 

1931. 

0 

1932 

-24 
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Table  1. — Summary  of  climatological  observations  at  the  Belle  Fourche  Field  Station, 

1 908-32— Continued 

WIND  VELOCITY  (MILES  PER  HOUR) 


Item 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Mean: 
1908-32 1 

7.7 
7.1 
6.5 
8.2 
6.9 
5.5 
6.0 
8.4 

26.8 
16.3 
13.8 
15.9 
14.2 
13.7 
12.4 
16.6 

.5 
3.0 
1.8 
3.5 
1.7 
2.1 
2.2 
2.5 

7.5 
5.2 
8.6 
4.8 
5.6 
7.0 
6.8 
5.0 

31.5 
12.2 
24.4 
16.8 
13.0 
17.2 
16.8 
12.0 

1.0 
2.2 
2.5 
1.7 
1.7 
1.5 
1.0 
1.0 

6.1 
5.3 
5.2 
4.8 
4.6 
5.6 
4.5 
4.3 

20.7 
15.1 
11.1 
8.9 
9.7 
12.3 
8.7 
8.7 

.6 
2.0 
2.0 
2.8 

.6 
2.3 
1.8 
1.5 

5.0 
4.1 
5.1 
4.2 
3.7 
3.5 
5.3 
4.0 

19.4 
9.3 
9.4 

13.3 
7.9 
7.2 

12.6 
9.7 

.8 
1.0 

.9 
1.4 
1.5 
1.0 

.8 
1.2 

4.6 
3.7 
3.7 
4.2 
3.4 
3.4 
4.7 
4.2 

17.6 
8.9 
8.1 
7.1 
6.8 
8.7 

14.2 
9.2 

.8 
1.6 

.9 
1.4 
1.8 

.8 

.8 
1.3 

5.1 
5.1 
5.4 
3.9 
4.1 
4.5 
4.7 
4.1 

26.3 
15.1 
10.4 
11.9 
9.3 
8.1 
11.5 
8.1 

.9 
1.0 
1.7 
1.9 
1.1 
1.5 
1.5 
1.1 

1926 

1927 

1928 

1929 - 

1930 

1931          

1932  _       

Highest  daily: 
1908-32 

1926 

1927  .        

1928 

1929 

1930 

1931 

1932 

Lowest  daily: 
1908-32 

1926 

1927 

1928 

1929 

1930  ._ 

1931  .. 

1932 

KILLING  FROSTS  i 


Year 

Last  in 
spring 

Minimum 
tempera- 
ture 

First  in 
fall 

Minimum 
tempera- 
ture 

Frost-free 
period 

1908.   

May  20 

May  17 
May  23 
May  11 
Apr.  21 
May    4 
May  12 
May  17 
May  16 
May  31 
May  21 
May  13 
Apr.  29 
May  14 
Apr.   19 
May  15 
May  26 
May    9 
May  13 
May    9 
Apr.  29 
May  19 
May  13 
May  20 
May  26 

°F. 
29 
26 
31 
30 
28 
27 
30 
30 
31 
30 
31 
31 
29 
25 
30 
26 
30 
31 
29 
27 
31 
29 
31 
21 
31 

Sept.  26 
Sept.  23 
Sept.  25 
Oct.      3 
Sept.  24 

...do 

Oct.     4 
Sept.  14 

.-do 

Oct.     7 
Sept.  18 
Oct.     8 
Sept.  25 
Sept.  29 
Oct.     7 
Oct.    12 
Oct.    25 
Oct.      5 
Sept.  23 
Sept.  19 
Sept.  24 
Sept.    7 
Sept.  19 
Oct.    13 
Oct.      4 

Oft 

22 
31 
30 
30 
29 
29 
28 
31 
28 
20 
28 
23 
30 
29 
25 
25 
31 
25 
23 
25 
25 
30 
29 
31 
24 

Days 

128 

1909 -. 

128 

1910 

124 

1911                

144 

1912                   

155 

1913              

142 

1914. .        

144 

1915 

119 

1916 

120 

1917 

128 

1918 

119 

1919 

147 

1920 

148 

1921__                                      

137 

1922...         

170 

1923 _'. 

149 

1924 

151 

1925 

148 

1926. _ 

132 

1927. _. 

132 

1928... 

147 

1929 

110 

1930 

128 

1931.  _. 

145 

1932...                                               

130 

25-year  average ...  .  - 

137 

1  A  temperature  below  32°  F.  is  considered  a  killing  frost. 


The  climatic  conditions  for  the  period  1926-32  were  about  normal, 
except  for  the  years  1927  and  1931.  In  1927  the  precipitation,  evapo- 
ration, and  monthly  temperatures  were  abnormal.  January,  Febru- 
ary, and  March  were  about  normal,  and  some  field  work  was  started 
the  latter  part  of  March.     April  had  the  highest  precipitation  for  this 
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month  on  record  for  25  years,  amounting  to  3.92  inches.  Most  of 
this  occurred  in  the  form  of  snow,  totaling  nearly  45  inches  for  the 
period.  There  were  16  days  of  snow  and  rain  during  April.  In  May 
there  was  a  total  precipitation  of  6.96  inches  and  21  days  on  which 
either  snow  or  rain  fell.  For  this  reason  practically  no  field  work 
could  be  performed  during  these  2  months.  The  total  precipitation 
for  the  year  amounted  to  24.46  inches,  as  compared  with  16.15  inches 
for  the  25-year  average.  Of  this  precipitation,  21.25  inches  fell  during 
the  crop  season,  April  to  September,  inclusive.  The  temperatures 
were  below  normal  throughout  the  greater  part  of  the  growing  season. 
The  lowest  temperature  on  record  was  January  22,  1927,  —  38°  F. 
December  1927  had  the  lowest  mean  temperature  of  any  month  during 
which  records  have  been  kept  at  this  station.  The  yields  of  all  crops 
were  poor  in  1927.  The  spring  weather  was  of  a  character  which 
necessitated  unseasonably  late  planting  of  all  crops,  and  the  climatic 
conditions  occurring  throughout  the  major  portion  of  the  growing 
season  also  were  unfavorable  for  the  maturing  of  satisfactory  crop 
yields. 

The  year  1931  was  unusual  in  many  respects.  It  was  the  warmest 
and  next  to  the  driest  on  record  at  tins  station,  and  the  precipitation 
was  nearly  negligible.  Severe  freezing  weather,  followed  by  periods 
of  unusually  warm  weather  in  March,  April,  and  May,  did  extensive 
damage  to  trees  and  crops.  The  summer  was  unusually  warm,  and 
exceptionally  high  temperatures  were  frequent.  During  1931  there 
were  only  5  days  with  temperatures  below  zero,  and  the  minimum 
occurred  on  January  12  when  —9°  F.  was  recorded.  July  25  was  the 
hottest  day  of  the  season  with  a  temperature  of  108°.  The  yields  of 
all  crops  were  below  average,  caused  by  the  extreme  weather  conditions 
and  also  shortage  of  irrigation  water. 

CROP  ACREAGES  ON  THE  PROJECT  » 

The  total  irrigable  area  of  farms  on  the  project  as  reported  by  the 
United  States  Bureau  of  Reclamation  is  57,112  acres.  The  total 
cropped  area  in  1932  was  49,129  acres  included  in  975  farms,  or  70 
percent  of  the  project.  Table  2  shows  the  total  acreage  for  all  crops 
and  the  acreage  devoted  to  each  crop  from  1913  to  1932. 

Alfalfa  is  the  principal  crop  on  the  Belle  Fourche  irrigation  project 
and  occupies  about  one- third  of  the  cropped  area.  Sugar  beets  is 
the  crop  next  in  importance  and  is  the  chief  cash  crop.  The  sugar- 
beet  acreage  increased  from  1,238  acres  in  1925  to  8,472  acres  in  1929, 
although  since  then  the  sugar-beet  acreage  has  decreased.  The  re- 
mainder of  the  cropped  area  is  devoted  to  corn,  small  grain,  pasture, 
and  miscellaneous  crops. 

In  the  early  days  of  the  project  alfalfa  and  small  grains,  particularly 
wheat,  were  chiefly  grown.  The  area  devoted  to  alfalfa  reached  its 
peak  in  1922  when  28,965  acres  were  devoted  to  this  crop.  Corn 
gradually  replaced  the  small  grains,  so  that  by  1925  there  were 
10,698  acres,  which  ranked  corn  second  to  alfalfa.  Since  the  building 
of  the  sugar  factory  in  1927  there  has  been  a  gradual  reduction  of 
alfalfa  and  corn  acreage  and  sugar  beets  have  been  chiefly  substituted. 

1  For  a  number  of  years  the  Bureau  of  Reclamation  of  the  Department  of  the  Interior  has  recorded  an- 
nually crop  and  livestock  statistics  relative  to  the  developments  on  the  different  Federal  irrigation  projects 
under  its  jurisdiction.  The  data  recorded  in  tables  2  and  3  have  been  assembled  from  these  reports  and  are 
included  for  the  purpose  of  observing  the  trend  in  the  various  agricultural  activities  on  the  Belle  Fourche 
reclamation  project. 
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With  the  introduction  of  the  sugar-beet  industry,  barley  and  oats 
have  replaced  corn  as  a  feed  crop  to  some  extent,  and  sugar  beets 
have  replaced  wheat  as  a  cash  crop.  With  the  introduction  of  cucum- 
bers as  a  commercial  crop  in  1925,  they  have  been  of  some  importance 
as  a  supplemental  cash  crop.  In  1931,  183  acres  were  planted  to  this 
crop  with  a  cash  return  of  $27,509. 


BEETS,  CONTINUOUS 

BEETS  AFTER  GRAIN 

(NO  ALFALFA  OR  MANURE  IN  ROTATION)---- 

BEETS  AFTER  CULTIVATED  CROP 

(NO  ALFALFA  OR  MANURE  IN  ROTATION) 

BEETS  AFTER  GRAIN  (  MANURED  ) 

BEETS  AFTER  CULTIVATED  CROP  (  MANURED  ) 

BEETS  AFTER  GRAIN 

(ALFALFA  IN  ROTATION) 

BEETS  AFTER  CULTIVATED  CROP 

(ALFALFA  IN  ROTATION) 

BEETS  AFTER  ALFALFA 

BEETS  AFTER  RED  CLOVER.. 

BEETS  AFTER  GRAIN 

(  BOTH  MANURE  AND  ALFALFA  IN  ROTATION  ).— 

BEETS  AFTER  CORN   SHEEPED 

(THIRD  YEAR  ALFALFA  IN  ROTATION   PASTURED) 


4  6  8  10         12 

YIELD  PER  ACRE  (TONS) 

Figure  2. — Average  yields  of  sugar  beets  grown  at  the  Belle  Fourche  station,  1912-32. 


Table  2.- 


Acreage  of  the  principal  crops  grown  on  the  Belle  Fourche  reclamation 
project,  1913-32 


Year 

All 
crops 

Alfalfa 
hay 

Alfalfa 
seed 

Barley 

Corn 

Native 
hay 

Oats 

Pas- 
ture 

Wheat 

Sugar 
beets 

1913 

32,568 
36,  709 
43,063 
46,909 
50,  026 

52,  445 
56,  255 
59,  850 
55,100 
56,  920 
50,  286 
49,  813 
53, 120 
47,  729 

45,  701 

46,  696 

47,  953 

53,  803 
44,  372 
49,129 

7,388 
9,745 
16, 152 
17,  945 

19,  702 
20,467 
24,804 
26,040 
25,829 
28,965 
26,  768 
21,  824 

20,  731 
19,  945 
19,300 
16,  696 
16,500 
14,  355 
12, 046 
12, 177 

1,576 

1,416 
284 

4,177 
942 
342 
842 
752 

1,810 
883 
331 

1,111 

921 

521 

25 

"Hi" 

119 

42 
26 

744 
1,448 
1,613 
2,740 
2,286 
1,636 
1,351 
1,695 
1,423 
1,284 
949 
553 
1,082 
1,507 
1,746 
3,285 
4,756 
5,709 
4,976 
6,625 

1,859 
4,415 
4,470 
3,846 
2,902 
2,068 
2,903 
3,272 
5,622 
7,130 
8,826 
8,638 
10,  698 
7,612 
4,253 
4,560 
2,634 
3,131 
2,448 
7,158 

2,533 
2,236 
2,782 
2,121 
4,475 
3,209 
3,290 
2,820 

940 
2,388 

282 
1,242 
1,713 
1,085 
2,097 
1,233 
2,044 
1,519 
1,704 
3,024 

5,343 
6,392 
4,440 
4,119 
4,955 
4,331 
3,665 
4,864 
5,390 
5,051 
4,587 
3,229 
5,254 
5,198 
2,953 
3,514 
4,437 
4,719 
2,415 
4,200 

285 
3,604 
3,273 
6,132 
6,100 
8,894 
6,922 
8,390 
7,352 
5,230 
5,799 
9,822 
7,814 
4,044 
2,239 
2,873 
3,956 
5,507 
6,604 
2,576 

13,096 
7,885 
7,747 
7,554 
5,122 
9,563 

10,  742 
9,850 
5,341 
5,482 
1,379 
689 
2,906 
5,071 
4,901 
5,307 
2,180 
3,469 
1,534 
2,768 

1914 

1915 

1916 

1917 

1918 

1919 

978 

1920 

1,103 

1921 ,j 

926 

1922 

324 

1923  .. 

565 

1924     . 

1,281 

1925  -. 

1,238 

1926 

2,184 

1927 

6,021 

1928 

6,929 

1929 

8,472 

1930 

7,060 

1931 

5,815 

1932 

5,490 

LIVESTOCK 

Table  3  shows  the  livestock  on  the  Belle  Fourche  irrigation  project 
at  the  close  of  each  year  from  1913  to  1932,  as  reported  by  the  Bureau 
of  Reclamation.  From  the  livestock  census  taken  each  year  the 
indications  are  that  there  has  been  no  material  increase  in  numbers  in 
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Table  3. — Livestock  on  the  Belle  Fourche  reclamation  project  at  the  close  of  each 
year  for  the  20-year  period,  1913-32 


Item 


Horses 

Mules 

Cattle: 

Beef____ 
Dairy  __ 

Sheep 

Hogs 

Fowls 

Bees  (hives) 


1 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

2,490 

2,848 

3,135 

3,514 

3,734 

3,877 

4,238 

3,608 

}i  3,890 

89 

59 

65 

86 

88 

97 

80 

100 

y  2,758 

1  2,514 
I  1,578 

5,524 

8,178 

6,616 

4,801 

8,806 

3,751 

5,390 

2,200 

2,870 

2,912 

3,330 

2,421 

2,969 

3,870 

12,  872 

25,  740 

26,  210 

32, 152 

36,  459 

35,607 

75, 398 

34,  781 

48,  510 

4,636 

11,988 

14,  798 

13,631 

10,946 

9,007 

19,837 

11,037 

13,260 

23,125 

29,186 

21,  315 

27,094 

24,028 

18, 975 

20,699 

20,584 

26,560 

139 

129 

326 

541 

541 

852 

900 

243 

510 

i  3, 418 

4,907 

3,778 

40,028 

12,  792 

33,171 

685 


Item 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

Horses     -.      .  .     _ 

}i  3,036 

3,507 

4,138 

55,233 

16,064 

32,  549 

685 

13,099 

2,415 
4,509 

45,  350 
7,979 

32,706 
665 

I  2,  736 

3,277 
3,714 

46,461 
6,141 

35,  730 
855 

12,506 

3,245 

3,063 
51,727 

4,919 
34,  546 

3,323 

/  2,  757 
\        38 

2,903 

3,846 
55,  052 

5,675 
35,356 

2,596 

2,618 
32 

3,095 

3,990 
70,  325 

4,873 
40,391 

2,546 

2,555 
60 

2,980 

4,035 
76, 469 

3,880 
38,269 

2,845 

2,409 
46 

3,378 

3,952 
67, 101 

3,610 
43,  217 

2,809 

2,151 

48 

3,788 

3,684 
64,926 

4,417 
41,  595 

2,750 

2,010 

Mules..  .... 

Cattle: 

Beef 

4,237 

3,796 
69,291 

3,708 
44,583 

2,277 

Dairy 

Sheep    . 

Hogs.. 

Fowls ... 

Bees  (hives) 

1  Not  segregated. 

Table  4. — Carload  lots  of  livestock  shipped  from  5  shipping  points  on  the  Belle 
Fourche  reclamation  project,  1916-32 


Year 

Newell 

Belle  Fourche 

N  island 

Cattle 

Sheep 

Hogs 

Horses 

Cattle 

Sheep 

Hogs 

Horses 

Cattle 

Sheep 

Hogs 

Horses 

1916 

162 
233 
202 
208 
190 

72 
134 
157 
171 
131 
156 
106 
173 

92 

99 
'79 

45 

118 
131 
56 
87 
91 
135 
180 
151 
202 
172 
141 
130 
126 
125 
173 
260 
104 

81 

77 

48 

79 

79 

92 

177 

132 

133 

54 

38 

32 

15 

6 

5 

14 

1 

11 
5 
11 
89 
37 
3 
9 
30 
15 
16 
10 
15 
16 
8 
8 

50 
7 

406 
760 
641 
1,364 
340 
354 
378 
468 
418 
649 
550 
507 
863 
602 
568 
742 
176 

231 
216 
174 
318 
164 
263 
188 
316 
269 
246 
250 
221 
283 
243 
302 
456 
200 

50 
35 
15 
36 
25 
28 
13 
21 
58 
78 
62 
63 
108 
104 
86 
82 
16 

84 
98 
94 

281 
37 
14 
9 
31 
5 
34 
41 
28 
59 
47 
23 

104 
24 

28 
92 
51 
28 
25 
18 
57 
30 
50 

48 
41 
36 
51 
48 
52 
6 

12 
39 
19 
22 
32 
42 
33 
36 
63 
31 
15 
47 
62 
46 
95 
100 
70 

43 

29 
17 
30 
13 
24 
14 
39 
49 
32 
25 
19 
41 
19 
6 
8 
5 

2 

1 

24 

1 

1 

1917 

1918- 

1919 

1920 

1921 

1922 

1923 

4 

1924 

o 

1925_.-. 

1926 

o 

1927 

2 

1928 

6 

1929 

o 

1930... 

1931  . 

o 

1932 . 

2 

Fruitdale 

Vale 

Total 

Year 

Cattle 

Sheep 

Hogs 

Horses 

Cattle 

Sheep 

Hogs 

Horses 

Cattle 

Sheej 

3  Hogs 

Horses 

All 

stock 

1916 

28 
72 
27 
17 
22 
16 
27 
21 
41 
35 
49 
54 
42 
32 
36 
40 
8 

10 
35 
24 
24 
33 
19 
11 

7 
24 

9 
26 
25 
26 
21 
50 
106 
59 

19 
13 
3 
3 
7 
2 
7 
8 
11 
7 
7 
4 
7 
6 
1 
4 
0 

2 
7 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 

1 

0 
0 

624 
1,157 
921 
1,617 
577 
460 
596 
676 
680 
884 
803 
711 
1,123 
782 
759 
938 
237 

371 
421 
273 

451 

193 

154 
83 
148 

99 
111 
129 
371 
76 
18 
21 
65 
20 
52 
51 
46 
81 
55 
33 
154 
33 

1,287 

1917 

1,843 
1,406 

1918 

1919 

2,587 

1920 

320  1     124 

1,097 

1921 

459 
412 
510 
558 
458 
432 
438 
523 
451 
657 
960 
464 

146 
211 
200 
251 
171 
132 
121 
187 
138 
101 
113 
24 

1,083 

1922 

1,240 
1,451 

1923 

1924 

1,509 

1925 

1,565 

1926 

1,418 

1927 

3 
9 
5 
8 
25 
2 

15 
26 
16 
37 
38 
31 

3 

16 
3 
3 
t> 
2 

1 
0 
0 
0 
0 

1,316 

1928 

1,914 

1929     

1,426 

1930     

1,550 

1931           

2,165 

1932. 

758 
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recent  years  except  in  the  case  of  sheep,  fowls,  and  bees.  The  sheep 
census  as  reported  in  1926  was  51,727  while  in  1932  the  number  was 
69,291,  an  excess  of  about  33  percent.  Lamb  feeding  has  come  into 
practice  since  the  building  of  the  beet-sugar  factory,  and  the  number 
of  farm  flocks  of  100  ewes  or  more  has  increased. 

Table  4  gives  the  number  of  carloads  of  cattle,  sheep,  hogs,  and 
horses  shipped  from  the  five  project  towns  during  1916  to  1932, 
inclusive.  These  figures  were  obtained  from  the  office  of  the  Chicago 
&  North  Western  Railway  Co.,  at  Rapid  City,  S.Dak. 

The  total  number  of  carloads  of  all  livestock  shipped  out  of  the 
project  towns  in  1926  was  1,418  and  increased  to  2,165  in  1931.  The 
increase  in  movement  of  stock  in  1931  was  caused  by  severe  drought 
and  a  short  year  on  the  range,  which  is  again  reflected  in  the  smallest 
shipment  of  livestock  in  1932,  a  total  of  758  cars. 

ROTATION    EXPERIMENTS    WITH    IRRIGATED    CROPS 

The  rotation  experiments,  the  results  from  which  are  herein 
recorded,  were  started  in  1912,  and  the  season  of  1932  completed 
the  twenty-first  year  of  these  investigations.  Certain  new  rotations 
have  been  added  from  time  to  time,  so  that  the  investigations  could 
more  adequately  meet  new  demands  for  information.  These  experi- 
ments now  occupy  131  quarter-acre  plots  and  4  plots  of  0.39  acre 
each,  in  field  A  (fig.  1).  The  purpose  of  these  experiments  is  to 
ascertain  the  following:  The  effect  of  various  crop  sequences,  as 
compared  with  crops  grown  continuously  on  the  same  land;  the 
influence  of  manure  on  crop  yield ;  the  effect  of  sweetclover  and  alfalfa 
on  the  productivity  of  the  soil;  and  the  effect  on  subsequent  crop 
yields  when  these  crops  are  harvested  for  hay,  as  compared  with  other 
similar  rotations  when  they  are  harvested  with  livestock.  With  the 
exception  of  alfalfa,  each  crop  is  planted  at  the  same  time  on  the 
various  plots.  The  same  variety  of  seed  for  each  crop  was  used  on 
all  plots,  and  cultural  treatment  has  been  as  nearly  the  same  as 
conditions  would  permit  at  the  time  the  operations  were  performed. 

ALFALFA 

Because  of  the  limited  demand  for  alfalfa  hay  on  the  local  market 
and  the  distance  from  large  markets,  the  percentage  of  this  crop 
sold  for  cash  is  small.  The  crop  has  served  chiefly  on  the  project  as 
a  source  of  feed  for  livestock  kept  on  local  farms  or  brought  in  from 
adjoining  ranges,  but  it  has  been  valuable  also  in  stimulating  yields 
of  subsequent  crops  grown  in  rotations.  In  view  of  these  conditions, 
in  outlining  these  rotation  experiments,  the  crops,  their  sequence, 
and  particularly  the  length  of  time  alfalfa  was  continued  before  being 
turned  under,  follow  only  in  a  general  way  the  program  which  would 
have  been  adopted  had  the  chief  aim  been  to  measure  the  effect  of 
different  systems  of  rotations  on  the  yields  of  alfalfa.  However,  an 
opportunity  is  afforded  in  table  5  of  observing  the  yields  in  different 
crop  sequences,  together  with  the  yields  from  the  first,  second,  and 
third  year  from  seeding. 
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Table  5. — Mean  acre  yields  of  alfalfa  from  the  irrigated  rotations,  1918-32 


1930 

1931 

1932 

5-year 

average, 
1913-17 

6-year  average 

Rotation  no. 

1918-23 

1924-29 

g-a                                             

Tons 
3.04 
5.64 
1.67 
3.17 
1.73 
4.04 
2.46 
3.73 
2.38 
2.31 
3.57 
4.76 
1.77 
3.14 
4.68 
1.85 
4.40 
5.24 
1.40 
3.70 
4.61 
2.78 
3.87 
3.58 
2.42 
3.53 
1.99 
3.48 
2.19 
2.76 

Tons 
2.89 
3.89 
1.03 
2.91 
1.13 
3.17 
2.45 
3.55 
2.26 
2.72 
2.13 
3.74 

.92 
3.22 
3.54 
1.31 
3.56 
3.48 

.83 
2.78 
3.23 
3.03 
3.22 
2.82 
2.23 
2.94 
2.52 
2.83 
3.60 
4.40 

Tons 

Tons 
4.14 
4.51 
1.29 
3.24 
1.10 
3.22 
2.56 
4.21 

Tons 
3.93 
5.25 
1.33 
3.19 
1.19 
3.19 
2.12 
4.12 
1.44 
2.58 
2.34 
4.35 
1.15 
3.64 
4.23 
1.27 
3.82 
3.84 
.87 
2.89 
3.66 
1.69 
3.49 
3.68 
2.32 
3.61 
1.84 
3.56 
1.98 
3.66 

Tons 
3.33 

8-b                                          -     

5.40 

40-1  

1.63 
3.22 
1.70 
3.47 
1.27 
3.52 
1.66 
3.01 
2.32 
3.08 
1.46 
2.67 
3.30 
2.32 
3.22 
3.61 
1.47 
2.75 
2.92 
2.32 
3.20 
3.11 
2.04 
2.95 
3.28 
3.98 
2.97 
4.20 

1.35 

40-2                ...  

3.79 

42-1     -  

1.42 

42-2                              -----     

3.75 

44-1 

2.33 

44-2                                                    

3.76 

46-1                             

1.77 

46-2 

2.84 

48-1 

3.51 

4.92 
1.36 
3.49 
3.08 
1.52 
3.95 
3.88 
1.26 
3.74 
3.69 

2.93 

48-2                       

4.22 

60-1     ,         

1.17 

60-2      

3.75 

60-3                

4.43 

61-1     .   

1.42 

61-2                                   ---     

3.88 

61-3                  

4.29 

62-1 

1.06 

62-2                                  ...     

3.37 

4.17 

64-1       _     

2.19 

3.86 

64-3            

4.04 

65-1 

2.18 
3.80 

2.30 

65-2                                     

3.15 

69-1     -           .--     

2.73 

69-2 

4.  15 

71-1                             

2.39 

71-2    -       -   

3.82 

2.18 
3.57 
4.53 

1.95 
3.25 
3.27 

2.03 
3.27 
3.23 

1.85 
3.82 
3.55 

1.63 
3.51 
3.85 

1.92 

Third  year 

4.23 

The  alfalfa  yields  are  recorded  separately  according  to  the  age  of 
the  crop.  As  an  illustration,  60-1  indicates  the  yield  of  the  first 
year  of  alfalfa  from  rotation  60,  60-2  the  yield  the  second  year,  and 
60-3  the  yield  the  third  year.  Thus  from  table  5  the  average  yields 
for  the  first,  second,  and  third  year  may  be  observed  for  the  5-year 
period  1913-17,  the  6-year  period  1918-23,  and  the  6-year  period 
1924-29,  as  well  as  the  average  yields  for  1930,  1931,  and  1932.  No 
yields  were  harvested  in  1912. 

The  lowest  mean  yield  from  all  the  rotations  for  the  20  years  is 
from  the  first  year  after  planting,  as  would  be  expected.  The  second- 
year  mean  is  next,  and  the  highest  is  from  the  third-year  period.  The 
highest  yield  was  harvested  from  plot  8-b,  which  received  an  annual 
application  of  barnyard  manure  since  1916.  This  plot  produced  an 
average  since  that  date  of  1.61  tons  per  acre  more  than  plot  8-a,  also 
continuously  cropped  but  not  manured.  The  mean  yield  of  third- 
year  alfalfa  in  rotations  has  proved  to  be  in  excess  of  plot  8-a  left 
continuously  in  crop.  On  the  other  hand,  the  continuously  cropped 
plot  8-a,  not  manured,  shows  a  higher  yield  than  the  average  of  the 
first-,  second-,  and  third-year  alfalfa  planted  in  rotation  with  other 
crops.  These  results  indicate  that  continuously  cropped  alfalfa  will 
yield  as  well  as  alfalfa  grown  in  rotation  with  other  crops  as  long  as  a 
good  stand  is  maintained.  With  proper  management,  alfalfa  fields 
may  be  expected  to  return  satisfactory  yields  for  from  10  to  15  years. 
There  are  less  fluctuations  in  yields  of  alfalfa  than  any  other  crop 
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grown  in  the  rotation  experiments.  The  average  for  20  years  was 
3.61  tons  for  2-year-old  alfalfa  to  4.06  tons  per  acre  for  3-year-old 
alfalfa. 

Two  methods  have  been  used  in  establishing  stands  of  alfalfa:  (1) 
Seeding  alfalfa  alone  in  the  spring  and  harvesting  two  crops  the  first 
year,  and  (2)  seeding  alfalfa  in  the  spring  with  a  nurse  crop,  harvesting 
the  grain  in  the  usual  manner,  and  then  harvesting  the  first  cutting 
the  following  year.  Satisfactory  stands  have  been  obtained  by  both 
methods  in  normal  years,  but  planting  with  a  nurse  crop  has  proved 
to  be  a  better  farm  practice,  as  the  yield  of  grain  has  been  of  more 
value  than  the  alfalfa  harvested  the  first  year  without  a  nurse  crop. 
If  grasshoppers  are  prevalent,  as  often  occurs,  about  the  only  way 
that  a  stand  can  be  obtained  is  to  sow  the  alfalfa  alone  in  the  spring. 
This  will  give  the  crop  a  chance  to  become  well  established  before 
the  insects  become  sufficiently  numerous  to  cause  serious  damage. 

SUGAR   BEETS 

Sugar  beets  are  grown  in  26  rotations.  On  two  plots  the  beets  are 
grown  continuously,  one  without  manure  and  the  other  with  the 
application  of  barnyard  manure  every  year,  as  well  as  in  2-,  3-,  4-, 
and  6-year  rotations.  Some  of  these  rotations  are  manured  and 
include  alfalfa  or  sweetclover.  In  others,  certain  of  the  crops  are 
harvested  with  livestock.  In  general,  in  rotations  in  which  manure, 
alfalfa,  or  both  are  used  the  yields  are  improving  from  year  to  year, 
while  in  those  without  manure  or  alfalfa  the  yields  are  declining. 

It  has  been  the  generally  accepted  belief  that  to  grow  sugar  beets 
at  a  profit  a  yield  of  12  tons  or  more  per  acre  is  necessary.  In  the 
first  6-year  period,  1912-17,  only  one  rotation,  no.  21,  gave  a  yield  of 
12  tons  or  over  per  acre.  During  both  the  second  and  the  third  6-year 
periods  there  were  10  rotations  that  produced  12  tons  or  more  per 
acre. 

The  sugar-beet  yields  recorded  in  table  6  give  the  annual  yields  in 
1930,  1931,  and  1932  and  the  averages  in  the  three  6-year  periods— 
1912-17,  1918-23,  and  1924-29.  The  season  of  1930  was  normal  for 
all  crops.  The  year  1931  was  exceptional,  both  as  to  high  tempera- 
tures and  drought  and  shortage  of  irrigation  water.  On  June  5,  1932, 
replanting  of  all  the  beets  was  necessary  because  of  torrential  rains 
which  occurred  May  30.  These  facts  account  for  the  low  yields  har- 
vested in  1931  and '1932. 

The  1930  results  with  sugar  beets  are  worthy  of  special  considera- 
tion. Growth  conditions  throughout  the  season  appeared  to  be 
favorable  to  bring  out  the  differences  to  be  expected  from  the  various 
rotational  practices.  From  7  rotations  in  which  neither  manure  nor 
a  legume  crop  such  as  alfalfa  or  sweetclover  was  included  in  1930,  the 
average  yield  was  8.37  tons  per  acre.  The  average  yield  for  the  same 
rotations  during  the  third  6-year  period  was  7.81  tons  per  acre.  On 
the  other  hand,  9  rotations  in  which  manure,  alfalfa,  or  both  were 
included  returned  an  average  yield  in  1930  of  16.19  tons  per  acre,  or 
a  difference  of  7.82  tons  in  favor  of  the  better  cropping  program.  The 
average  yield  for  the  6-year  period  1924-29  for  the  same  9  rotations 
was  13.7  tons  per  acre.  This  shows  plainly  that  in  treated  rotations 
the  tendency  is  for  the  yields  to  improve,  while  the  yields  from  un- 
treated rotations  are  declining  or  are  barely  maintained. 
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Table  6. — Annual  acre  yields  of  sugar  beets  for  each  year  1980-32,  together  with 
average  yields  by  6-year  periods  from  1912  to 


Rota- 
tion no. 


Crop  sequence 


1932 


6-year  average 


1912- 
17 


1918- 
231 


1924- 
29 


2-a.. 
2-m. 
18... 
19... 


Sugar  beets,  continuous 

Sugar  beets,  maDure 

Wheat,  sugar  beets 

Barley  seeded  to  sweetclover  plowed  under  in  fall,  sugar 

beets. 

Potatoes,  sugar  beets 

Potatoes,  sugar  beets  (manure) 

Oats,  sugar  beets 

Oats  (manure),  sugar  beets 

Barley  seeded  to  sweetclover  pastured  in  fall  with  lambs, 

fall-plowed,  sugar  beets. 

Potatoes,  oats,  sugar  beets 

Potatoes,  oats  (manure),  sugar  beets 

Oats,  corn,  sugar  beets 

Oats,  potatoes,  sugar  beets 

Oats  (manure),  potatoes,  sugar  beets 

Alfalfa  2  years,  potatoes,  sugar  beets 

Alfalfa  2  years,  oats,  sugar  beets 

Oats,  alfalfa  2  years,  sugar  beets 

Sweetclover  (pastured),  corn  (harvested  with   lambs), 

sugar  beets,  barley  seeded  to  sweetclover. 
Barley  seeded   to  sweetclover,   sweetclover   pastured, 

sugar  beets. 

(Manure),  sugar  beets 

Alfalfa  3  years,  potatoes,  oats,  sugar  beets 

Alfalfa  3  years,  potatoes,  oats  (manure),  sugar  beets 

Alfalfa  3  years,  corn,  oats,  sugar  beets 

Alfalfa  3  years,  potatoes,  sugar  beets,  oats 

Flax,  barley,  corn,  winter  wheat,  red  clover,  sugar  beets. 
Oats,  alfalfa  (third  year  pastured),  corn  (sheeped),  sugar 

beets. 


Annual  mean. 

Maximum 

Range. 


Tons 
5.7 

13.0 
7.6 
8.9 

14.7 
21.6 
10.8 
15.8 
7.9 

8.9 
12.8 

8.6 
14.8 
16.5 
14.0 
13.1 

5.7 
14.4 

212.2 

314.2 
13.8 
20.2 
12.8 
16.3 
2.3 
15.9 


Tons 
4.7 

11.7 
4.5 
5.0 

6.4 
10.9 

9.9 
15.2 

6.6 

7.1 
8.3 
5.4 
9.1 
11.7 
9.4 
8.4 
3.3 
7.2 


3  9.4 
10.7 
15.5 
9.6 
7.2 
3.5 
10.9 


Tons 
4.7 

12.2 
7.3 
7.3 

8.7 
16.7 

9.5 
14.1 

6.6 

6.1 
12.3 
6.0 
10.3 
13.1 
9.9 
7.9 
8.2 
10.0 

HI.  2 

311.2 

11.0 
13.7 
9.3 
7.8 
4.6 
10.4 


Tons 
6.5 


Tons 
8.3 


8.5 


11.0 
12.8 


11.2 


13.1 
16.3 
11.4 
15.5 


7.7 
11.4 
7.0 


10.6 
8.4 


8.1 
12.2 

6.8 
14.6 
15.4 
12.3 

9.5 

6.9 


9.5 
10.5 
7.8 


3.8 


11.5 
13.5 

9.1 
12.4 

5.2 
13.5 


12.3 
21.6 
19.3 


8.5 
15.5 
12.2 


11.2 


16.7 
12.1 


Tons 
5.9 


7.4 


12.7 
17.6 
11.4 
15.9 


13.0 
6.0 
12.8 
14.8 
12.8 
9.1 
7.2 


10.4 
14.1 
9.1 

12.6 
4.5 
16.0 


11.0 


1  Exclusive  of  1919. 

2  Sugar  beets  first  year. 

3  Sugar  beets  second  year. 

The  average  sugar-beet  yields  during  the  21-year  period  are  shown 
graphically  in  figure  2  for  different  crop  sequences  and  treatments 
combined. 

It  should  be  noted  that  in  an  alfalfa  rotation  where  2  of  the  crops 
out  of  6  are  pastured  with  sheep  and  lambs  and  the  beets  follow  a 
cultivated  crop,  the  yield  was  12.5  tons  per  acre  and  next  to  the  highest 
yielding  rotation  in  the  series.  Beets  following  red  clover  have  given 
uniformly  low  yields  during  the  entire  period. 


CORN 


In  the  irrigated  rotations  corn  is  grown  in  10  different  rotations, 
one  of  which  contains  2  years  of  corn.  In  three  6-year  rotations 
where  the  third-year  alfalfa  is  pastured  with  hogs  or  sheep,  the  corn 
crop  is  also  harvested  with  hogs  or  lambs  in  three  instances.  The 
annual  yields,  1930-32,  together  with  the  average  yields  by  6-year 
periods,  1912-29,  are  given  in  table  7. 

These  corn  yields  are  divided  into  two  sections,  the  first  part  being 
from  7  rotations  where  the  crop  is  harvested  in  the  usual  manner,  and 
the  second  is  from  3  rotations  where  the  crop  is  harvested  with  live- 
stock and  the  yields  are  estimated.     In  the  case  of  the  4  plots  har- 
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vested  by  livestock,  the  method  of  arriving  at  the  acre  yield  was  as 
follows:  The  stand  is  determined  by  actual  count  on  the  plot.  The 
ears  are  harvested  from  100  plants.  If  there  are  2,360  plants  on  the 
plots,  the  ears  are  harvested  from  every  twenty-third  plant.  The 
total  air-dry  weight  of  the  ears  from  the  100  plants  multiplied  by 
23.6  equals  the  total  weight  of  corn  on  the  plot,  and  this  divided  by 
70  would  give  the  number  of  bushels  on  the  plot. 

The  highest  yield  from  any  of  the  rotations  where  actual  yields 
were  obtained  during  the  21-year  period  was  63.9  bushels  per  acre 
from  rotation  66  in  1922,  and  the  lowest  was  14.7  bushels  from  the 
continuously  cropped  plot  6-a  in  1927.     The  rotation  producing  the 


Figure  3.— A,  Sugar  beets  after  alfalfa,  rotation  46;  B,  sugar  beets  after  oats  and  manure,  rotation  61. 

(Photographed  Aug.  8,  1931.) 

highest  yield  for  the  last  6-year  period  was  no.  37,  which  included 
corn,  barley,  and  sweetclover  pastured  with  dairy  cows. 

The  corn  yields  from  the  rotations  where  the  crop  was  harvested 
by  livestock  have  been  consistently  higher  than  those  obtained  from 
other  cropping  systems.  The  mean  yield  for  the  last  6-year  period  is 
51.7  bushels  per  acre  from  this  group,  or  15.3  bushels  more  than  the 
mean  yield  for  the  same  period  for  the  7  cropping  systems  in  the 
first  series.  These  results  indicate  that  harvesting  certain  crops  with 
livestock  has  had  a  definitely  favorable  influence  on  increasing  the 
yields  of  corn.  Corn  yields  following  beets  have  been  relatively  low, 
but  beets  have  returned  satisfactory  yields  when  corn  has  been  the 
preceding  crop.     For  best  results,  corn  should  follow  alfalfa  or  sweet- 


AGRICULTURAL   INVESTIGATIONS   AT   BELLE    FOURCHE 


13 


Table  7. — Annual  acre  yields  of  corn  for  each  year  1930-32,  together  with  the 
average  yields  by  6 -year  periods,  1912-29 

ACTUAL  YIELDS 


Rota- 
tion no. 


6-a. 
16- 
26- 
32.. 
37- 


Crop  sequence 


Corn,  continuous 

Oats,  corn 

Potatoes,  corn 

Sugar  beets,  oats,  corn 

Barley  and  sweetclover,  sweetclover  pastured  with  cows, 
corn. 

Oats,  sugar  beets,  alfalfa  3  years,  corn 

Winter  wheat,  red  clover,  sugar  beets,  flax,  barley,  corn. 


Annual  mean. 

Maximum 

Range 


1930 


38.6 
33.3 
36.9 
25.3 
45.6 

47.0 
38.4 

37.9 
47.0 

21.7 


1931 


31.5 
18.2 
21.7 
25.7 
33.7 

34.0 

18.9 


26.2 
34.0 
15.8 


1932 


Bu. 
33.1 
25.8 
26.9 
25.7 
41.1 

41.4 

40.5 


33.5 
41.4 
15.7 


6-year  average 


1912- 
17 


Bu. 
45.5 
37.5 
35.0 
35.3 


37.1 
41.7 


38.7 


1918- 
23 


Bu. 
42.5 
36.4 
41.7 
39.5 


38.7 
42.3 


1924- 
29 


Bu. 
34.9 
30.5 
31.8 
30.2 
46.7 

41.2 
39.3 


36.4 


HARVESTED  WITH  LIVESTOCK  AND  YIELDS  ESTIMATED 


Flax,  oats,  alfalfa  (third  year  hogged),  corn  (hogged)... 

►Oats,  alfalfa  (third  year  hogged) ,  corn  2  years  (hogged) . 

Sugar  beets,  oats,  alfalfa  (third  year  sheeped),  corn  har- 
vested with  lambs. 


Annual  mean. 
Maximum..: 
Range 


45.9 
64.3 
59.3 
63.7 


58.3 
64.3 
18.4 


45.3 
34.0 
42.7 
37.2 


39.8 
45.3 
11.3 


52.1 
50.7 
48.0 
43.3 


48.5 
52.1 
9.8 


44.1 


56.0 
49.4 
55.9 
49.9 


52.8 


52.2 
55.2 
50.2 
49.1 


51.7 


i  5-year  mean;  no  corn  planted  in  1912. 

clover  in  a  rotation.  The  uniformity  of  the  corn  yields  each  season 
from  all  rotations  indicates  that  the  crop  may  be  expected  to  return 
fairly  satisfactory  yields  every  season  and  that  it  is  less  susceptible  to 
unfavorable  weather  conditions  and  less  subject  to  injury  from  insect 
pests  and  plant  diseases  than  are  cereals,  sugar  beets,  and  potatoes. 
These  results  further  indicate  that  corn  is  well  adapted  to  the  irrigated 
lands  of  the  Belle  Fourche  project. 

OATS 

In  table  8  are  recorded  the  yields  of  oats  from  the  24  different 
rotations  for  the  years  1930-32,  together  with  the  average  yields  by 
6-year  periods  from  1912  to  1929.  The  results  show  a  marked  differ- 
ence in  yields,  although  the  preceding  crop  was  the  same.  As  a  rule 
the  best  yields  have  been  obtained  where  oats  follow  potatoes,  beets, 
or  corn.  In  the  early  years  of  the  rotation  experiments  the  yields  of 
oats  in  rotations  with  alfalfa  or  manure  were  not  increased,  and  in 
some  cases  they  were  even  depressed.  During  the  last  10  years  these 
treatments  have  had  a  more  favorable  influence  on  the  oat  yields. 

In  1932  the  average  yield  for  the  24  rotations  in  which  oats  were 
grown  was  71.6  bushels  per  acre.  Comparing  5  untreated  rotations 
in  1932,  the  average  yield  of  which  was  55.5  bushels,  with  5  rotations 
similar  in  every  respect  except  that  2  or  3  years  of  alfalfa  were  added, 
the  average  yield  was  76.1  bushels,  a  difference  of  20.6  bushels  in 
favor  of  the  alfalfa  rotations.  Comparing  the  same  rotations  by 
6-year  periods,  it  is  found  that  in  the  first  6-year  period  there  was  an 
increase  of  8.0  bushels  in  favor  of  the  alfalfa  rotations,  in  the  second 
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6-year  period  there  was  a  difference  of  2.8  bushels  in  favor  of  the 
rotations  without  alfalfa,  but  during  the  third  6-year  period  there 
was  an  increase  of  15.1  bushels  in  favor  of  the  alfalfa  rotations. 

Table  8. — Annual  yields  of  oats  for  each  year  1930-32,  together  with  average  yields 
by  6 -year  periods,  1912-29 


Rota- 
tion no. 


l-a_ 
16.. 
22- 
23- 
24- 
25- 
27.. 


Crop  sequence 


Oats,  continuous 

Corn,  oats.. 

Sugar  beets,  oats 

Sugar  beets,  oats  (manure) 

Potatoes,  oats 

Potatoes,  oats  (manure) 

Potatoes,  oats  (seed  rye  in  oat  stubble,  plowed  under  in 

spring). 

Wheat,  oats 

Sugar  beets,  potatoes,  oats 

Sugar  beets,  potatoes,  oats  (manure) 

Corn,  sugar  beets,  oats 

Potatoes,  sugar  beets,  oats 

Potatoes  sugar  beets,  oats  (manure) 

Sugar  beets,  alfalfa  2  years,  oats 

Alfalfa  2  years,  potatoes,  oats 

Alfalfa  2  years,  sugar  beets,  oats.. 

Alfalfa  2  years,  wheat,  oats 

Sugar  beets,  alfalfa  3  years,  oats 

Sugar  beets,  alfalfa  3  years,  potatoes,  oats  (manure) 

Alfalfa  3  years,  corn,  sugar  beets,  oats 

Alfalfa  3  years,  potatoes,  sugar  beets,  oats 

Alfalfa  (third  year  hogged),  corn  (hogged),  flax,  oats 

Alfalfa  (third  year  hogged),  corn  (2  years  hogged),  oats. 
Alfalfa  (third  year  sheeped),  corn  (sheeped),  sugar  beets, 

oats. 


Annual  mean. 
Maximum... 
Range 


1930 


Bu. 

48.9 
42.5 
56.2 
62.5 
71.2 
73.7 
56.2 


22.0 
53.1 
72.5 
35.0 
54.7 
47.5 
41.2 
83.7 
66.2 
67.5 
63.7 
61.2 
53.5 
45.0 
61.2 
81.2 
71.2 


58.0 
83.7 
61.7 


1931 


Bu. 
30.0 
13.1 
41.2 
36.2 
37.5 
48.7 
30.0 

34.2 
27.5 
33.7 
17.5 
23.7 
22.2 
21.2 
42.5 
28.7 
35.0 
27.5 
31.2 
26.2 
28.7 
36.2 
37.5 
60.0 


32.1 
60.0 


1932 


Bu. 

57.8 
55.0 
71.2 
78.7 
67.5 
76.2 
50.0 

32.5 
60.0 
71.2 
46.2 
57.5 
65.0 
62.5 
90.0 
88.7 
64.6 
95.0 
96.2 
68.2 
87.5 
83.7 
97.5 
95.0 


71.6 
97.5 
65.0 


-year  average 


1912- 
17 


Bu. 

66.8 
55.2 
68.0 
66.5 
68.2 
60.1 


35.2 
68.3 
76.3 
57.1 


47.9 
82.2 


65.0 
73.3 
61.1 


72.0 


65.0 


1918- 
23 


Bu. 
37.8 
41.4 
54.6 
59.4 
63.0 
66.3 
61.2 

26.7 
51.1 
61.5 
36.0 
54.0 
56.5 
36.6 
45.7 
38.6 
47.9 
49.8 
48.7 
37.6 
50.4 
45.4 
55.4 
54.4 


49.2 


1924- 
29 


Bu. 
39.5 
46.6 
59.0 
63.0 
59.0 
73.8 
59.9 

17.0 
58.2 
68.7 
41.8 
50.6 
50.8 
46.7 
75.3 
64.6 
67.3 
68.4 
71.2 
53.0 
54.4 
59.8 
71.2 
66.1 


57.7 


Comparing  4  untreated  rotations  with  4  similar  rotations  where 
barnyard  manure  was  applied  at  the  rate  of  12  tons  per  acre  once 
during  the  rotation,  the  average  yield  for  the  untreated  rotations  in 
1932  was  64.0  bushels  per  acre.  In  the  4  rotations  where  barnyard 
manure  was  applied,  the  average  yield  was  72.8  bushels,  a  difference 
of  8.8  bushels  in  favor  of  the  manured  plots.  Comparing  the  rota- 
tions by  6-year  periods,  the  average  for  the  first  6  years  of  untreated 
rotations  was  68.1  bushels  and  for  the  treated  rotations  67.6,  a  differ- 
ence of  0.5  bushel  in  favor  of  the  untreated  rotations.  During  the 
second  6-year  period  there  was  a  difference  of  5.2  bushels  and  for  the 
third  6-year  period  7.4  bushels,  respectively,  in  favor  of  the  treated 
rotations. 

The  yields  from  the  alfalfa  rotations,  both  treated  and  manured, 
are  practically  identical  for  1932  and  in  the  three  6-year  periods, 
1912-29.  The  3  rotations,  nos.  65,  69,  and  71,  in  which  certain 
crops  are  harvested  with  livestock,  are  worthy  of  consideration.  The 
average  yield  for  these  3  rotations  in  1932  was  92.0  bushels  per 
acre,  and  rotation  no.  69  in  1932  produced  the  highest  yield  of  any 
rotation. 

BARLEY 

When  the  rotation  experiments  recorded  in  table  9  were  started  in 
1912,  barley  was  included  in  only  2  rotations,  1  continuously  cropped 
and  the  other  in  a  6-year  rotation  where  barley  follows  flax. 
Neither  method  has  proved  satisfactory.     In  1923  a  3-year  rotation 
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was  included  in  the  series,  consisting  of  barley  seeded  with  sweet- 
clover,  sweetclover  pastured,  and  corn.  The  average  yield  for  the 
6-year  period  1924-29  was  46.2  bushels  per  acre,  and  in  1932  this  rota- 
tion produced  a  yield  of  59.3  bushels  per  acre.  The  new  barley 
rotations  included  in  1928  have  produced  satisfactory  yields  except 
in  1931  when  all  grain  yields  were  low,  due  to  unfavorable  climatic 
conditions  as  well  as  a  shortage  of  irrigation  water. 

Satisfactory  yields  of  barley  are  obtained  where  the  planting  is  on 
good  ground  and  following  a  cultivated  crop.  When  a  nurse  crop  is 
to  be  used  in  seeding  alfalfa  or  sweetclover,  barley  serves  the  purpose 
better  than  either  wheat  or  oats.  Under  proper  management  barley 
is  one  of  the  most  profitable  grains  for  feed  that  can  be  grown  locally 
under  irrigation.  Since  the  building  of  the  sugar  factory  in  1927, 
barley  to  a  large  extent  has  replaced  corn  as  a  grain  crop. 

Table  9. — Annual  acre  yields  of  barley  for  each  year,  1930-32,  together  with  the 
average  yields  by  6-year  periods,  1912-29 


Rota- 

Crop sequence 

1930 

1931 

1932* 

6-year  average 

tion 
no. 

1912- 
17 

1918- 
23 

1924- 
29 

10 

Barley,  continuous  ... .. 

Bu. 
25.0 
37.5 

36.7 

47.1 

42.2 

54.2 

24.2 

Bu. 
8.2 
28.3 

24.2 

13.9 

26.7 

30.8 

6.2 

Bu. 
22.1 
57.5 

60.0 

59.3 

53.4 

53.3 

22.5 

Bu. 
i  23.1 

Bu. 
10.3 

Bu. 
16.4 

19 

Barley  seeded  to  sweetclover,  plowed  under  in  fall,  sugar 

beets. 
Barley  seeded  to  sweetclover  and  pastured  in  fall  with 

lambs,  sugar  beets. 
Barley  seeded  to  sweetclover,  sweetclover  pastured  with 

dairy  cows,  corn. 
Barley  seeded  to  sweetclover,  sweetclover  pastured  with 

sheep,  corn  harvested  with  lambs,  sugar  beets. 
Barley  seeded  to  sweetclover,  sweetclover  pastured  with 

sheep,  sugar  beets  (manured),  sugar  beets. 
Barley,  corn,  winter  wheat,  red  clover,  sugar  beets,  flax.. 

nual  mean 

29 

37 

46.2 

47 

49 

66 

35.4 

24.4 

30.5 

Ar 

38.1 
54.2 
30.0 

19.8 
30.8 
24.6 

46.9 
60.0 
37.9 

29.3 

17.4 

31.0 

M 
Ra 

iximum.     .  .  

nge  ..  . . 

1  4-year  mean  yield,  1914-17. 


POTATOES 


The  yields  of  potatoes  for  the  years  1930-32,  together  with  the 
average  yields  by  6-year  periods,  1912-29,  are  recorded  in  table  10. 
The  annual  fluctuations  in  the  yields  of  potatoes  have  ranged  within 
wide  limits.  Rotations  with  manure  have  given  uniformly  better 
yields  than  those  without  this  treatment,  and  for  the  last  6  years  the 
benefits  of  including  alfalfa  in  the  rotations  are  apparent  in  the  form  of 
increased  yields.  The  season  of  1930  was  favorable  for  potatoes, 
whereas  growth  conditions  in  the  2  following  years  were  less  conducive 
to  the  harvesting  of  satisfactory  yields.  A  poor  stand  of  potatoes  was 
obtained  in  1931,  largely  due  to  unfavorable  weather  conditions  at 
the  time  of  planting  and  shortly  thereafter.  The  low  yields  in  1932 
were  caused  by  blight.  Three  applications  of  bordeaux  spray  were 
applied,  but  in  spite  of  this  the  disease  was  not  effectively  controlled. 
Heavy  gumbo  soils,  such  as  predominate  on  the  Belle  Fourche  project, 
are  not  favorable  to  high  yields  of  potatoes.  If  weather  conditions 
are  favorable,  fair  yields  may  be  expected,  and  these  results  indicate 
that  over  a  series  of  years  a  farmer  may  expect  returns  justifying  the 
inclusion  of  potatoes  in  his  planting  program  if  the  crop  is  grown  in 
well-planned  rotations  following  alfalfa  or  manure. 
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Table  10. — Annual  acre  yields  of  potatoes  for  each  year,  1930-32,  together  with  the 
average  yields  by  6 -year  periods,  1912-29 


Rota- 

tation 

no. 


Crop  sequence 


Potatoes,  continuous 

Sugar  beets,  potatoes 

Sugar  beets  (manure) ,  potatoes 

Oats,  potatoes 

Oats  (manure),  potatoes 

Corn,  potatoes 

Oats  (seed  rye  in  stubble,  plowed  under  in 

spring),  potatoes. 

Oats,  sugar  beets,  potatoes 

Oats  (manure),  sugar  beets,  potatoes 

Sugar  beets,  oats,  potatoes 

Sugar  beets,  oats  (manure),  potatoes 

Sugar  beets,  alfalfa  2  years,  potatoes 

Oats,  alfalfa  2  years,  potatoes 

Oats,  sugar  beets,  alfalfa  3  years,  potatoes... 
Oats  (manure),  sugar  beets,  alfalfa  3  years, 

potatoes. 
Sugar  beets,  oats,  alfalfa  3  years,  potatoes 


Annual  mean. 
Maximum... 
Range 


Bushels 
176.9 
133.3 
177.9 
138.0 
195.4 
163.3 
123.3 

193.3 
229.3 
220.7 
233.3 
172.9 
220.0 
179.3 
164.0 

150.7 

179.5 
233.3 
110.0 


1931 


Bushels 
98.0 
78.7 
216.0 
135.3 
153.3 
127.3 
144.7 

133.3 
124.7 
163.7 
158.3 
96.7 
176.7 
175.7 
187.7 

138.3 


144.3 
216.0 
137.3 


1932 


Bushels 
74.7 
91.3 
151.3 
127.  5 
159.0 
87.0 
78.3 

67.7 
146.5 
156.1 
156.7 
120.3 
172.7 
157.  3 
176.0 

139.7 


128.  9 
176.0 
108.3 


-year  average 


1912-17  1918-23 !  1924-29 


Bushels 
136.0 
112.8 
143.6 
103.0 
117.1 
115.6 
97.3 

92.7 
135.6 


101.0 
137.  1 
103.9 
105.9 


115.5 


Bushels 
102.3 
107.7 
181.7 
125.3 
148.1 
125.3 
76.6 

121.4 
175.0 
147. 1 
169.5 
155.1 
146.6 
128.3 
122.0 

101.  1 


133.3 


Bushels 
125.9 

90.2 
151.0 
134.2 
169.0 
138.3 

96.4 

127.0 

180.4 
138.4 
189.8 
137.9 
183.8 
144.1 
133.2 

132.3 


142.0 


Exclusive  of  1920. 


WHEAT 


Spring  wheat  is  grown  in  four  rotations.  One  plot  is  continuously 
in  wheat,  and  there  are  two  2-year  rotations  where  wheat  follows 
another  grain  crop.  In  the  other  two  rotations  wheat  follows  alfalfa 
in  a  4-year  rotation  and  beets  in  a  2-year  rotation.  The  maximum 
yield  in  1932  was  35.0  bushels  per  acre  in  a  4-year  rotation  where 
wheat  followed  alfalfa,  and  the  minimum  was  15.5  bushels  per  acre 
in  plot  no.  5-a,  continuously  cropped,  which  has  returned  an  average 
yield  for  19  years  of  14.0  bushels  per  acre.  For  21  years  wheat 
following  beets  in  a  2-year  rotation  has  averaged  23.3  bushels  per 
acre.  Wheat  following  alfalfa  in  a  4-year  rotation  returned  25.1 
bushels  per  acre  for  the  same  period. 

Winter  wheat  has  been  grown  in  2  rotations,  1  continuously  cropped 
and  1  in  a  6-year  rotation  following  corn.  Neither  method  has 
proved  satisfactory.  The  average  yield  for  18  years  from  the  con- 
tinuously cropped  plot  has  been  13.4  bushels  per  acre,  and  from  the 
one  following  corn  it  has  averaged  13.3  bushels  per  acre  for  the  same 
period. 

Under  these  conditions  neither  spring  nor  winter  wheat  fit  advan- 
tageously into  the  planting  program  of  most  irrigated  farms  in  the 
Belle  Fourche  area  either  as  a  cash  crop  or  feed  crop.  Over  a  series 
of  years  oats,  barley,  and  corn  yield  more  than  wheat. 

FLAX 

Table  11  gives  the  annual  yields  of  flax  for  the  years  1930-32,  to- 
gether with  the  average  yields  by  6-year  periods  from  1912  to  1929. 
Flax  is  grown  in  3  rotations — 1  continuously  cropped,  1  in  a  6-year 
rotation  following  corn  harvested  with  hogs,  and  the  other  in  a 
6-year  rotation  following  sugar  beets. 

The  average  yield  for  the  continuous  flax  plot  for  21  years  was  9.7 
bushels  per  acre.     The  average  yield  in  rotation  65,  flax  following 
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corn,  for  the  same  period  was  15.0  bushels  per  acre,  and  in  rotation 
66,  flax  following  sugar  beets,  the  average  yield  was  14.6  bushels. 
That  flax  impairs  the  productivity  of  the  land  more  rapidly  than 
wheat  or  oats  is  not  substantiated  by  these  results,  as  the  yields  of 
flax  in  continuous  cropping  have  been  maintained  as  well  or  better 
than  the  continuously  cropped  grain  plots.  Flax  following  corn  or 
sugar  beets  has  done  equally  well  as  far  as  yields  are  concerned.  Even 
if  the  other  factors  were  favorable,  flax  under  irrigation  is  not  a  crop 
to  be  recommended,  because  of  the  difficulty  in  controlling  weed 
growth.  To  hold  the  weeds  in  check  as  much  as  possible,  seeding 
has  been  delayed  until  about  May  20,  in  order  to  sprout  the  weed 
seeds  and  as  far  as  possible  eradicate  them  before  the  flax  is  planted. 

Table  11. — Annual  acre  yields  of  flax  for  each  year  1930-32,  together  with  average 
yields  by  6-year  -periods  1912-29 


Crop  sequence 

1930 

1931 

1932 

6- year  average 

Rota- 
tion no. 

1912- 
17 

1918- 
23 

1924- 
29 

9 

Bu. 
10.1 
15.2 
12.5 

Bu. 
1.0 
6.8 
6.8 

Bu. 
7.2 
13.6 
13.0 

Bu. 
14.3 
16.2 
15.5 

Bu. 
7.9 
17.4 
15.4 

Bu. 

9.1 

66 

66 

Flax,  oats,  alfalfa,  3-year  (hogged),  corn  (hogged) 

Flax,  barley,  corn,  winter  wheat,  red  clover,  sugar  beets. 

12.9 
14.8 

Ar 
M 
A\ 

12.6 
15.2 
5.1 

4.9 
6.8 
5.8 

11.3 
13.6 
6.4 

15.3 

13.6 

12.3 

rerage - -- 

SUMMARY   OF  OBSERVATIONS   ON   THE   ROTATION   EXPERIMENTS 

As  a  rule,  crops  following  alfalfa  show  increases  in  yields  as  com- 
pared with  rotations  not  including  alfalfa  or  sweetclover,  but  those 
increases  are  much  higher  in  rotations  where  the  alfalfa  is  pastured 
with  sheep  or  hogs.  The  applications  of  manure  have  influenced 
favorably  the  yields  of  sugar  beets,  potatoes,  and  alfalfa,  and  in- 
creased slightly  the  yield  of  grain.  Sugar  beets  following  a  cultivated 
crop  have  given  fairly  uniform  good  results,  and  sugar  beets  following 
a  grain  crop  without  manure,  or  following  red  clover,  or  immediately 
after  alfalfa  have  given  low  yields.  Potatoes  in  rotations  which  in- 
clude manure  or  alfalfa  or  both  have  given  better  yields  than  without 
these  treatments.  The  same  is  true  of  corn.  Harvesting  certain 
field  crops  by  pasturing  with  livestock  has  resulted  in  higher  returns 
per  acre  than  harvesting  in  the  usual  way  and  has  given  a  marked 
increase  in  subsequent  crop  yields. 

Satisfactory  stands  of  alfalfa  have  been  obtained  by  using  grain 
as  a  nurse  crop  except  in  years  when  grasshoppers  are  abundant, 
otherwise  seeding  alfalfa  without  a  nurse  crop  has  produced  the  most 
satisfactory  stands.  The  best  results  are  obtained  by  fall-plowing 
the  land.  This  practice  is  particularly  desirable  in  connection  with 
the  preparation  of  the  land  for  small  grains  and  sugar  beets. 

The  outstanding  advantages  of  a  systematic  rotation  are:  (1)  In- 
crease in  crop  yields;  (2)  the  reduction  in  risks  (including  climatic 
conditions,  plant  diseases,  insect  pests,  and  price  fluctuations);  and 
(3)  better  distribution  of  labor  and  hence  more  economical  production. 

73743°— 34 3 
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The  following  cropping  systems,  based  upon  the  observations  of  21 
years,  are  recommended  in  the  irrigated  rotations.  On  the  lighter 
soils  of  the  project  where  the  land  is  uniform,  both  as  to  quality  of  soil 
and  ease  of  irrigation,  the  entire  farm  may  be  divided  into  seven  fields 
as  nearly  equal  in  size  as  practicable.  Four  of  these  fields  should 
be  in  alfalfa  each  year,  and  the  other  three  planted  to  such  crops  as 
corn,  potatoes,  sugar  beets,  or  grain.  Under  such  a  system,  one  field 
of  alfalfa  would  be  plowed  up  each  year  and  another  planted  to  grain 
and  alfalfa  to  replace  the  one  plowed. 

On  the  heavy  gumbo  soils  of  low  productivity,  where  much  of  the 
land  is  too  steep  to  irrigate  satisfactorily  when  planted  to  a  cultivated 
crop,  the  most  logical  procedure  is  to  plant  such  land  to  alfalfa  and 
continue  it  in  this  crop  as  long  as  the  stand  remains  fairly  good.  In 
the  locations  where  the  land,  though  heavy,  is  of  better  quality  and  of 
such  slope  that  cultivated  crops  may  be  irrigated  without  difficulty,  a 
3-  or  4-year  rotation  may  be  used  as  follows:  First  year,  grain  seeded 
to  sweetclover;  second  year,  pastured  or  harvested  for  hay  if  stock  is 
not  available ;  third  and  fourth  years,  such  crops  as  corn,  potatoes,  or 
sugar  beets.  For  maximum  yields,  manure  should  be  applied  at 
least  once  during  the  cycle  of  the  rotation.  It  is  highly  desirable 
that  the  rotation  scheme  be  so  planned  that  sufficient  feed  is  produced 
for  the  maintenance  of  the  farm  livestock. 

MIXED    GRASS   PASTURES 

Mixed  grass  pastures  planted  in  1916  and  1917  are  still  in  good  con- 
dition and  are  recommended  in  cases  where  a  permanent  pasture  is 
desired.  For  a  permanent  grass  pasture,  the  following  mixture  has 
been  found  to  give  satisfactory  results:  Bromegrass,  Kentucky  blue- 
grass,  orchard  grass,  meadow  fescue,  and  western  wheatgrass,  5 
pounds  each,  2  pounds  of  white  clover,  1  pound  of  alfalfa,  and  5 
pounds  of  sweetclover,  making  a  total  of  33  pounds  per  acre.  The 
mixture  may  be  planted  with  a  grain  drill  or  sown  broadcast  and 
lightly  harrowed.  In  either  case,  care  must  be  taken  not  to  cover  the 
seed  too  deeply. 

For  convenience,  a  permanent  pasture  of  from  5  to  10  acres  should 
be  established,  depending  on  the  size  of  the  farm  and  the  number  of 
livestock.  A  desirable  land  preparation  for  establishing  a  permanent 
grass  pasture  is  good  clean  corn  or  beet  ground,  disked,  leveled,  and 
narrowed  before  planting.  The  planting  may  be  done  in  the  spring 
with  a  nurse  crop  of  grain.  The  nurse  crop  may  be  kept  clipped 
during  the  summer,  rather  than  harvested  for  grain.  If  clipped,  a 
much  better  growth  of  the  grass  will  occur  and  the  pasture  will  be 
more  productive  the  following  year. 

To  obtain  a  maximum  carrying  capacity  on  grass  pasture,  the  field 
should  be  given  an  application  of  manure  every  fall  or  winter  and 
harrowed  with  a  spring-tooth  harrow  in  the  spring.  The  grasses 
used  in  the  mixture  are  not  deep-rooted,  and  frequent  irrigations 
should  be  applied  to  keep  them  in  a  vigorous  growing  condition 
throughout  the  summer. 
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PASTURING    SWEETCLOVER    WITH    DAIRY    COWS 

Rotation  37  covers  a  3-year  period,  corn,  barley  seeded  to  sweet- 
clover,  and  sweetclover  pastured  with  dairy  cows.  When  the  cows 
were  turned  into  the  sweetclover  they  did  not  take  to  it  readily. 
Although  the  quantity  of  milk  varied  but  little  when  changing  to 
sweetclover  from  the  grass  pastures,  the  cows  lost  in  weight.  During 
the  1 1  years  that  sweetclover  has  been  pastured,  there  has  been  only 
one  case  of  bloat. 

Pasturing  is  divided  into  two  periods,  the  spring  and  summer 
period,  from  about  May  15  to  August  15,  when  the  second-year  sweet- 
clover is  pastured,  and  the  fall  period,  from  about  August  15  to 
October  1,  when  the  spring-seeded  sweetclover  seeded  with  barley  as 
a  nurse  crop  is  pastured.  Like  all  other  irrigated  pastures,  the  sweet- 
clover field  should  be  divided  into  two  lots,  so  that  the  stock  may  be 
kept  off  the  land  during  irrigation.  By  this  method  a  much  better 
growth  is  obtained  than  when  the  whole  area  is  pastured  continu- 
ously. Handled  in  this  manner,  it  appears  from  the  results  of  the 
past  7  years  that  an  acre  of  sweetclover  should  furnish  pasture  for 
two  cows  from  about  May  15  to  October  1. 

While  pasturing  dairy  cows  on  sweetclover  it  is  necessary  to  feed 
some  grain,  which  was  done  at  the  rate  of  1  pound  per  4  pounds  of 
milk  produced.  From  the  results  obtained  during  the  7-year  period, 
it  appears  that  sweetclover  may  be  included  in  the  list  of  desirable 
crops  on  the  heavy  gumbo  soils  of  the  Belle  Fourche  project,  not 
only  for  the  actual  cash  returns  per  acre  for  pasture  but  for  the 
beneficial  effects  on  subsequent  crop  yields. 

PASTURING    ALFALFA    WITH    HOGS 

In  connection  with  two  of  the  irrigated  rotation  experiments,  the 
third  year  of  alfalfa  is  pastured  with  hogs.  One  is  rotation  65  and 
consists  of  3  years  alfalfa  followed  by  corn,  flax,  and  oats.  The 
other  is  rotation  69  and  consists  of  3  years  of  alfalfa,  2  crops  of  corn, 
and  1  of  oats.  The  third-year  alfalfa  and  the  corn  in  each  rotation  are 
pastured  with  hogs.  While  on  alfalfa  pasture,  the  hogs  are  fed  2 
pounds  of  corn  daily  for  each  100  pounds  live  weight.  Each  of  the 
two  plots  of  alfalfa  is  divided  into  two  lots  and  pastured  alternately, 
the  hogs  being  changed  every  2  weeks.  This  arrangement  results  in 
a  more  uniform  growth  of  the  alfalfa  and  greater  convenience  in 
irrigating.  The  pasture  season  is  divided  into  two  periods — the 
spring  period  from  early  May  to  July,  when  fall  pigs  are  used,  and  the 
summer  period  from  July  to  September,  when  spring  pigs  are  utilized. 
Changing  from  fall  to  spring  pigs  about  July  1  cannot  be  recommended 
as  a  farm  practice. 

When  the  experiment  was  begun,  the  object  was  to  obtain  the 
largest  quantity  of  pork  to  the  acre  of  alfalfa,  while  the  practical 
problem  is  to  obtain  the  cheapest  gams  for  the  grain  fed  by  utilizing 
alfalfa  pasture  as  a  supplementary  feed.  The  results  for  the  18-  and 
20-year  periods  are  as  follows:  The  total  average  five  weight  per 
acre  for  the  two  rotations  is  2,253  pounds,  or  at  the  rate  of  20  fall 
pigs  for  the  spring  period  and  30  pigs  for  the  summer  period.  The 
total  gain  per  acre  has  been  1,862  pounds  of  pork,  requiring  5,331 
pounds  of  corn,  or  at  the  rate  of  2.87  pounds  of  corn  for  1  pound  of 
pork.  The  results  of  pasturing  alfalfa  in  rotation  65  for  20  years 
and  in  rotation  69  for  18  years  are  shown  in  table  12. 
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Table  12. — Results  of  pasturing  alfalfa  with  hogs  in  rotations  65  and  69,  1913- 


Year 


1913. 
1914. 

1915. 
1916. 
1917. 
1918. 
1919. 
1920. 
1921. 
1922. 
1923. 
1924. 
1925. 
1926. 
1927. 
1928- 
1929. 
1930. 
1931. 
1932. 


Rota- 
tion 
no. 


Rotation  65  (20  years) . 
Rotation  69  (18  years). 


Length  of 
test 


Bays 


94 
121 
132 
132 
119 
119 
119 
119 
121 
121 
109 
109 
122 
122 
118 
118 
114 
114 
125 
125 
121 
121 
137 
137 
124 
124 
108 
108 
122 
122 
102 
102 
127 
127 
122 
122 
106 
106 


Weight,  acre  basis 


Live 

weight 


Pounds 
1,808 
1,815 
2,002 
2,060 
2,286 
2,238 
1,956 
1,956 
1,934 
1,979 
2,072 
2,062 
2,124 
2,124 
1,945 
1,964 
2,156 
2,168 
2,290 
2,344 
2,823 
2,816 
2,391 
2,295 
2,371 
2,242 
2,528 
2,644 
2,462 
2,551 
2,569 
2,600 
2,338 
2,318 
2,204 
2,051 
2,563 
2,513 


2,234 
2,273 


Grain  fed 


Pounds 
4,292 
5,104 
4,787 
4,976 
5,290 
5,128 
4,504 
4,464 
4,880 
4,880 
4,444 
4,444 
5,228 
5,228 
4,776 
4,776 
4,908 
4,908 
5,928 
5,928 
6,712 
6,712 
7,412 
7,636 
5,552 
5,661 
5,316 
5,464 
5,820 
5,980 
4,520 
4,492 
5,856 
5,664 
5,192 
4,964 
5,372 
5,316 


5,295 
5,368 


Gain 


Pounds 
1,068 
1,830 
2,024 
2,108 
1,962 
2,006 
1,742 
.  1,740 
1,942 
2,138 
1,714 
1,688 
2,024 
2,032 
1,942 
2,004 
1,886 
1,932 
2,082 
2,260 
1,862 
1,866 
2,500 
2,100 
2,188 
1,664 
1,664 
1,920 
1,721 
2,076 
1,468 
1,552 
1,904 
1,824 
1,632 
1,424 
1,716 
1,500 


1,844 
1,880 


Grain  fed 

per  pound 

of  gain 


Pounds 
4.01 
2.79 
2.36 
2.36 
2.70 
2.56 
2.64 
2.56 
2.51 
2.28 
2.60 
2.63 
2.58 
2.57 
2.46 
2.38 
2.60 
2.54 
2.85 
2.62 
3.54 
3.53 
2.96 
3.65 
2.54 
3.40 
3.19 
2.85 
3.38 
2.88 
3.08 
2.89 
3.08 
3.11 
3.18 
3.49 
3.13 
3.54 


2.91 
2.83 


PASTURING    CORN    WITH    HOGS 

The  results  of  harvesting  corn  with  hogs  for  the  18-  and  21-year 
periods  are  as  follows:  The  average  length  of  the  test  was  25  days; 
average  initial  weight,  91  pounds;  average  daily  gain,  1.68  pounds, 
requiring  4.2  pounds  of  corn  for  1  pound  of  gain.  The  average  yield 
of  corn  per  acre  for  the  period  was  50.6  bushels  per  acre  which  pro- 
duced 694  pounds  of  pork.  Table  13  gives  the  results  of  hogging 
corn  for  21  years  in  rotation  65  and  for  18  years  in  rotation  69. 
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Table  13. — Results  of  harvesting  corn  with  hogs  in  rotations  65  and  69,  1912-32 


Year 


1912. 
1913. 
1914. 

1915. 
1916. 
1917. 
1918- 
1919_ 
1920. 
1921. 
1922. 
1923. 
1924- 
1925_ 
1926. 
1927. 
1928. 


1931. 
1932. 


Rota- 
tion 
no. 


Average: 
Rotation 

years).. 

Rotation 

years).. 


(21 


Length 
of 
test 


Days 
26 
11 
20 
15 
10 
24 
26 
30 
37 
33 
35 
32 
32 
19 
28 
32 
26 
37 
37 
24 
24 
16 
16 
30 
30 
24 
24 
18 
15 
27 
24 
23 
25 
24 
24 
22 
25 
24 
24 


Weight,  acre  basis 


Total 
initial 


Pounds 
680 
1,632 
1,708 
1,620 
1,780 
1,252 
1,268 
1,280 
1,206 
1,530 
1,190 
1,342 
998 
1,466 
1,025 
1,240 
1,087 
1,480 
1,323 
1,492 
1,423 
1,424 
1,750 
1,812 
1,814 
1,580 
1,509 
1,936 
1,890 
1,936 
1,942 
1,616 
1,608 
1,676 
1,916 
1,948 
1,850 
2,028 
1,736 


1,556 
1,518 


Gain 


Pounds 
340 
560 
582 
548 
451 
518 
456 
682 
537 
758 
667 
642 
554 
682 
703 

1,034 
866 
962 

1,035 
854 
728 
428 
512 


978 
884 
708 
404 
384 
960 
742 
852 
774 
536 
718 
720 
560 
920 
794 


712 

fiTfi 


Corn 


Esti- 
mated 
acre 
yield 


Bushels 
28.7 
34.0 
34.8 
40.6 
34.0 
59.1 
47.7 
67.4 
55.4 
55.8 
56.7 
40.9 
40.0 
42.8 
43.6 
63.7 
52.7 
68.1 
68.9 
64.7 
53.2 
32.0 
37.0 
68.9 
68.2 
56.3 
58.8 
46.4 
38.6 
58.7 
60.7 
50.9 
52.6 
45.9 
61.8 
45.3 
38.3 
52.1 
49.3 


50.3 
51.0 


Fed  per 
pound 
of  gain 


Pounds 
4.7 
3.4 
3.3 
4.2 
4.2 
5.9 
5.8 
5.5 
5.7 
4.1 
4.7 
3.5 
4.0 
3.5 
3.5 
3.4 
3.5 
3.9 
3.7 
4.2 
4.2 
4.2 
4.0 
3.6 
3.9 
3.6 
4.7 
6.4 
5.6 
3.4 
4.6 
3.3 
3.8 
4.8 
4.8 
3.5 
3.8 
3.2 
3.5 


4.1 
4.3 


Average  per  pig 


Initial 
weight 


Pounds 
85 
51 
106 
81 
89 
104 
105 
108 
109 
95 
99 
67 
62 
74 
73 
77 
77 
74 
74 
74 
79 
89 
87 
91 
101 
79 
87 
121 
128 
97 
110 
81 
89 
140 
137 
97 
103 
84 
87 


94 


Daily 

gain 


Pounds 
1.63 
1.59 
1.81 
1.85 
1.87 
1.80 
1.53 
1.60 
1.38 
1.43 
1.58 
1.00 
1.08 
1.79 
1.89 
2.02 
2.38 
1.30 
1.50 
1.78 
1.69 
1.67 
1.60 
1.80 
1.81 
1.84 
1.70 
1.40 
1.73 
1.78 
1.72 
1.85 
1.72 
1.86 
2.13 
1.64 
1.56 
1.60 
1.65 


1.67 
1.70. 


PASTURING    ALFALFA,  CORN,  AND    BEET    TOPS    WITH    SHEEP 

Rotation  71  covers  a  6-year  period,  3  years  of  alfalfa  and  1  year  each 
of  corn,  beets,  and  oats.  The  third  year  of  alfalfa  is  pastured  with 
ewes  and  lambs,  and  the  corn  is  harvested  with  lambs.  From  1916 
to  1923,  inclusive,  the  ewes  were  removed  about  the  latter  part  of 
July  and  the  lambs  pastured  for  the  remainder  of  the  season.  From 
1924  to  1932,  inclusive,  the  lambs  were  taken  off  the  alfalfa  and  sold 
about  the  first  week  in  August,  when  they  had  reached  a  weight  of 
about  85  pounds,  which  is  considered  a  good  marketing  weight.  The 
ewes  were  retained  on  the  alfalfa  pasture  until  the  early  part  of  Octo- 
ber. On  alfalfa  yielding  4  tons  per  acre,  the  carrying  capacity  per 
acre  would  be  at  the  rate  of  about  8  ewes  from  May  20  to  October  1 
and  12  lambs  from  May  20  to  about  August  1.  If  this  alfalfa  was 
fed  as  hay,  it  would  be  equal  to  about  4.5  pounds  per  head  a  day. 

The  results  of  pasturing  alfalfa  on  an  acre  basis  from  1916  to  1932 
are  given  in  table  14. 
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Table  14. — Results  of  pasturing  ewes  and  lambs  on  alfalfa,  1916-32 


Year 

Number  of— 

Average  initial 
weight  for — 

Pasturing  period 
for— 

Average  gain  of 
lambs 

Ewes 

Lambs 

Ewes 

Lambs 

Ewes 

Lambs 

Daily  per 
lamb 

Per  acre 

1916 

12 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

12 
16 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

Pounds 

Pounds 

Days 
87 
80 
82 
74 
59 
46 
56 
70 
126 
141 
141 
99 
119 
91 
49 
63 
111 

Days 
87 
80 
112 
74 
103 
106 
101 
105 
56 
78 
96 
74 
75 
67 
49 
63 
77 

Pound 
0.23 
.30 
.30 
.57 
.45 
.41 
.30 
.30 
.49 
.51 
.50 
.33 
.33 
.47 
.39 
.27 
.63 

Pounds 
240 
380 
405 
512 
560 
528 
372 
390 
328 
480 
572 
292 
300 
380 
232 
208 
584 

1917 

128 
140 
120 
127 
153 
136 
137 
114 
146 
122 
165 
123 
156 
161 
153 
180 

35 
33 
,     30 
46 
49 
41 
48 
52 
40 
41 
57 
63 
62 
44 
51 
35 

1918 

1919 

1920 

1921 

1922 , 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931- 

1932 

180 
114 
141 

63 
30 
45 

141 
46 

88 

112 
49 

82 

.63 
.23 
.40 

584 
208 
398 

The  average  daily  gain  for  this  period  was  0.4  pound  per  lamb,  and 
the  average  total  gain  per  acre  was  398  pounds.  When  pasturing 
sheep  on  alfalfa,  certain  losses  from  bloat  may  occur.  Farmers  on  the 
project  who  pasture  sheep  in  large  numbers  have  sustained  losses,  but 
they  have  not  been  considered  heavier  than  those  which  occur  on  the 
range  from  other  causes.  It  is  much  safer  to  pasture  lightly  than  too 
closely,  and  more  satisfactory  gains  are  obtained.  The  pastures 
should  be  divided  into  two  equal  parts,  and  the  sheep  changed  from 
one  to  the  other  about  every  2  or  3  weeks.  This  will  permit  the  land 
to  be  irrigated  during  the  vacant  period. 

The  corn  plot  in  rotation  71  was  pastured  with  lambs,  and  as  soon 
as  the  beets  were  harvested  they  also  had  access  to  the  beet  tops. 
Since  1924  alfalfa  hay  in  racks  has  been  substituted  for  the  alfalfa 
pasture.  The  lambs  are  generally  turned  in  on  the  corn  early  in 
September,  and  for  the  first  2  weeks  they  feed  on  the  leaves  and  husks 
of  the  corn  before  they  go  into  the  grain.  No  digestive  disorders  have 
been  noted  which  could  be  attributed  to  overfeeding  of  corn.  Table 
15  shows  the  results  of  the  experiment  with  lambs  from  1916-32. 

The  average  total  gain  per  acre  was  663  pounds,  supplemented  with 
1  acre  of  beet  tops  and  alfalfa  hay  fed  in  racks.  In  1930,  which  repre- 
sented an  average  year,  it  required  1  acre  of  corn  yielding  63.7  bushels, 
1  acre  of  beet  tops,  and  7,640  pounds  of  alfalfa  hay  to  make  a  gain  of 
832  pounds.  It  required  4.3  pounds  of  corn  and  9.2  pounds  of  alfalfa 
to  make  1  pound  of  gain.  The  average  daily  gain  for  a  period  of  72 
days  was  0.34  pound. 
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Table  15. — Results  of  harvesting  corn  with  lambs,  1916-32 


Year 


1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927.. 

1928 

1929 

1930 

1931 

1932 

Maximum 
Minimum 
Average.. 


Lambs 

Corn 

Average  gain  of 
lambs— 

Number 
per  acre 

Pastur- 
ing 
period 

Average 
initial 
weight 

Acre 
yield 

Fed  per 

pound  of 

gain 

Per  acre 

Daily  per 
lamb 

Days 

Pounds 

Bushels 

Pounds 

Pounds 

Pound 

40 

62 

65 

52.0 

4.9 

600 

0.24 

48 

42 

72 

57.0 

4.4 

724 

.36 

32 

60 

72 

55.0 

5.1 

600 

.31 

32 

42 

71 

30.0 

3.4 

496 

.37 

28 

43 

65 

42.0 

5.3 

440 

.37 

24 

63 

91 

53.0 

5.6 

528 

.35 

40 

73 

47 

60.0 

6.3 

536 

.18 

40 

56 

64 

59.0 

6.5 

504 

.22 

32 

49 

64 

38.0 

4.4 

488 

.31 

52 

33 

81 

45.1 

2.9 

876 

.51 

40 

56 

60 

49.7 

3.9 

720 

.32 

56 

26 

62 

45.7 

5.7 

448 

.31 

60 

41 

61 

52.6 

2.3 

1,252 

.51 

68 

34 

66 

50.9 

7.2 

396 

.17 

72 

34 

72 

63.7 

4.3 

832 

.34 

52 

38 

64 

37.3 

2.5 

824 

.42 

52 

67 

70 

43.3 

2.4 

1,008 

.30 

72 

73 

91 

63.7 

7.2 

1,252 

.51 

24 

26 

47 

30.0 

2.3 

396 

.17 

45 

46 

67 

49.1 

4.5 

663 

.33 

PASTURING    SWEETCLOVER    WITH    SHEEP 

In  1928,  two  4-year  rotations,  including  sweetclover,  were  added  to 
the  present  series,  in  which  sweetclover  is  pastured  in  the  fall  of  the 
first  year  and  all  of  the  second  year.  The  average  results  of  pasturing 
these  rotations  the  second  year  are  shown  in  table  16. 

The  lambs  have  been  taken  out  about  August  1,  when  they  generally 
reached  marketable  weight.  The  ewes  are  continued  on  the  second 
season's  growth  until  the  spring-seeded  sweetclover  has  become  well 
established,  which  is  generally  the  latter  part  of  August.  The  sweet- 
clover will  furnish  fall  pasture  for  the  ewes  for  about  40  days.  Like 
all  other  irrigated  pastures,  the  sweetclover  pasture  should  be  divided 
into  two  lots,  so  that  the  stock  may  be  removed  when  an  irrigation 
is  required.  By  this  alternation  a  much  better  growth  is  obtained 
than  when  the  whole  area  is  pastured  continuously. 

Table  16. — Results  of  pasturing  ewes  and  lambs  on  sweetclover,  1928-82 


Year 

Number  of— 

Average     initial 
weight  for — 

Pasturing  period 
for— 

Average  gain  of 
lambs 

Ewes 

Lambs 

Ewes 

Lambs 

Ewes 

Lambs 

Daily  per 
lamb 

Per  acre 

1928 

8 
8 
8 
8 

8 

12 

12 
12 
12 
12 

Pounds 
150 
151 
149 
144 
145 

Pounds 
56 
64 
42 
51 
35 

Days 

105 
85 
62 

103 
87 

Days 
75 
64 
62 
78 
64 

Pound 
0.297 
.324 
.335 
.297 
.329 

Pounds 
267 

1929 

249 

1930 

249 

1931 

278 

1932 

253 

Maximum __  . 

151 
144 

148 

64 
35 
50 

105 
62 
88 

78 
62 

.335 
.297 
.316 

278 

Minimum 

249 

259 
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MAXIMUM  CROP    PRODUCTION 

A  cropping  experiment  to  obtain  information  as  to  the  maximum 
yields  which  could  be  obtained  from  certain  crops  was  inaugurated 
in  1920.  In  this  experiment  it  has  been  the  aim  to  use  such  cultural 
methods  and  crop  sequences  as  have  been  found  to  give  high  yields 
in  the  irrigated  rotations  and  in  other  experiments  at  the  station. 

In  this  experiment  10  crops  of  local  importance  with  the  following 
crop  sequences  were  used:  Rotation  no.  1,  oats,  corn,  mangels  (half 
sugar);  rotation  no.  2,  spring  wheat,  potatoes,  sugar  beets;  rotation 
no.  3,  barley,  potatoes,  mangels  (Mammoth  Long  Red);  rotation  no. 
4,  corn  and  flax;  rotation  no.  5,  winter  wheat  and  summer  fallow; 
and  rotation  no.  6,  alfalfa  plowed  and  reseeded  every  4  years.  Ma- 
nure was  applied  to  all  cultivated  crops  and  alfalfa  each  year  at  the 
rate  of  18  spreader  loads  per  acre.  Where  plowing  was  necessary  this 
was  done  in  the  fall.  In  table  17  are  given  the  yields  in  the  maximum- 
production  experiment  for  the  12-year  period  1920-31. 


Table  17.— 

Yields  of 

crops 

in  maximum-p 

roduc 

Hon 

experiments,  1920-81 

Crop 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

Aver- 
age 

Alfalfa tons-. 

4.50 

5.41 

5.43 

3.73 

4.97 

6.09 

5.64 

4.10 

4.89 

5.29 

6.07 

4.30 

5.03 

Barley bushels- - 

31.2 

30.9 

65.9 

51.7 

34.5 

52.9 

56.5 

47.3 

60.8 

42.5 

61.8 

32.5 

47.1 

Beets tons.- 

15.0 

13.7 

22.4 

19.5 

19.0 

21.1 

20.9 

15.5 

20.7 

20.6 

20.7 

13.7 

18.5 

Corn bushels .. 

52.4 

58.4 

56.0 

56.7 

37.2 

65.1 

62.8 

41.1 

54.0 

46.8 

46.5 

31.2 

50.6 

Flax do 

Mangels: 

Half  sugar. .tons- - 

7.1 

18.2 

16.9 

8.6 

13.6 

14.7 

19.6 

14.3 

15.9 



12.1 

3.2 

13.1 

18.5 

30.5 

34.9 

30.0 

44.0 

33.4 

24.3 

25.2 

31.0 

33.9 

43.3 

27.4 

31.3 

Mammoth  Long 

Red tons.- 

20.5 

32.9 

49.9 

33.7 

38.3 

33.2 

17.8 

28.3 

32.3 

31.8 

32.9 

26.5 

31.5 

Potatoes bushels . . 

98.3 

122.5 

303.0 

264.0 

301.6 

339.3 

298.0 

291.3 

351.3 

254.2 

288.0 

205.7 

259.8 

Oats do 

40.3 

45.3 

67.5 

66.0 

64.1 

73.1 

74.4 

37.4 

81.2 

88.7 

86.2 

42.5 

63.9 

Wheat: 

Spring do 

16.3 

26.7 

31.2 

18.2 

22.3 

32.7 

28.7 

13.3 

38.5 

34.5 

41.1 

17.3 

26.7 

Winter do 



27.3 

45.5 

29.1 

62.0 

24.7 

57.6 

9.9 



38.8 

69.3 

14.5 

37.8 

The  yields  in  this  experiment  for  the  12-year  period  have  been 
consistently  high  and  it  is  believed  of  a  magnitude  sufficient  to  cover 
production  costs  at  the  prevailing  local  prices  for  that  period. 

VARIETY    TESTS    OF    CEREALS 

During  the  period  covered  by  this  report,  a  number  of  varieties  of 
spring  wheat,  oats,  barley,  flax,  and  corn  were  tested  for  the  purpose 
of  determining  which  are  best  adapted  to  the  local  conditions  under 
irrigation. 

SPRING   WHEAT 

In  1926  the  wheat  was  planted  on  land  previously  in  potatoes,  on 
corn  ground  in  1927,  1928,  and  1929,  and  on  sugar-beet  ground  in 
1930,  1931,  and  1932.  In  all  instances  the  land  was  disked  only,  and 
the  wheat  was  seeded  at  the  rate  of  5  pecks  per  acre  with  a  disk  drill 
in  triplicated  fiftieth-acre  plots.     The  results  are  recorded  in  table  18. 

For  the  7-year  period,  Kubanka,  a  durum  variety,  yielded  30.8 
bushels  per  acre.  Of  the  bread  wheats,  Reliance  has  the  highest 
yield,  followed  by  Ceres  and  Marquis.  In  1928,  four  new  varieties 
were  included — Mindum  and  Nodak  of  the  durum  varieties  and 
Marquillo  and  Supreme  of  the  bread  varieties.  For  the  5-year  period 
1928-32,  inclusive,  Nodak  yielded  4.3  bushels  more  than  Kubanka 
and  Mindum  2.0  bushels  more.     The  bread  wheats,  Marquillo  and 
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Supreme,  yielded  less  than  either  Reliance,  Ceres,  or  Marquis  during 
this  same  period.  Reward  and  Hope  were  added  to  the  test  in  1929 
and  Federation  and  Champlain  in  1930,  but  none  of  these  new  varieties 
has  proved  superior  in  yield  to  Reliance  or  Ceres.  In  1927  unusually 
low  yields  were  harvested,  which  was  attributed  to  unseasonably  late 
seeding  on  May  26. 

Table  18. —  Yields  of  wheat  varieties  under  irrigation,  1926-$% 


# 

Acre  yields  of  wheat 

Variety 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

Average 

Bushels 
40.7 
38.9 

Bushels 
16.4 
12.2 

Bushels 
40.6 
40.0 
46.7 
49.5 
28.9 

Bushels' 

Bushels 

Bushels 

Bushels 

Bushels 
32.6 

34.2 
37.5 
42.8 
35.3 

36.9 
34.7 
40.3 
30.6 

11.7 
14.7 
17.0 
14.4 

42.0 
43.1 
36.9 
35.8 

30.8 

35.$ 

37.$ 

Marquis 

29.3 
27.8 
31.3 
23.8 
32.6 
25.8 
34.1 

5.0 
4.7 
7.2 
4.5 
7.5 
3.6 
5.3 
3.9 

25.6 
16.2 

Kota 

36.1 

24.9 

14.1 

36.4 
24.7 
39.7 
18.1 
32.8 
33.3 

41.9 

30.3 

17.2 

39.2 

29.3 

Quality 

18.  a 

Reliance 

42.2 

35.0 

17.8 

42.0 

30. 9> 
11.  G 

Marquillo — 

37.2 
32.2 
30.6 
33.1 

27.0 
30.8 
21.9 
28.3 
29.2 
33.3 

9.7 
12.2 
12.8 
12.2 

9.7 
16.9 

33.3 
29.5 
35.3 
35.8 
28.9 
39.2 

39.2 

28.0 

27.6 

25.1 

27.3 

22.6 

29.8 

Thatcher    (Minnesota    No. 
2303) 

OATS 


The  oat  varieties  tested  in  1926  were  planted  on  land  that  was  in 
peas  the  preceding  year,  on  alfalfa  land  hog-pastured  in  1927,  disked 
corn  ground  in  1928,  1929,  and  1930,  disked  potato  ground  in  1931, 
and  disked  beet  ground  in  1932.  The  oats  were  seeded  at  the  rate 
of  10  pecks  per  acre  with  a  disk  drill  in  triplicated  fiftieth-acre  plots. 
The  low  yields  in  1927  were  due  to  the  late  seeding  date  of  May  26. 
The  results  for  the  last  7  years  are  shown  in  table  19. 


Table  19.— 

-  Yields 

of  oat  varieties 

under  irrigation,  1926-S2 

Variety 

Acre  yields  of  oats 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

Average 

Bushels 
84.9 
91.5 
61.2 
87.2 
79.1 
71.6 
89.6 
88.6 
73.0 
58.3 

Bushels 
41.1 
26.0 
17.7 
24.5 
35.9 
15.1 
23.9 
21.4 
16.1 
33.8 

Bushels 
75.8 
92.2 
91.4 
92.9 
93.7 

Bushels 
79.1 
91.6 
86.4 
89.3 
68.7 
57.8 
86.0 
89.6 
90.6 
77.6 

Bushels 
98.9 
102.1 
105.2 
104.7 
77.1 
82.8 
103.6 
109.4 
114.6 
101.6 
116.1 
110.9 

Bushels 
31.2 
29.2 
30.2 
31.8 

Bushels 
84.4 
101.0 
100.5 
104.7 

Bushels 
70  8 

76.2 

70.4 

76.4 

70.9 

Hull-less  '    . 

56.8 

93.0 
89.8 
97.6 
83.6 

27.1 
33.9 
35.4 
28.6 
33.3 
41.7 

95.8 
96.9 
103.6 
77.6 
103.1 
103.3 

74.1 

Golden  Rain 

75.7 

75.8 

65.9 

84.2 

85.3 

1  The  yield  of  Hull-less  oats  is  computed  on  the  basis  of  32  pounds  to  the  bushel. 
73743°— 34 i 
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Of  the  early  varieties,  the  Sixty-Day  has  given  the  best  yield,  70.8 
bushels,  which  is  4.9  bushels  more  than  Gopher.  Of  the  five  mid- 
season  varieties,  there  is  very  little  choice.  The  Silvermine  and 
Swedish  Select  show  a  slight  advantage.  The  White  Russian  is  a 
late  variety,  about  10  to  14  days  later  than  the  midseason  types. 
It  has  returned  yields  less  than  either  the  early  or  midseason  varieties 
and  for  this  reason  is  not  recommended  for  western  South  Dakota. 
The  Hull-less  gave  the  lowest  average  yield  of  all  the  varieties  and  is 
not  recommended  except  when  needed  for  special  feed  requirements^ 

BARLEY   AND   EMMER 

The  barley  varieties  and  the  White  Spring  emmer  from  which  yields 
are  compared  were  planted  on  disked  corn  ground  in  1926,  on  alfalfa 
hog-pastured  and  fall-plowed  in  1927,  and  on  corn  ground  in  1928-32, 
inclusive.  The  barley  was  seeded  at  the  rate  of  8  pecks  per  acre 
with  a  disk  drill  in  triplicated  fiftieth-acre  plots.  The  annual  and 
average  yields  of  these  cereals  are  recorded  in  table  20. 


Table  20. 


Yields  of  barley  varieties  compared  ivith  yields  of  emmer  under  irriga- 
tion, 


Variety 

Acre  yield 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

Average 

Barley: 

Trebi  (C.I.  936) 

Bushels 
26.8 
25.6 
28.4 
29.3 
31.6 
25.1 

Bushels 
30.9 
26.0 
24.0 
41.0 
27.4 
19.8 
30.2 
16.3 
16.0 

Bushels 
54.9 
41.7 
42.4 
50.4 
34.4 
36.6 
52.1 
27.6 
26.0 

Bushels 
49.5 
33.3 
46.9 
49.3 
43.1 
41.7 
42.7 
33.3 
35.8 

Bushels 
81.7 
68.7 
52.0 
57.3 
49.4 
60.4 
73.4 
40.6 
41.7 
57.8 
44.2 

Bushels 
27.  1 

Bushels 
70.7 

Bushels 

48.8 

Coast  (C.I.  690) 

39.1 

Hannchen  (C.I.  531) 

17.4 
20.8 

68.4 
52.8 

39.9 

43.0 

Minsturdi  (C.I.  1556) 

37.2 

Luth  (C.I.  908) 

36.7 

White  Smyrna  (C.I.  195) 

30.9 

76.7 

51.0 

Awnless  Horsford  (C.I.  507) 

29.4 

Hull-less  Nepal  (C.I.  595) 

29.9 

Comfort  (C.I.  4578)         

7.6 
5.9 
9.0 
13.0 
9.4 

59.7 
47.2 
52.8 
50.4 
50.8 
53.1 
57.6 
57.3 
65.6 

41.7 

Velvet  (C.I.  4252)   

32.4 

X-239  Redfield 

30.9 

X-240New  Era 

31.7 

X-241  Redfield 

30.1 

Glabron  (C.I.  4577) 

Odessa  (C.I.  182) 

Lion  X  Manchuria  (C.I.  600 1) 

Emmer  (32-pound  bushel)   . .    . 

49.3 

67.7 

76.5 

45.1 

78.1 

32.3 

59.2 

The  yields  of  emmer  in  pounds  of  grain  per  acre  were  less  than  the 
better  varieties  of  barley.  The  Trebi  (C.I.  936),  a  six-rowed  variety, 
produced  the  highest  yield  per  acre  during  this  period.  White 
Smyrna,  Awnless  Horsford,  and  Hull-less  Nepal  were  included  in  1927. 
White  Smyrna  is  a  close  second  in  yield  for  the  6-year  period  and  has 
proved  to  be  one  of  the  best  varieties  to  grow  under  dryland  condi- 
tions. The  Awnless  Horsford  and  the  Hull-less  Nepal  produce  grain 
of  good  quality,  but  the  yields  are  low  in  comparison  with  other 
varieties.  In  1930  Velvet  and  Comfort,  smooth-awned  varieties,  were 
included  in  the  test,  and  for  the  3  years  the  yields  have  not  compared 
favorably  with  either  Trebi  or  White  Smyrna.  A  comparison  of  the 
yields  in  pounds  per  acre  of  barley  and  White  Spring  emmer  during 
the  7-year  period  1926-32  is  as  follows:  Trebi  barley,  2,342.4  pounds; 
White  Spring  emmer,  1,894.4  pounds. 
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CORN 

In  1926,  1928,  1929,  1930,  and  1932,  20  varieties  of  corn  were  grown 
under  irrigation  for  the  purpose  of  ascertaining  the  varieties  best 
adapted  to  local  conditions.     They  were  planted  in  triplicated  plots, 

Table  21. —  Yields  and  condition  of  corn  varieties  grown  under  irrigation,  1926-32 

[The  excess  moisture  content  at  husking  time  (columns  13-18)  is  given  as  a  percentage  of  the  air-dry  weight 
of  grain  after  being  air-dried  for  approximately  1  month,  when  it  still  contained  about  12  percent  of 
moisture] 


Acre  yield  of  grain 

Acre  yield  of  stover 

1926 

1928 

1929 

1930 

1932 

Aver- 
age 

1926 

1929 

1930 

1932 

Aver- 
age 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Squaw . 

Bu. 
46.9 

39.9 
39.2 
41.1 

Bu. 
54.9 

42.9 
54.0 
54.0 
39.4 

48.0 
48.0 
56.4 
52.3 
49.7 
54.0 
48.9 
50.6 
59.1 
48.0 
51.4 

56.4 
46.3 
43.7 
42.0 

Bu. 

46.6 

39.8 
42.5 
50.1 
44.6 

35.7 
43.2 
46.6 
41.1 
39.8 
45.3 
39.1 
45.3 
50.1 
39.1 
45.9 

48.0 
41.8 
46.4 
43.9 

Bu. 
40.5 

41.1 
54.2 

Bu. 

45.9 

43.2 
52.8 
55.5 
52.1 

37.0 
48.0 
48.0 

Bu. 
47.0 

41.4 
48.5 
50.2 
45.5 

37.6 
44.9 
49.6 
43.9 
46.1 
47.0 
45.4 
47.4 
56.1 
42.2 
51.1 

51.9 
42.9 
47.1 
42.2 

Tons 
1.3 

1.0 
2.2 
1.6 

.9 
1.3 

.9 
1.3 
1.4 
1.0 
1.5 
1.3 

1.2 
1.6 

"iTi" 

Tons 
1.1 

.9 
2.6 
1.5 
1.3 

1.6 
1.5 
1.5 
1.0 
1.7 
1.2 
1.4 
1.6 
1.2 
1.0 
1.4 

1.1 
1.0 
1.6 
1.7 

Tons 
1.2 

1.0 
2.4 
2.1 
1.1 

1.3 
1.7 
1.2 
1.6 
2.2 
1.1 
1.9 
1.7 
1.7 
1.2 
1.7 

1.9 
1.8 
2.4 
1.6 

Tons 
1.1 

1.7 
2.4 

2.3 
1.5 

1.4 
1.8 
1.5 

Tons 
1.2 

1.1 
2,4 
1  9 

Flint: 

Gehu 

Rainbow 

Disco  White . _. 

Stewart .     .. 

45.9 

38.4 
39.8 
48.7 
39.8    . 

1.3 

1.3 
1.6 
1.3 
1  3 

Yellow  dent: 

North  Dakota 

Minnesota  No.  13 

Alta 

28.9 
45.6 
48.2 
42.4 
48.9 
43.7 
48.2 
45.6 

All  Dakota 

Black  Hills 

1  8 

Burda ..  ... 

46.6 
45.3    . 
48.0    . 
63.1 
41.1 
49.4 

53.5 
41.8    . 
49.4 
39.8 

45.3 

52."  l" 
40.5 
57.6 

54.9 

48.T 

40.5 

1.6 

1.2 
1  6 

Hentzel,  Vale 

Hugh  Folden,  Whitewood.. 

White  Cap,  Spearfish 

Wisconsin  No.  25. 

1.2 
1.7 

2.0 

1.5 
1.3 
1  i 

Ola,  Soma.  

1  6 

White  dent: 

46.9 
41.8 

1.5 
1  5 

Silver  King 

Rustler 

1.9 
1.3 

2.0 

1.5 

Northwestern  dent 

45.0 

Grain  conditions  at  husking  time 

Variety 

Excess  moisture  content 

Soft  corn 

Shelled  corn 

8 

1 

a 

o 

a 

39 

8 

OS 

g 

2 

g 

2 

o 

2 

K3 

03 

03 

1 

CO 

2 

j! 

1 

13 

u 

15 

u 

17 

18 

19 

•,'() 

21 

22 

n 

24 

•>:> 

M 

27 

28 

29 

30 

Squaw 

Pet. 
4 

2 

26 
12 

Pet 
11 

4 
54 
27 
15 

25 

:-S4 
17 
25 
26 
21 
37 

30 

12 
11 
25 

18 

41 
33 
10 

Pet. 
12 

9 
26 
19 
15 

12 
14 
12 
13 
20 
11 
14 

14 
11 
9 
10 

9 
16 
13 
14 

Pet. 

2 

0 
28 

"6" 

18 

31 
15 

2l 

Pet 

6 

9 
27 
19 

9 

14 
17 
14 

.Pet. 
7 

5 
32 
19 
10 

16 
21 
13 
17 
20 
13 
20 

18 
9 
11 
15 

13 
22 
20 
11 

Pet. 
0 

0 
14 
5 

0 
1 
0 

17 
12 

1 
8 

0 

"o 

0 

23 

Pd 
2 

0 

13 
6 
4 

11 
13 
8 
4 

12 
7 

19 

5 

3 
5 

3 

73 
12 
0 

.  Pet. 
0 

0 
0 
0 
0 

0 
0 
0 
7 
0 
0 
0 

5 
0 
2 
0 

0 
9 
0 
0 

Pet. 
6 

7 
3 

*T 

16 
10 

9 

2 

Pet 

0 

0 
0 

0 
0 

0 
0 

0 

.Pet. 
2 

1 
6 
3 
2 

5 
5 
3 
7 
8 
2 
11 

4 
1 
2 
2 

1 

30 

7 

1 

Pet. 
75 

79 

79 
70 

79 
78 

SO 

7(1 
79 
SO 
79 

77 

SO 
79 

so" 

Pet 
81 

S3 
07 
71 
SI 

82 
78 
SI 
82 
79 
SO 

78 

80 
82 
82 
82 

82 
SO 
77 
82 

.  Pet. 
80 

80 
75 
76 

77 

80 
82 
80 
82 
79 
80 
80 

80 
80 
83 
80 

83 
82 
80 
80 

Pet. 

82 

82 
71 

~72~ 

79 
79 

82 
78 

Pet. 

79 

83 
74 
79 
79 

80 
81 
81 

Pet. 
79 

Flint: 
Gehu... 

81 

Disco  White .. 

75 

Stewart.    ..  .  

77 

Yellow  dent: 
North  Dakota ... 

11 
8 
5 
9 

13 
4 

12 

10 

80 

Minnesota  No.  13 

Alta. 

80 
81 

All  Dakota.. . 

79 

Black  Hills 

79 

Burda 

13 

18 

19 

l 
13 

15 

15 
18 
17 
12 

14 

~\V 
11 
10 

15 

"l9* 

11 

2 
16 

6 
4 
2 
5 

2 
14 
16 

2 

0 

"o 

0 

0 

0 

"o 

0 

80 
79 

79 
82 
82 
79 

81 
81 
77 
80 

81 

~82~ 
82 
80 

81 

83 

80 
79 

Hentzel,  Vale... 

Hugh  Folden,  White- 
wood—. 

79 

White  Cap,  Spearfish . 
Wisconsin  No.  25 

81 
82 

Ola,  Soma 

80 

White  dent: 
Payne 

7 
14 

81 

Silver  King 

80 

Rustler . 

79 

Northwestern  dent 

6 

7 

9 

80 

28   TECHNICAL  BULLETIN  454,  U.S.  DEPT.  OF  AGRICULTURE 

there  being  two  rows  in  each  plot  132  feet  long;  the  hills  were  spaced 
to  42  inches  in  the  row  and  thinned  to  three  stalks.  In  table  21  the 
annual  and  average  yields  for  the  5  years  are  recorded.  The  yields 
are  computed  from  the  air-dry  weight  at  70  pounds  per  bushel  of  ear 
corn.  Also  the  condition  of  the  corn  when  harvested  and  the  per- 
centage of  grain  are  shown. 

At  the  time  of  husking,  each  variety  was  weighed  and  samples 
taken  to  determine  the  loss  of  weight  in  air-drying.  This  excess 
moisture  at  harvest  time  is  given  as  the  percentage  of  air-dry  weight 
of  corn  after  drying  from  3  to  4  weeks,  when  it  still  contained  about 
12  percent  of  moisture.  The  loss  is  shown  in  columns  13  to  18  in  the 
table.  The  percentage  of  mature  corn  was  determined  by  segregating 
the  immature  ears  and  weighing  the  resulting  mature  ears.  The  per- 
centage of  shelled  corn  was  determined  by  weighing  the  air-dry  corn 
before  and  after  shelling. 

Of  the  flint  varieties  the  Gehu  has  proved  to  be  the  earliest  matur- 
ing of  those  included  in  the  test.  This  variety  yields  well  and  may  be 
advantageously  utilized  for  early  pasturing.  Of  the  dent  varieties, 
Payne  White  Dent,  Spearfish  White  Cap,  and  Alta  are  the  outstand- 
ing varieties.  In  years  favorable  to  corn  production,  Alta  and  Spear- 
fish White  Cap  outyield  Payne  White  Dent,  although  this  latter 
variety  has  proved  to  be  the  most  satisfactory  during  years  unfavor- 
able for  corn  production. 

VARIETY    TESTS    OF   FLAX 

The  flax  varieties  which  have  been  tested  were  seeded  on  disked 
corn  ground  in  1926,  fall-plowed  wheat  ground  in  1927,  disked  corn 
ground  in  1928,  fall-plowed  sweetclover  pasture  in  1929,  disked  corn 
ground  in  1930,  disked  sugar-beet  ground  in  1931,  and  fall-plowed 
sweetclover  pasture  in  1932. 

The  flax  was  seeded  with  a  disk  drill  at  the  rate  of  40  pounds  per 
acre  in  triplicated  fiftieth-acre  plots.  In  1928  two  wilt-resistant 
varieties,  Red  Wing  (C.I.  320)  and  Bison  (C.I.  389),  were  included 
in  the  test.  For  the  5-year  period  1928-32,  Bison  has  given  the  high- 
est average  yield.  In  1931  Buda  was  added  to  the  test,  but  so  far 
has  shown  no  particular  merit.  The  annual  and  average  yields  of 
flax  from  1926  to  1932  are  recorded  in  table  22. 

Table  22. —  Yields  of  flax  varieties  under  irrigation,  1926—32 


Variety 

Acre  yield 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

A  verage 

Bushels 
17.6 
16.1 
17.2 
15.3 
18.2 
17.0 
14.1 

Bushels 
20.0 
15.6 
20.3 
16.7 
16.1 
23.3 
21.4 

Bushels 

Bushels 

Bushels 

Bushels 

Bushels 

Bushels 
18.8 

Primost 

23.2 

10.1 

9.6 

6.2 

12.9 

13.4 

N.D.R.  No.  52  (C.I.  8) 

18.7 

N.D.R.  No.  114  (C.I.  13) 

16.0 

22.3 
22.3 
24.4 
22.6 
25.3 

9.1 
14.4 
11.0 
12.8 
15.3 

8.7 
11.2 
9.4 
9.0 
10.2 

14.9 

Rio  (Argentine)..  -  -_. 

5.7 
6.5 

6.5 
7.7 
5.1 

13.1 
13.1 
11.8 
13.2 
12.1 

15.3 

Linota 

14.3 
12.5 

Bison..- 

14.3 

Buda 

8.6 
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VARIETY   TESTS   OF   BEANS 

On  the  heavier  soil  types  characteristic  of  the  Belle  Fourche  area 
it  is  doubtful  if  the  production  of  beans  will  be  able  to  compete  suc- 
cessfully with  certain  other  more  promising  farm  crops.  However, 
the  possibility  that  the  farmer  might  grow  small  areas  of  beans  for 
home  consumption  justified  the  inclusion  of  some  of  the  more  promis- 
ing varieties  for  the  purpose  of  ascertaining  the  relative  yields. 
Twelve  varieties  have  been  under  observation  for  3  years,  and  the 
yields  are  given  in  table  23. 

In  1926  the  beans  were  grown  on  disked  potato  ground,  in  1931  on 
flax  ground,  and  in  1932  on  pastured  sweetclover  ground  fall-plowed. 
They  were  planted  in  triplicated  fiftieth-acre  plots. 

The  yields  of  the  stringless  varieties  have  not  proved  satisfactory, 
and  their  production  as  a  commercial  crop  does  not  appear  to  be 
warranted  on  the  heavy  gumbo  soils  similar  to  those  existing  where 
this  test  was  conducted.  The  Great  Northern  field  bean  has  given 
fairly  satisfactory  results,  as  has  the  Ito  San  variety  of  soybean. 


Table  23. —  Yields  of  bean 

varieties  under  irrigation,  1926,  1931, 

and  1982 

Acre  yield 

Variety 

Acre  yield 

Variety 

1926 

1931 

1932 

Aver- 
age 

1926 

1931 

1932 

Aver- 
age 

Bu. 
5.0 

Bu. 
7.9 
4.9 
3.8 
4.9 

6.5 
6.2 

Bu. 
8.9 
3.6 
6.1 
5.5 

10.8 
6.7 

Bu. 
7.3 
4.2 
8.9 

5.2 

8.6 
8.2 

Bu. 

Bu. 
6.7 
3.6 

8.6 

Bu. 
9.1 
3.9 

8.1 
19.7 
16.1 
12.0 

Bu. 

7  9 

3.7 

Giant  Stringless  Green  Pod. 

16.7 

Burpee     Stringless     Green 
Pod 

8.3 

Early  Improved  Red  Val- 

Great  Northern 

Manchu  soybeans 

25.8 

21.Y 

22.7 

11.7 

16.7 

VARIETY    TESTS   OF   POTATOES 

Potatoes  are  a  crop  of  some  importance  in  the  Belle  Fourche  area 
and  may  well  be  included  in  the  cropping  system,  particularly  on  the 
lighter  soils  of  the  project.  A  varietal  test  of  potatoes  has  been 
conducted  for  the  purpose  of  securing  information  relative  to  the 
varieties  best  adapted  to  the  locality. 

In  1926,  1927,  and  1929  the  potatoes  were  grown  on  irrigated  land 
that  had  been  in  sweetclover,  pastured  with  sheep  and  fall-plowed. 
In  1928  the  preceding  crop  was  grain,  manured  at  the  rate  of  12  tons 
per  acre  and  fall-plowed.  It  was  grown  in  triplicated  plots  of  two 
rows  each,  the  rows  being  42  inches  apart  and  132  feet  long.  The 
acre  yields  and  percentages  of  marketable  tubers  grown  during  this 
period  are  given  in  table  24. 

The  highest  yields  of  all  varieties  were  harvested  in  1928,  when  the 
potatoes  followed  grain  manured.  The  highest  per  acre  yield  was 
from  the  Bliss  Triumph  of  234.8  bushels,  of  which  90  percent  were, 
marketable,  followed  by  Irish  Cobbler,  228  bushels,  89  percent  market- 
able, and  Early  Ohio,  204.8  bushels,  90  percent  marketable.  One  of 
the  main  factors  influencing  yields  is  the  planting  of  seed  potatoes 
which  are  free  from  disease.     This  is  indicated  in  table  24.     Bliss 
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Triumph  was  grown  from  local  seed,  with  a  yield  of  162.6  bushels  per 
acre,  as  compared  to  210.1  bushels  from  certified  seed,  a  difference 
of  47.5  bushels  in  favor  of  the  certified  seed. 


Table  24. —  Yields  per  acre  of  potato  varieties  under  irrigation,  1926-29 


1926 

1927 

1928 

1929 

Average 

Variety 

Total 

Market- 
able 

Total 

Market- 
able 

Total 

Market- 
able 

Total 

Market- 
able 

Total 

Market- 
able 

Bliss  Triumph: 

Certified  seed 

Immature  seed 

Farm  seed      . 

Bu. 

144.0 

236.7 

183.5 

184.2 

Pet. 
92 
87 
85 
90 

Bu. 

132.5 
205.9 
156.0 
165.  8 

Bu. 

299.7 
233.1 
210.4 

272.5 

230.1 
157.6 
206.4 
143.7 
205.9 

216.3 

Pet,. 

79 
83 
78 
81 

83 
83 
79 
50 
64 

84 

Bu. 

236.8 
193.5 
163.8 
220.7 

191.0 
130.8 
163.1 
71.9 
131.8 

181.7 

Bu. 

260.3 

261.1 

245.1 

237.3 

225.1 
217.6 
242.4 
166.7 

Pet. 
97 
95 
95 
91 

94 
95 
92 
79 

Bu. 

252.5 
248.0 
232.8 
215.9 

211.6 
206.7 
223.0 
131.7 

Bu. 

235.2 

228.8 

104.0 

218.7 

221.6 
114.8 
133.6 
160.4 
154.4 

203.6 

Pet. 
93 
94 
94 
96 

95 
88 
93 
92 
72 

92 

Bu. 

218.7 
215.1 
97.8 
210.0 

210.5 
101.0 
124.2 
147.6 
111.2 

187.3 

Bu. 

234.8 
239.9 
185.7 
228.2 

225.6 
162.2 
190.7 
153.4 
183.2 

204.8 

Pet. 
90 
90 

88 
89 

91 
89 
88 
73 
76 

90 

Bu. 

210.1 
215.  6 
162  6 

Irish  Cobbler.  .....    . 

203  1 

Irish  Cobbler  (certified 
seed).        ..    .  

204.4 

Greeley  Pearl  _ 

158.8 
180.5 
143.0 
189.2 

90 
90 
73 
92 

142.9 
162.4 
104.4 
174.1 

145  3 

Rural  New  Yorker 

Green  Mountain 

Idaho  Russet.  .. 

168.2 
113.9 
139.0 

Early   Ohio   (certified 
seed)...  ._• 

194.4 

94 

182.7 

183.9 

SILAGE    TESTS 

Tests  of  silage  crops  have  been  conducted  since  1917.  The  vari- 
eties were  grown  in  triplicated  plots  of  four  rows  each,  132  feet  long 
and  42  inches  apart.  The  annual  yields  from  1926  to  1929  are 
recorded  in  table  25.  The  silage  corn  has  been  planted  at  the  same 
time  as  the  corn  grown  for  the  grain,  usually  about  May  15.  The 
corn  is  generally  harvested  between  September  1  and  15,  and  at  that 
time  the  grain  of  the  earlier  varieties  usually  is  well  dented.  At  the 
time  of  harvesting,  samples  were  taken  of  each  variety  for  dry-weight 
determinations.     These  results  are  also  given  in  table  25. 


Table  25. 


Yield  and  dry-matter  content  of  silage  crops  grown  under   irrigation, 
1926-29 


Variety 


Corn: 
Sweet  Fodder 

Payne  White  Dent 

Red  Cob 

Early  Murdock 

Minnesota  Amber  sorgo. 


Acre  yield 


Tons 
7.99 
6.26 

10.35 
8.88 

10.35 


1927 


Tons 
8.36 
8.08 

11.04 
9.92 

11.56 


1928 


Tons 
6.16 
7.57 
8.68 
8.63 
9.04 


1929 


Tons 
10.59 
9.63 
13.40 

14."  16 


Av- 
er- 
age 


Tons 
8.27 
7.88 

10.87 
9.14 

11.28 


Comparison  of  total  yield  and  air-dry  matter 


J\i. 
18 
30 
25 
27 
23 


Tons 
1.44 
1.88 
2.59 
2.40 
2.38 


1927 


Pet. 

27 
27 
29 
26 

27 


Tons 
2.26 
2.18 
3.20 
2.58 
3.12 


1928 


Pet. 
23 
35 
28 
31 
31 


Tons 
1.42 
2.65 
2.43 
2.66 
2.80 


1929 


Pet. 
29 
39 
27 


Tons 
3.07 
3.76 
3.62 


3.96 


Average 


Pet. 

24 
33 

27 


27 


Tons 
2.05 
2.62 
2.96 


28   2.55 


3.07 


During  the  4  years,  Minnesota  No.  13  sorgo  has  given  the  best 
yield  per  acre.  In  no  year  has  the  Early  Murdock,  Red  Cob,  or 
Sweet  Fodder  had  mature  corn.  The  same  variety  of  corn  that  is 
generally  grown  for  grain  should  be  used  for  silage.  In  previous  tests, 
Dakota  Amber  sorgo  has  been  included,  and  the  yield  per  acre  has 
been  found  to  be  about  the  same  as  corn,  but  cane  silage  is  not 
relished  so  much  by  livestock,  and  the  same  is  true  of  Mammoth 
Russian  sunflower.  Where  corn  can  be  grown  successfully  it  is  to  be 
preferred. 
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WINDBREAK    PLANTINGS 

ON  DRY  LAND 

Tests  of  various  species  of  trees  for  shade  and  windbreaks  have 
been  conducted  in  cooperation  with  the  Division  of  Dry  Land  Agri- 
culture and  the  Forest  Service.  In  1909  the  following  species  were 
planted  with  the  exception  of  the  hackberries  and  the  Austrian  pines, 
which  were  planted  the  following  spring: 

Common  name  Scientific  name 

Ash,  green Fraxinus  lanceolata. 

Cedar,  red * Juniperus  virginiana. 

Elm,  American Ulmus  americana. 

Hackberry Celtis  sp. 

Honeylocust Gleditsia  triacanthos. 

Locust,  black Robinia  pseudoacacia. 

Pea-tree,  Siberian Caragana  arborescens. 

Pine,  Austrian Pinus  nigra. 

Pine,  Scotch Pinus  sylvestris. 

Poplar,  northwest Populus  sp. 

Russian-olive Elaeagnus  angustifolia. 

Spruce,  Black  Hills Picea  glauca  albertiana. 

Willow,  Russian  golden Horticultural     variety     of    Salix 

vitellina.  • 

Willow,  white Salix  alba. 

The  land  was  broken  in  June  1908  from  native  sod  and  was  thor- 
oughly replowed  in  the  early  fall,  in  order  to  kill  out  all  native  vege- 
tation. The  spring  and  summer  of  1909  was  very  favorable  to  plant 
growth,  and  good  stands  were  obtained  from  all  varieties.  All  sur- 
vived the  winter  of  1909-10  without  serious  injury,  except  the  black 
locust  and  the  Scotch  pine.  The  Austrian  pine  planted  in  1910  was 
a  total  failure,  and  only  about  half  a  stand  of  hackberry  resulted  from 
planting  made  that  year. 

During  the  winter  of  1912-13  the  Cottonwood,  black  locust,  and 
white  and  golden  willows  were  killed  to  the  ground.  This  appeared 
due  to  their  having  been  weakened  by  drought  and  thus  made  more 
subject  to  injury  by  low  winter  temperatures.  However,  with  the 
exception  of  black  locust,  these  species  came  through  successfully 
when  irrigated.  For  the  first  6  years,  the  green  ash  had  the  appear- 
ance of  the  most  promising  tree  for  dry-land  conditions,  but  in  1917 
the  trees  were  badly  infested  with  borers,  and  nearly  all  died  during 
the  summer  of  1918. 

The  trees  planted  in  1909  were  spaced  in  rows  6  feet  apart  and  4 
feet  apart  in  the  row.  Cultivation  was  possible  only  for  the  first 
3  to  4  years.  Weeds  and  native  grasses  soon  infested  the  plantings 
and  the  trees  gradually  died,  until  in  1930  only  four  species  survived. 
These  were  the  honeylocust,  Russian-olive,  Siberian  pea-tree,  and  the 
red  cedar.  During  the  past  10  years  even  these  species  have  made 
little  growth  (fig.  4). 

In  1923  another  planting  was  made.  The  land  was  summer- 
fallowed  the  year  before  planting.  Three  of  the  surviving  varieties 
of  the  first  planting  were  used,  which  included  honeylocust,  Russian- 
olive,  and  American  elm.  The  rows  were  16  feet  apart  and  the  plants 
spaced  6  feet  apart  in  the  row.  The  first  season  was  very  favorable 
to  growth,  and  good  stands  were  secured.  These  trees  have  been 
given  clean  cultivation  to  date  and  made  excellent  growth,  except  the 
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American  elm.  This  species  (fig.  5),  even  with  the  wider  spacing,  does 
not  appear  to  be  adapted  to  dry-land  conditions  in  western  South 
Dakota. 

The  results,  thus  far,  indicate  that  where  the  trees  are  not  irrigated 
a  spacing  of  about  24  feet  between  rows  and  6  feet  between  the  trees 
in  the  row  is  advisable.     With  the  wider  spacing,  very  little  hand 


Figure  4.— Russian-olive  and  Siberian  pea-tree  at  the  left,  hackberry  and  American  elm  in  the  center, 
and  honeylocust  at  the  right.  Trees  planted  in  1909-10  on  dry  land,  spacing  6  by  4  feet.  (Photographed 
Aug.  15,  1931.) 


Figure  5.— Honeylocust  at  the  left,  American  elm  in  the  center,  and  Russian-olive  at  the  right.  Trees 
planted  in  1923.  Spacing  rows  16  feet  apart  and  6  feet  apart  in  the  row,  indicating  the  desirability  of 
wider  spacing  and  clean  cultivation  when  the  planting  is  not  irrigated.    (Photographed  Aug.  15,  1931.) 

work  is  necessary  after  the  trees  are  established,  as  weed  growth  can 
be  controlled  by  cultivation. 

The  land  where  trees  are  to  be  planted  should  be  free  from  weeds 
and  native  vegetation  previous  to  planting.  This  may  be  done  by 
using  a  cultivated  crop,  but  preferably  by  summer-fallowing.  Of  the 
surviving  species  tested,  honeylocust,  Russian-olive,  red  cedar,  and 
Siberian  pea- tree  are  the  most  desirable. 
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ON  IRRIGATED  LAND 

About  7  acres  are  used  for  testing  trees  under  irrigation  for  wind- 
break purposes.  Plantings  were  begun  in  1912.  Table  26  records  the 
species  of  trees,  date  of  planting,  and  height  in  1930. 

Table  26. — Results  of  tree  plantings  under  irrigation 


Species  ] 


Russian-olive,  Elaeagnus  angustifolia. 
Pea-tree,  Siberian,  Caragana  arbores- 

cens 

American  elm,  Ulmus  americana 

Honeylocust,  Gleditsia  triacanthos 

Northwest  poplar,  Populus  sp 

Green  ash,  Fraxinus  lanceolata 

Boxelder,  Acer  negundo 


Date 

Total 

plant- 

height, 

ed 

1930 

Year 

Feet 

1913 

16 

1913 

10 

1912 

25 

1914 

18 

1914 

35 

1912 

20 

1914 

20 

Species 


Chinese  elm,  Ulmus  pumila 

White  willow,  Salix  alba 

Jack  pine,  Pinus  banksiana 

Bull  pine,  Pinus  scopulorum 

Black  Hills  spruce,  Picea  glauca  al- 

berliana 

Russian  golden  willow,  Salix  vitellina 

aurea 


Date 

Total 

plant- 

height, 

ed 

1930 

Year 

Feet 

1912 

35 

1912 

28 

1914 

20 

1914 

16 

1916 

12 

1914 

30 

Before  planting  trees  under  irrigation,  it  is  advisable  to  destroy 
weeds  and  native  vegetation.     This  may  be  done  by  growing  a  cul- 


• 
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Figure  6.— A  view  of  a  part  of  the  grounds  of  the  Belle  Fourche  station,  shortly  after  the  station  was  estab- 
lished and  before  the  windbreak  plantings  were  made.  (Photographed  in  December  1910.  Compare 
with  fig.  7.) 

tivated  crop,  but  summer-fallowing  the  season  prior  to  planting  is 
preferable.  To  insure  plenty  of  moisture  for  the  spring  planting,  the 
land  should  be  irrigated  the  previous  fall.  The  young  trees  should 
be  irrigated  immediately  after  planting. 

In  the  first  planting  the  plan  was  so  outlined  that  the  spacing  be- 
tween rows  was  8  feet  with  the  trees  spaced  4  feet  apart  in  the  row. 
This  spacing  is  too  close,  even  under  irrigation.  Rows  12  feet  apart 
with  trees  6  feet  apart  in  the  row  are  more  convenient  for  cultivation 
and  have  been  found  to  result  in  a  better  tree  growth. 

Trees  not  more  than  2  years  old  are  recommended,  as  they  cost  less 
and  are  much  more  easily  established  than  older  trees .     The  land  should 
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be  kept  free  from  weeds  by  frequent  cultivation  and  should  be  irri- 
gated frequently  during  the  summer.  A  late-fall  irrigation  is  desir- 
able, as  it  has  been  found  that  the  trees  will  withstand  the  low  winter 
temperatures  with  less  injury  than  will  be  the  case  if  the  soil  is  per- 
mitted to  become  too  d^.  During  the  first  4  or  5  years  after  planting, 
the  trees  should  be  kept  free  from  weeds  by  cultivation.  After  the 
trees  become  well  established,  a  mulch  of  straw  helps  to  keep  the 
weeds  down  and  aids  in  preventing  soil  erosion.  .  Mulching  is  particu- 
larly desirable  if  the  windbreak  is  located  on  sloping  land. 

From  observations  to  date,  Russian-olive,  honeylocust,  American 
elm,  Cottonwood,  Black  Hills  spruce,  bull  pine,  and  Siberian  pea-tree 
seem  to  be  well  adapted  for  windbreak  purposes  under  irrigation  in 
western  South  Dakota.  These  tests  further  indicate  that  Black  Hills 
spruce  and  bull  pine  should  be  more  extensively  utilized.  For  the 
first  few  years  the  evergreens  make  a  rather  slow  growth,  and  for  this 
reason  it  is  desirable  that  they  be  planted  between  rows  of  species 


Figure  7.— A  view  of  part  of  the  grounds  at  the  Belle  Fourche  station,  indicating  the  attractiveness  of  a 
lawn  and  the  effective  windbreak  in  the  background.     (Photographed  July  15,  1931.) 

that  grow  more  rapidly,  these  rows  to  be  removed  when  the  evergreens 
have  reached  sufficient  size.  For  windbreak  purposes,  evergreens  are 
much  more  effective  than  deciduous  trees.  The  white  and  golden 
willows  have  proved  satisfactory  and  grow  rapidly  when  planted 
where  the  soil  moisture  is  abundant,  as  is  the  case  adjacent  to  an 
irrigation  ditch.  The  Chinese  elm  makes  a  very  rapid  growth  and 
has  proved  to  be  relatively  free  from  disease,  but  has  not  been  found 
hardy  in  this  locality.  Some  years  injury  is  confined  to  tip-killing, 
but  during  more  severe  winters  it  may  be  killed  to  the  ground.  For 
this  reason  it  is  not  recommended  where  permanent  plantings  are 
desired. 

The  location  of  farm  buildings,  the  windbreak  plantings,  the  selec- 
tion and  arrangement  of  the  ornamental  plantings,  and  the  size  and 
location  of  the  lawn  are  all  worthy  of  consideration.     The  attractive- 
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ness  of  the  farmstead  is  a  source  of  continual  satisfaction  to  occupants, 
and  it  enhances  the  value  of  the  property  (figs.  6  and  7).  On  an  80- 
acre  farm,  the  size  of  the  farmstead  would  probably  have  to  be  limited 
to  5  or  6  acres,  but  on  a  larger  farm  this  may  be  increased  to  10  acres. 
The  most  important  consideration  is  the  location.  Whenever  possible 
the  farmstead  should  be  located  near  the  public  highway  and  at  the 
same  time  have  the  fields  readily  accessible. 

In  the  Belle  Fourche  area  the  prevailing  winter  winds  are  from  the 
north  and  west;  consequently,  the  main  windbreaks  should  be  located 
on  these  two  sides.  The  house  should  be  next  to  the  main  entrance, 
with  appropriate  lawn  and  ornamental  plantings,  and  should  be  sepa- 
rated from  the  barns  and  yards  by  screen  plantings.  The  barns  and 
yards  should  not  be  too  close  to  the  living  quarters.  A  minimum  dis- 
tance is  200  feet,  but  this  may  be  increased  advantageously  if  space 
permits.  Where  possible,  the  barns  and  yards  should  have  a  southern 
exposure.  The  arrangement  of  the  lawn  and  ornamental  plantings 
may  be  simple  and  yet  attractive.  The  plantings  should  be  in  groups, 
leaving  the  lawn  open,  which  permits  it  to  be  properly  cared  for  with 
minimum  effort  (fig.  7). 

The  ornamental  shrubs  chiefly  featured  in  the  station-grounds 
planting  program  are  as  follows: 

Boxelder _' Acer  negundo. 

Cranberry,  highbush Viburnum  sp. 

Dogwood Cornus  sp. 

Elder,  cutleaf  American Horticultural  variety  of  Sambucus  cana- 
densis. 

Elder,  golden  American Do. 

Honeysuckle,  Tatarian Lonicera  tatarica. 

Lilac,  common  white Horticultural  variety  of  Syringa  vulgaris. 

Mockorange Philadelphus  sp. 

Snowball,  common Horticultural  variety  of  Viburnum  opulus. 

Spirea,  Vanhoutte A  hybrid  Spiraea. 

Yellowberry  currant Horticultural  variety  of  Ribes  aureum. 

FARM    ORCHARDS 

The  commercial  production  of  the  larger  fruits,  such  as  apples,  is 
not  a  promising  farm  enterprise  on  the  Belle  Fourche  project,  partic- 
ularly on  the  heavier  soils.  However,  the  advantages  of  the  home 
orchard,  both  under  dry-land  and  irrigated  conditions,  for  supplying 
fruit  for  home  consumption  should  not  be  ignored. 

Under  dry-land  conditions  in  1913  the  following  varieties  of  apples 
were  planted:  Wealthy,  Oldenburg  (Duchess  of  Oldenburg),  Jewell 
(Jewell  Winter),  Hibernal,  and  Malinda.  The  crab  apples  included 
consisted  of  the  following:  Florence,  Virginia,  Transcendent,  and 
Minnesota.  The  trees  were  spaced  33  by  33  feet  apart  and  have  been 
given  continuous  clean  cultivation.  These  trees  began  to  bear  in 
1920,  and  have  produced  some  fruit  every  year  except  when  unusually 
late  spring  frosts  have  occurred.  The  trees  have  been  maintained  in 
a  healthy  growing  condition  in  spite  of  the  fact  that  they  have  been 
dependent  solely  upon  rainfall. 

In  1916  the  following  varieties  of  apples  were  planted  in  the  irrigated 
orchard:  Wealthy,  Hibernal,  Longfield,  Patten,  Yellow  Transparent, 
Jewell,  Oldenburg,  and  Ben  Davis.  At  the  same  tune  there  were 
included  crab  apples  as  follows:  Virginia,  Minnesota,  Florence, 
Whitney,   and  Transcendent.     Stock   1   year  old  was  used  and  is 
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recommended.  All  varieties  except  the  Ben  Davis,  which  was  winter- 
killed the  first  winter,  have  been  maintained  in  a  satisfactory  growing 
condition. 

The  trees  were  planted  20  by  24  feet,  but  this  has  been  found  to  be 
too  close,  and  a  spacing  of  from  35  to  40  feet  is  recommended,  par- 
ticularly on  the  lighter  soils.  For  the  first  6  years  the  orchard  was 
given  clean  cultivation,  but  this  proved  to  be  unduly  expensive. 
In  1922  the  orchard  was  seeded  to  red  clover  with  the  exception  of  a 
space  about  10  feet  around  each  tree,  which  was  kept  fallow,  and  later 
mulched  with  straw  manure.  Red  clover  has  proved  to  be  an  excel- 
lent cover  crop,  and  some  returns  have  been  realized  from  the  crop, 
particularly  when  the  trees  were  small.     Every  other  year  the  second- 


Figure  8.— Irrigated  orchard  at  the  Belle  Fourche  station,  showing  a  cover  crop  of  red  clover.    Trees 
planted  in  1916.     (Photographed  Aug.  15,  1931.) 

cutting  clover  has  been  allowed  to  go  to  seed.  This  method  has 
maintained  a  good  stand  of  clover  since  it  was  first  planted  in  1922 
(fig.  8). 

From  1916  to  1920  seven  varieties  of  plums  were  included  in  the 
orchard  plantings,  both  under  dry-land  and  irrigated  conditions. 
Those  planted  included  the  Wolf,  Wyant,  Desoto,  Compass,  Sapa, 
Waneto,  and  Hanska.  The  planting,  which  was  not  irrigated,  sur- 
vived only  about  10  years.  Those  grown  in  conjunction  with  the 
irrigated  orchard  have  survived  and  have  proved  to  be  fairly  satis- 
factory as  a  fruit  crop. 

No  special  precautions  or  treatments  are  required  for  the  proper 
maintenance  and  care  of  the  home  orchard  other  than  those  stated. 
The  usual  spraying  for  insect  control  is  desirable.  To  obtain  the 
best  results,  the  trees  should  be  pruned  annually.  It  is  desirable  to 
head  the  trees  low,  in  order  to  avoid  injury  from  severe  windstorms, 
which  occur  frequently. 
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HOME    GARDENS 

A  substantial  reduction  may  be  made  in  the  total  costs  in  farm 
enterprises  by  having  a  well-planned  garden  (fig.  9).  The  necessary 
cash  outlay  is  small,  quite  out  of  proportion  to  the  saving  that  results, 
and  there  is  the  satisfaction  of  having  fresh  vegetables  at  hand  during 
the  summer  months  and  a  supply  stored  in  the  cellar  to  draw  upon 
during  the  winter. 

Good  soils  should  be  selected,  having  a  slight  slope  to  facilitate 
irrigation;  and  it  is  desirable  to  have  the  tract  protected  by  a  wind- 
break. The  land  should  be  heavily  fertilized  with  well-rotted  barn- 
yard manure  disked  in,  followed  by  fall-plowing.^  As  soon  as  the 
ground  can  be  worked  in  the  spring  it  should  be  disked,  leveled,  and 


Figure  9.— Vegetable  garden  at  the  Belle  Fourche  station.    (Photographed  Aug.  15,  1931.) 

harrowed  until  a  good  seed  bed  is  obtained.  The  size  of  the  farm 
garden  may  range  from  one-half  to  1%  acres,  depending  upon  the 
size  of  the  family.  Since  cucumbers  may  be  regarded  as  a  cash  crop, 
one-quarter  to  1  acre  of  this  crop  often  may  be  advantageously  utilized 
as  a  supplementary  cash  income  for  the  family  during  the  summer 
months. 

It  is  advisable  to  have  the  tract  arranged  and  the  rows  so  spaced 
that  hand  labor  is  reduced  to  the  minimum.  To  keep  the  crop  in 
good  growing  condition,  continuous  and  clean  cultivation  should  be 
practiced.  Light  furrow  irrigation  at  frequent  intervals  is  advisable. 
Early-ripening  varieties  adapted  to  the  locality  should  be  used,  and 
in  many  instances  the  harvest  season  may  be  prolonged  by  successive 
plantings.  The  hardier  varieties  should  be  planted  as  soon  as  the 
ground  can  be  worked. 
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A  wide  range  of  vegetables  adapted  to  the  northern  latitudes  do  well 
on  the  project.  The  following  varieties  are  among  those  which  have 
given  satisfactory  results: 

Cabbage:  Early  Jersey  Wakefield,  Copenhagen  Market,  Premium  Flat  Dutch. 

Cauliflower:   Dwarf  Erfurt  and  Early  Snowball. 

Beets:   Crosby  Egyptian  Early,  Detroit  Dark  Red,  and  Blood  Turnip. 

Radish:  French  Breakfast,  Icicle,  and  Scarlet  Globe. 

Lettuce:   Prize-head  and  Grand  Rapids. 

Onions:   Yellow  Globe  DanverSj  Red  Globe,  and  White  Globe. 

Parsnips:  Hollow  Crown. 

Carrots:  Oxheart,  Danvers  Half  Long,  and  Chantenay. 

Peas:   Alaska,  Thomas  Laxton,  and  Stratagem. 

Beans:   Great  Northern,  Giant  Stringless,  Red  Valentine,  Kidney  Wax,  and 

Black  Valentine. 
Tomatoes:  Earliana,  John  Baer,  Bonny  Best,  Bison,  and  Yellow  Pear. 
Turnips:   Purpletop  and  Early  Snowball. 
Rutabaga:   Purple  Top. 

Cucumbers:   White  Spine,  Improved  Long  Green,  and  Tom  Watson. 
Muskmelon:   Emerald  Gem,  Osage,  and  Rocky-Ford. 
Squash:   Table  Queen,  Crook  Neck,  Green,  and  Golden  Hubbard. 
Pumpkin:   Small  Sugar. 
Celery:   Golden  Self- Blanching. 
Eggplant:   Black  Beauty. 
Sweet  corn:   Golden  Bantam  and  Evergreen. 
Potatoes:   Bliss  Triumph,  Irish  Cobbler,  and  Early  Ohio. 
Rhubarb:  Victoria. 
Asparagus:   Washington. 
Small  fruits: 

Strawberries:   Dunlap  and  Champion  Everbearing. 

Currants:  Perfection  and  White  Grape. 

Gooseberries:   Carrie,  Smith,  and  Downing. 

FEEDING    EXPERIMENTS    WITH    HOGS2 

The  crop-utilization  experiments  with  hogs  for  the  past  5  years 
include  pasturing  tests  on  alfalfa  and  methods  of  production  for  fat 
market  hogs.  For  this  purpose  purebred  Duroc- Jersey  gilts  were 
used.  After  the  pigs  were  weaned  the  dams  were  put  on  self-feeders 
and  fattened  for  market.  Each  spring  and  fall  a  new  set  of  gilts 
was  selected  for  breeding  purposes  from  the  self-fed  lots,  from  which 
the  next  crop  of  pigs  was  raised.  During  the  winter  gestation 
period  the  gilts  were  fed  ground  grain  at  the  rate  of  5  to  6  pounds, 
together  with  6  pounds  of  half -sugar  mangels  per  head  and  alfalfa  in 
self -fed  racks.  During  the  summer  the  gilts  were  fed  5  to  6  pounds 
of  ground  feed  and  had  access  to  alfalfa  pasture.  When  the  pigs 
were  about  3  weeks  old  the  dams  and  their  litters  were  self-fed 
ground  feed.  In  the  spring  they  were  turned  into  good  alfalfa 
pasture  and  in  the  fall  had  access  to  third-cutting  alfalfa  in  racks. 
In  1926  and  1927  the  ground  feed  consisted  of  2  parts  by  weight  of 
ground  barley  and  1  part  by  weight  of  ground  oats.  In  1928  the 
feed  was  ground  barley  for  the  spring  pigs  and  ground  wheat  2  parts 
by  weight  and  1  part  ground  barley  for  the  fall  pigs;  in  1929,  ground 
barley  1  part  by  weight  and  ground  wheat  2  parts.  In  1930  the 
feed  used  was  ground  wheat  and  ground  barley,  equal  parts  by  weight. 
Table  27  shows  the  feed  requirements  for  spring  pigs  during  the 
gestation  and  suckling  periods,  1926-30. 

2  The  crop-utilization  investigations  with  hogs,  sheep,  and  lambs  are  conducted  in  cooperation  with 
the  Bureau  of  Animal  Industry  of  this  Department  and  the  South  Dakota  Agricultural  Experiment 
Station. 
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Table  27. — Feed  requirements  of  spring  pigs  during  the  gestation  and  suckling 

periods,  1926-30 


Weight  of  feed  per  pig 

Weight  of  feed  per  100  pounds 
of  gain 

Average  of 
weaned  pigs 

Year 

Grain 

Tank- 
age 

Half- 
sugar 
mangels 

Alfalfa 

Grain 

Tank- 
age 

Half- 
sugar 
mangels 

Alfalfa 

Per  sow 

Weight 

1926          

Pounds 
184 
255 
165 
232 
286 

Pounds 

32~ 
2 
--- 

Pounds 
115 
209 
111 
59 
160 

Pounds 
55 

28" 
37 
32 

Pounds 
548 
628 
338 
492 
640 

Pounds 

79" 
5 

29" 

Pounds 
342 
515 
256 
126 
358 

Pounds 
164 

66" 
78 
73 

Number 
6.1 
5.8 
11.0 
7.0 
6.2 

Pounds 
34 

1927      

41 

1928     

43 

1929 

47 

1930 

45 

Average 

224 

16 

131 

38 

529 

38 

319 

95 

7.2 

42 

The  average  grain  requirement  per  weaned  pig  may  seem  somewhat 
high,  but  this  is  due  in  part  to  the  fact  that  all  grain  consumed  by 
the  sows  and  boar  during  the  gestation  and  suckling  period  has  been 
charged  to  the  pigs,  without  allowing  for  the  gains  made  by  the 
mature  animals.  This  average  gain,  per  sow,  for  the  5-year  period 
was  69  pounds  for  the  fall  pigs  and  65  pounds  for  the  spring  pigs. 

Table  28  shows  the  feed  requirements  for  the  fall  pigs  during  the 
gestation  and  suckling  period,  1925-30. 


Table  28. 


-Feed  requirements  of  jail  pigs  during  the  gestation  and  suckling  periods, 
1925-30 


Weight  of  feed  per  pig 

Weight  of  feed  per  100  pounds 
of  gain 

Average  of 
weaned  pigs 

Year 

Grain 

Tank- 
age 

Half- 
sugar 
mangels 

Alfalfa 
pasture 

Grain 

Tank- 
age 

Half- 
sugar 
mangels 

Alfalfa 
pasture 

Per  sow 

Weight 

1925        

Pounds 
191 
217 
186 
185 
237 
261 

Pounds 
9" 

Pounds 
53 
128 
54 
70 
15 
47 

Days 
106 
136 
118 
123 
109 
115 

Pounds 
572 
628 
646 
518 
584 
792 

Pounds 
22" 

Pounds 
158 
371 
188 
197 
36 
143 

Days 
106 
136 
118 
123 
109 
115 

Number 
6.5 
7.2 
6.8 
11.5 
7.4 
6.8 

Pounds 
33 

1926  .- 

35 

1927--- 

29 

1928 

36 

1929 

41 

1930 

33 

Average 

213 

61 

118 

623 

182 

118 

7.7 

34 

The  feed  requirement  per  weaned  pig  is  practically  the  same  as  in 
table  27.  The  difference  in  feed  requirement  per  100  pounds  is  due 
in  part  to  the  8-pound  difference  in  weight  at  the  time  of  weaning. 
The  spring  pigs  were  farrowed  from  March  20  and  through  April,  and 
the  fall  pigs  from  September  15  to  October  15.  Both  spring  and  fall 
pigs  were  weaned  when  about  10  weeks  old. 

FEEDING    EXPERIMENTS   WITH   FALL   PIGS 

The  feed  requirements  of  fall  pigs  from  the  time  of  weaning  until 
they  reached  marketable  weight  are  given  in  table  29. 

After  weaning,  the  fall  pigs  were  divided  into  two  lots  in  this 
feeding  test.  Each  year  the  pigs  in  lot  1  have  been  fed  a  limited 
ration  and  in  lot  2  have  been  self-fed.     The  limited-ration  group  was 
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fed  IK  pounds  of  shelled  corn  from  the  time  they  were  weaned  until 
turned  on  alfalfa  pasture  about  May  20,  after  which  they  were  fed  a 
2-percent  ration  of  shelled  corn;  that  is,  2  pounds  per  100  pounds  of 
live  weight.  This  2-percent  ration  was  fed  until  about  July  10,  after 
which  they  were  self-fed  corn  on  good  alfalfa  pasture  until  they  were 
fat  and  had  reached  a  marketable  weight.  The  pigs  in  lot  2  were 
self -fed  with  corn  from  the  time  of  weaning  until  ready  for  the  market. 
Both  lots  were  fed  third-cutting  alfalfa  in  racks  during  the  winter 
months. 

Table  29. — Feed  requirements  of  fall  pigs  during  the  wintering  period  1925-29 


Average  per  pig 

Year 

Weight     • 

Gain 

Initial 

Final 

Total 

Daily 

Lot  1 

Lot  2 

Lotl 

Lot  2 

Lotl 

Lot  2 

Lot  1 

Lot  2 

1925 

Pounds 
•    33 
35 
18 
36 
38 

Pounds 
33 
35 
33 
36 
42 

Pounds 
216 
200 
240 
234 
212 

Pounds 
212 
205 
221 
241 
206 

Pounds 
183 
165 
222 
198 
174 

Pounds 
179 
170 
188 
205 
164 

Pounds 

0.71 

.67 

.88 
.88 
.64 

Pounds 
0.96 

1926 

1.09 

1927 

1.05 

1928... 

1.15 

1929— 

.97 

Average 

32 

36 

220 

217 

188 

181 

.76 

1.04 

Grain  requirements  per  100  pounds  of  gain 

Year 

Winter  period. 

Gestation,  suckling,  and  winter 
periods  l 

Lot  1 

Lot  2 

Lot  1 

Lot  2 

Corn 

Alfalfa 

Corn 

Alfalfa 

Grain 

Alfalfa 

Grain 

Alfalfa 

1925 

Pounds 
340 
338 
327 
300 
396 

Pounds 
189 
294 
79 
170 
162 

Pounds 
473 
319 
372 
357 
471 

Pounds 
146 
216 
98 
195 
123 

Pounds 
376 
387 
380 
333 
437 

Pounds 
163 
243 
77 
144 
133 

Pounds 
490 
370 
400 
380 
490 

Pounds 
127 

1926. 

179 

1927 

91 

1928 

166 

1929 

98 

Average     

340 

179 

398 

156 

383 

152 

426 

132 

i  The  figure  for  grain  requirement  per  100  pounds  of  gain  for  the  gestation,  suckling,  and  winter  periods 
combined  is  derived  as  follows: 
Let  a=the  grain  requirement  per  pig  for  the  gestation  and  suckling  period  (table  28). 
Let  6= the  grain  requirement  per  pound  of  gain  during  the  pasture  period  (table  29). 
Let  c=the  total  gain  per  pig  during  the  winter  period  (table  29). 
Let  d=the  final  weight  per  pig  at  the  end  of  the  winter  period  (table  29). 

Whence         .       =  grain  requirement  for  the  whole  period. 

The  5-year  average  feed  requirement,  as  shown  in  table  29,  for  the 
limited  ration  fall  pigs  is  340  pounds  shelled  corn,  179  pounds  alfalfa 
hay,  and  75  days  alfalfa  pasture.  The  average  number  of  days 
required  from  time  of  weaning  to  marketable  weight  has  been  248. 
During  the  5-year  period  the  average  selling  price  was  $9.25  per  100 
pounds  at  Newell.  The  total  average  feed  requirement  for  the  lots 
self -fed  is  398  pounds  of  shelled  corn  and  156  pounds  of  alfalfa  hay. 
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The  feeding  period  from  weaning  to  marketable  weight  has  been  170 
days.  The  average  selling  price  for  the  lots  self -fed  for  5  years, 
1925-29,  inclusive,  was  $9.65  per  100  pounds  live  weight. 


Figure  10.— A,  Self-fed  fall  pigs  on  shelled  corn  and  GO-percent  tankage  and  alfalfa  hay.  Average  weight 
on  December  1,  1930,  was  32.6  pounds;  April  23,  1931,  221.2  pounds.  B,  Limited-ration  fall  pigs  fed  \\i 
pounds  of  shelled  corn  each  per  day  and  alfalfa  hay.  Initial  average  weight  on  December  1,  1930.  was 
21.3  pounds.    Average  weight  April  23,  1931,  was  77.6  pounds. 

Comparing  the  two  methods  of  finishing  hogs  for  market,  the 
limited-ration  method  of  feeding  required  58  pounds  less  corn,  23 
pounds  more  alfalfa,  and  approximately  50  more  pasturing  days  per 
100  pounds  of  gain,  and  78  days  longer  feeding  period  than  the  self- 
fed  lots  (fig.  10,  A).     The  average  selling  price  for  the  self -fed  lots 
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for  the  5-year  period  was  40  cents  per  100  pounds  higher  than  for 
the  limited-ration  lots  (fig.  10,  B).  The  78-day  longer  feeding  period, 
50  days  alfalfa  pasture,  and  40  cents  per  hundredweight  lower  selling 
price  more  than  offset  the  58  pounds  of  shelled  corn  required  to  make 
100  pounds  of  gam. 

FERTILIZING    EXPERIMENTS    WITH    SUGAR    BEETS  » 

Within  the  past  few  years  there  has  been  an  increasing  interest  in 
the  possibilities  of  stimulating  the  yields  of  sugar  beets  by  the  use  of 
commercial  fertilizers.  The  beneficial  effects  on  the  yields  of  beets 
resulting  from  the  applications  of  stable  manure  and  the  inclusion  of 
leguminous  crops  in  a  rotation  have  been  well  recognized.     However, 

N 

1929  ---  13.93 

,„™     20-0-0 

1930  —  15.91 

Mean 14.92 


/  \ 


1929  -—16.31  13.93 

16-4-0  16-0-4 

1930  —  18.76  16.15 

Mean ,17.04  15.04' 


-  17.04  15.04\ 

/      \    /     \ 


1929 15.12      16.58      13.93 

12-8-0     12-4-4     12-0-3 

1930  18.52  18.29  17.34 

.  Mean 16.82  \  17.44V  15.64\ 

/  \      /  \      /  \ 

1929 12.60  14.11  14.98  14.60 

8-12-0  8-8-4  8-4-8     8-0-12 

1930 17.10  17.34  18.29  15.91 

Mean- --,14.85.  ,15.73v  ,16.64  15.26\ 

/\/\/\/\ 

1929  --  13.32  13.68  14.11  12.71  16.21 

4-16-0  4-12-4  4-8-8  4-4-12  4-0-16 

1930 --  16.62  14.96  15.44  17.57  15.91 

Mean --,14.97.  14.32  ,14.78  ,15.11  ,16.06 

/     \   /      \   /      \   /     \/\ 

1929 --15.56  13.50  13:50  13.91  12.10  16.12 

F|05  0-20-0 0-16-4 0-12-8 0-8-12 0-4-16 0-0-20  K20 

1930  --  15.44  15.20  17.81  16.62  17.10  15.91 

Mean--  15.10  14.35  15.66  15.27  14.60  16.02 

Figure  11.— Commercial  fertilizer  mixtures  applied  and  resulting  sugar-beet  yields  (tons  per  acre)  at  the 
Belle  Fourche  station,  1929-30.     Figures  following  the  years  represent  yields. 

stable  manure  is  not  always  advisable;  and  if  a  legume  is  used  to 
improve  the  productivity  of  the  soil,  one  or  more  years  must  elapse 
before  the  land  can  again  be  used  for  more  intensive  cash  crops  such 
as  sugar  beets.  This  condition,  together  with  the  somewhat  success- 
ful use  of  commercial  fertilizer  on  sugar  beets  in  certain  other  irrigated 
sections,  led  to  the  introduction  of  fertilizer  investigations  at  the 
station  in  order  to  ascertain  to  what  extent  the  yields  of  sugar  beets 
would  be  influenced  by  the  application  of  different  formulas. 

For  the  years  1929  and  1930  the  complete  Schreiner  triangle,  con- 
sisting of  21  different  fertilizer  applications,  was  used.  The  basis  of 
interpretation  of  this  type  of  experiment  is  an  equilateral  triangle  in 
which  the  apex  points  represent  the  single  elements  with  nitrogen  (N) 

3  Prepared  by  L.  A.  Hurst,  biochemist,  Division  of  Soil  Fertility,  Soil  Investigations,  Bureau  of  Chem- 
istry and  Soils. 
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at  the  top,  phosphoric  acid  (P205)  at  the  left,  and  potash  (K20)  at 
the  right.  Each  side  of  the  triangle  is  divided  into  five  points, 
representing  mixtures  of  two  elements,  and  where  the  connecting 
lines  intersect  each  other  in  the  interior  of  the  triangle  complete 
mixtures  of  varying  ratios  are  represented. 

The  results  of  the  fertilizer-ratio  studies  of  1929  and  1930  are 
shown  by  the  triangle  diagram  designated  as  figure  11,  with  the 
fertilizer  mixture  and  the  yield  of  beets  per  acre.  The  figure  imme- 
diately above  each  mixture  represents  the  1929  beet  yields  in  tons 
per  acre,  while  that  below  indicates  the  results  obtained  in  1930. 
The  average  yield  in  1929  of  10  untreated  check  plots  was  12.22  tons 
per  acre;  in  1930,  15.06  tons. 

It  will  be  noted  that  proceeding  from  the  top  to  the  bottom  each 
line  represents  mixtures  with  4  percent  less  nitrogen,  with  a  corre- 
sponding increase  in  either  phosphoric  acid  or  potash  or  both.  The 
same  is  true  beginning  with  phosphoric  acid  at  the  lower  left-hand 
corner  or  potash  at  the  lower  right-hand  corner. 

The  foregoing  results  indicate  that  practically  all  fertilizer  mixtures 
produced  some  increase  over  the  unfertilized  check  plots  and  that 
mixtures  carrying  12  to  16  percent  of  nitrogen  produced  the  highest 
yields.  The  land  on  which  these  experiments  were  conducted  was 
broken  from  native  sod  in  1911  and  cropped  to  small  grains,  including 
corn,  without  the  application  of  barnyard  manure  or  seeding  to 
alfalfa.  Perhaps  the  apparent  response  to  nitrogen  is  due  to  this 
practice,  since  no  nitrogen  was  added  prior  to  planting  to  beets. 

The  1931  experiment  had  to  be  abandoned,  owing  to  adverse 
weather  conditions.  The  1932  experiment  contained  only  six  mix- 
tures, as  follows:  0-20-0, 4-16-0,  8-4-8, 12-8-0,4-12-4,  and  a  2-16-2 
mixture.  The  experiment  was  replicated  four  times.  The  following 
yields  were  obtained: 

Tons  per  acre 

Unfertilized  check 12.  29 

0-20-0 13.  17 

8-4-8 12.74 

12-8-0 13.21 

2-16-2 13.32 

4-16-0 12.97 

4-12-4 13.28 

The  result  for  1932  indicates  that  the  yields  of  sugar  beets  may 
have  been  stimulated  slightly  but  not  appreciably  as  a  result  of 
applications  of  commercial  fertilizers. 

EXPERIMENTS  WITH  CROPS  ON  DRY  LAND* 

The  experimental  work  on  dry  land  at  the  Belle  Fourche  Field 
Station  consists  chiefly  of  crop-rotation  and  tillage-method  investiga- 
tions in  which  the  common  field  crops  are  grown  in  various  sequences 
or  combinations  on  a  number  of  different  cultural  treatments.  With 
the  exception  of  a  few  rotations  started  in  1922  and  1930,  these 
experiments  have  been  continuous  since  1908,  and  an  unbroken  record 
of  results  for  24  years,  exclusive  of  the  first  year  when  all  crops  were 
on  uniformly  prepared  land,  is  available. 

4  The  experiments  on  dry  land  are  conducted  by  the  Division  of  Dry  Land  Agriculture,  Bureau  of  Plant 
Industry,  in  cooperation  with  the  Division  of  Western  Irrigation  Agriculture,  Bureau  of  Plant  Industry, 
United  States  Department  of  Agriculture.  The  Division  of  Genetics  and  Biophysics,  Bureau  of  Plant 
Industry,  cooperated  in  obtaining  soil-moisture  and  climatic  data. 
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The  data  obtained  afford  reliable  information  concerning  the 
adaptation  of  the  common  field  crops  to  the  nonirrigated  lands  of  the 
section,  the  value  of  the  various  cultural  treatments,  and  the  effects 
of  the  various  crops  upon  following  crops.  The  results  also  point 
out  the  fundamental  features  of  farming  systems  most  apt  to  be 
stable  and  successful  on  the  dry  lands. 

INFLUENCE  OF  CLIMATIC  CONDITIONS 

Production  of  crops  on  dry  land  is  dependent  to  a  large  extent  upon 
climatic  conditions.  Temperature,  wind  velocity,  humidity,  and 
evaporation  all  have  considerable  influence  upon  crop  growth,  but 
precipitation  is  the  most  important  and  chief  limiting  factor.  An 
equitable  distribution  as  well  as  an  adequate  amount  of  precipitation 
during  the  growing  season  is  essential  to  the  unretarded  development 
of  crops,  but  there  are  very  few  seasons  in  which  conditions  are  ideal. 
Periods  of  drought  occur  even  in  most  of  the  wettest  years,  and  crop 
yields  frequently  do  not  correspond  to  the  total  annual  or  seasonal 
precipitation.  Unfavorable  distribution  may  cause  crop  production 
to  be  relatively  low  in  a  year  of  high  total  precipitation,  and  good 
distribution  of  rainfall  in  a  moderately  dry  year  may  result  in  fairly 
large  yields  of  crops.  As  a  rule,  however,  crop  yields  are  above  aver- 
age in  years  of  high  precipitation  and  below  average  in  the  drier  years. 
The  total  annual  or  seasonal  precipitation,  therefore,  serves  as  a 
rough  index  of  the  favorableness  of  the  season. 

The  total  precipitation  for  each  calendar  year  and  each  growing 
season,  April  to  September,  inclusive,  from  1909  to  1932  is  given  in 
table  30.  The  first  half  of  the  24-year  period  in  which  the  experiments 
were  conducted  was  somewhat  drier  than  the  second  half  of  the  period. 
The  average  seasonal  and  annual  precipitation  from  1909  to  1920  was 
1.64  inches  and  1.90  inches  less,  respectively,  than  from  1921  to  1932. 
Both  precipitation  and  crop  yields  were  below  normal  in  7  years  of 
the  earlier  period.  The  seasonal  precipitation  was  above  normal  in 
the  other  5  years,  but  its  distribution  during  2  of  them  was  so  un- 
favorable that  the  yields  of  most  crops  were  below  the  average. 
There  were  only  5  years  from  1921  to  1932  in  which  the  seasonal  pre- 
cipitation was  below  normal,  and  in  3  of  these  years  the  distribution 
of  the  precipitation  was  sufficiently  favorable  for  the  majority  of  the 
crops  to  produce  average  yields  or  better.  The  precipitation  for  the 
other  7  years  of  this  period  was  above  normal,  and  in  none  of  them  was 
the  distribution  extremely  adverse  to  crop  growth,  although  summer 
droughts  in  2  of  the  years,  1927  and  1932,  materially  reduced  crop 
yields. 

The  better  moisture  conditions  of  comparatively  recent  years  have 
had  a  pronounced  effect  upon  crop  returns,  as  shown  by  the  average 
yields  for  the  two  12-year  periods  given  in  table  30.  The  average 
production  of  potatoes,  flax,  corn,  and  all  small  grains  from  1921  to 
1932  was  from  25  to  63  percent  greater  than  from  1909  to  1920. 
Conditions  during  the  earlier  period  were  more  erratic  than  from  1921 
to  1932.  Returns  from  crops  were  relatively  high  in  1909  and  1920, 
and  extremely  high  yields  were  produced  in  1915.  All  crops  were  an 
absolute  failure  in  1911  and  essentially  total  failures  in  1910  and  1919. 
In  1912  small  grains  were  again  a  failure,  but  good  yields  of  corn, 
sorgo,  and  potatoes  were  obtained.  Since  1921  there  has  been  only 
1  year,  1931,  which  may  be  termed  a  failure,  but  the  yields  of  1921 
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were  quite  low.  During  the  9-year  period,,  1922-30,  good  yields  of 
practically  all  crops  were  produced  every  year.  Although  there  has 
been  only  1  year  of  crop  failure  since  1919,  it  is  evident  that  dry, 
unproductive  seasons  may  occur  at  any  time,  and  the  results  of  the 
past  24  years  show  that  any  permanent  farming  system  must  be 
based  upon  the  probable  occurrence  of  a  series  of  dry  years  with  the 
possibility  of  the  production  of  grain  being  a  complete  failure  for  2 
or  more  consecutive  years. 

ADAPTATION  OF  CROPS 

The  average  yields  of  the  12  different  crops  grown  in  the  dry-land 
rotations  are  given  in  table  30.  The  yields  of  the  various  crops  are 
not  strictly  comparable,  owing  to  variations  in  crop  sequence  and 


Figure  12.— Dry-land  spring  wheat  on  land  summer-fallowed  the  previous  year.    (Photographed  July 

27,  1932.) 

cultural  methods,  but  the  treatments  are  sufficiently  similar  to  afford 
a  reliable  indication  of  the  adaptability  of  the  different  crops.  Flax, 
barley,  and  winter  wheat  are  shown  to  some  disadvantage,  because 
they  are  grown  under  a  greater  proportion  of  poor  methods  than 
other  crops. 

There  are  no  extremely  wide  variations  between  the  24-year 
average  yields  of  the  cereal  crops  grown  in  the  experiments.  Barley 
has  produced  the  most  pounds  of  grain  per  acre  and  may  be  con- 
sidered the  best  small-grain  feed  crop,  but  so  far  as  yield  is  concerned 
there  is  not  a  great  deal  of  difference  between  oats  and  barley.  Winter 
wheat  has  proved  to  be  about  as  well  adapted  to  this  locality  as  spring 
wheat,  the  average  yield  of  winter  wheat  being  only  1.3  bushels  per 
acre  less  than  that  of  spring  wheat.  Winter  wheat  has  never  been 
totally  winter-killed  except  in  1932  when  the  crop  was  destroyed  on 
most  of  the  plots,  but  winter  wheat  frequently  is  so  seriously  injured 
by  soil  blowing  and  dry  weather  that  recovery  and  resumption  of 
growth  in  the  spring  are  very  slow.  Good  yields  of  winter  wheat 
have  been  obtained  in  a  number  of  years,  such  as  1913,  1914,  and 
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1918,  when  the  yields  of  spring  wheat  were  unusually  low.  The  sub- 
stitution of  winter  wheat  for  a  portion  of  the  spring  wheat  would 
assure  greater  stability  in  crop  returns  in  the  limited  area  of  western 
South  Dakota  adapted  to  winter  wheat.  Under  normal  market 
conditions  spring  wheat  (fig.  12)  and  winter  wheat  are  the  best  dry- 
land cash  crops. 

The  average  yield  of  winter  rye  from  1923  to  1932,  inclusive,  was 
0.8  bushel  per  acre  less  than  that  of  winter  wheat.  Winter  rye  is  the 
more  winter  hardy  of  the  two  crops  and  survives  the  winter  with 
very  little  injury,  but  it  has  seldom  yielded  materially  more  than 
winter  wheat,  and  there  is  no  advantage  derived  from  growing  winter 
rye  for  grain,  except  in  the  areas  where  winter  wheat4cannot  be  grown 
successfully. 

Flax  has  been  grown  on  bromegrass  sod  since  1909.  Extremely 
low  yields  were  produced  in  5  years,  and  the  crop  was  a  total  failure 
in  8  years.  Flax  has  proved  to  be  unadapted  to  the  dry  lands  when 
grown  on  newly  broken  bromegrass  sod.  The  results  obtained  on 
other  cultural  treatments  started  in  1930  are  too  meager  to  present 
for  discussion. 

Corn,  sorgo,  and  potatoes  have  been  the  cultivated  crops  included 
in  the  rotations.  Corn  fits  into  the  dryland  farming  system  better 
than  any  other  crop.  The  average  yield  of  grain  is  somewhat  less 
than  that  of  oats  and  barley,  but  the  value  of  corn  stover  tends  to 
minimize  the  difference  in  the  yields  of  grain.  The  grain  production 
from  corn  has  not  been  so  reliable  as  from  small  grain,  but  good 
yields  of  ear  corn  were  obtained  in  some  of  the  years,  such  as  1912, 
1916,  1917,  and  1918,  when  low  returns  were  produced  by  small  grain. 
The  growing  of  corn  in  connection  with  small  grain  assures  more 
consistent  crop  returns.  There  has  been  only  1  year,  1911,  in  which 
no  corn  stover  was  produced,  but  the  yields  of  stover  in  1919  and 
1931  were  so  light  that  they  may  be  classed  as  failures.  Sorgo  has 
proved  to  be  one  of  the  most  dependable  crops.  It  was  a  total  failure 
in  2  years,  1911  and  1919,  but  good  yields  were  obtained  in  all  other 
years  except  1931.  The  average  yield  of  sorgo  for  the  24-year  period 
was  4,539  pounds  of  field-cured  fodder  per  acre,  as  compared  with 
1,904  pounds  per  acre  for  corn  stover.  Where  roughage  for  livestock 
is  required  a  portion  of  the  acreage  reserved  for  corn  may  be  profitably 
planted  to  sorgo.  The  yields  of  potatoes  have  hardly  been  large 
enough  in  most  seasons  to  justify  their  growth  for  market.  Potatoes 
may  have  a  place  in  the  cropping  system  if  grown  for  seed,  partic- 
ularly as  the  yield  of  small  grain  after  potatoes  is  nearly  as  great  as 
after  summer-fallow.  All  intertilled  crops  have  a  beneficial  effect 
upon  the  following  crop  of  small  grain,  providing  the  intertilled  crops 
have  been  kept  clean.  Cultivated  crops  fill  an  important  place  in  the 
cropping  system  as  a  means  of  controlling  weeds. 

Alfalfa,  sweetclover,  red  clover,  and  bromegrass  have  been  the  hay 
crops  grown  in  the  rotation  experiments.  Alfalfa  and  sweetclover 
have  proved  to  be  the  best  adapted  to  dry-land  conditions.  The 
24-year  average  yield  of  alfalfa  was  1,942  pounds  of  hay  per  acre. 
Some  winter-killing  of  alfalfa  occasionally  takes  place,  but  rarely  has 
the  damage  in  this  respect  been  very  extensive,  and  alfalfa  meadows 
should  be  permitted  to  remain  in  alfalfa  as  long  as  good  yields  are 
produced.  During  the  9  years  in  which  sweetclover  has  been  grown 
it  has  outyielded  alfalfa  by  a  margin  of  715  pounds  of  hay  per  acre. 
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but  the  sweetclover  hay  has  been  much  coarser  than  alfalfa  hay.  In 
most  of  the  years  of  relatively  low  production  for  alfalfa,  such  as 
1925,  1928,  and  1930,  good  yields  of  sweetclover  were  obtained. 
Thus  the  growing  of  sweetclover  in  conjunction  with  alfalfa  assures 
a  more  dependable  yield  of  hay.  When  seeded  without  a  nurse  crop, 
an  average  yield  of  1,488  pounds  of  sweetclover  hay  per  acre  has  been 
produced  the  first  season,  and  there  have  been  only  2  years  out  of  10 
in  which  no  hay  was  harvested  the  first  season.  Red  clover  has  not 
been  productive  and  dependable  enough  on  dry  land  to  justify  its 
growth.  Bromegrass  has  produced  more  hay  than  alfalfa  in  many 
of  the  drier  years,  but  the  average  yield  of  bromegrass  was  441  pounds 
per  acre  less  than  that  of  alfalfa.  Bromegrass  has  a  tendency  to 
become  sod-bound  after  a  few  years,  causing  a  great  reduction  in 
yield,  and  it  is  inferior  to  either  alfalfa  or  sweetclover  as  a  hay  crop 
for  nonirrigated  land.  Bromegrass  and  alfalfa  have  proved  to  be 
unsuited  for  use  in  rotations,  but  sweetclover  is  well  adapted  to 
rotation  purposes. 

Alfalfa,  sweetclover,  and  red  clover  have  been  seeded  on  fall-plowed 
land  without  a  nurse  crop,  and  satisfactory  stands  have  generally 
been  obtained.  Bromegrass  has  been  seeded  with  wheat  as  a  nurse 
crop,  but  frequently  stands  of  grass  were  not  obtained,  and  reseeding 
the  following  year  without  a  nurse  crop  was  necessary.  The  obtaining 
of  acceptable  stands  of  any  of  the  hay  crops  when  seeded  on  dry  land 
with  a  nurse  crop  is  very  uncertain,  and  seeding  with  a  nurse  crop 
cannot  be  recommended  except  when  there  is  an  abundance  of  mois- 
ture in  the  soil. 

Good  average  yields  of  most  of  the  grain,  fodder,  and  hay  crops 
have  been  obtained,  but  years  of  total  failure  or  near  failure  occur 
frequently  enough  to  make  dry-land  farming  unsuccessful  unless 
proper  farming  systems  are  adopted  and  reserves  are  accumulated  to 
withstand  the  unfavorable  years.  Feed  crops  of  small  grains  and 
intertilled  crops  have  been  the  most  productive  and  dependable. 
Where  the  grain  and  stover  can  be  used  on  the  farm,  corn  has 
proved  to  have  the  most  valuable  place  in  the  cropping  system. 
Since  the  best-adapted  crops  may  be  most  profitably  disposed  of  by 
feeding  to  livestock  on  the  farm,  the  raising  or  feeding  of  live- 
stock are  important  features  of  dry-land  farming  systems  in  this 
section. 

CULTURAL  METHODS 

As  precipitation  is  such  an  important  limiting  factor  in  the  produc- 
tion of  crops  on  dry  land,  the  various  cultural  treatments  influence 
yields  chiefly  through  their  effect  on  the  water  supply.  Those  methods 
that  tend  to  conserve  moisture  through  the  control  of  weed  growth  or 
through  the  storage  of  a  reserve  supply  of  moisture  in  the  soil  are 
the  most  productive.  The  various  cultural  treatments  that  do  not 
distinctly  serve  either  of  these  two  purposes  have  very  little  difference 
in  effect  upon  the  crop  yields.  The  response  of  each  crop  to  the 
important  cultural  treatments  is  indicated  by  the  average  yields 
given  in  table  31. 

The  yields  of  all  crops  on  the  heavy  gumbo  soil  are  greater  on  fall 
plowing  than  on  spring  plowing,  and  under  farm  conditions  the 
advantage  of  fall  plowing  for  small  grain  should  be  more  pronounced, 
as  plowing  large  fields  in  the  spring  would  probably  delay  seeding 


AGRICULTURAL   INVESTIGATIONS   AT   BELLE    FOURCHE 


49 


sufficiently  to  cause  some  reduction  in  yield.  Plant  growth  early  in 
the  spring  frequently  is  much  more  rapid  and  vigorous  on  fall  plowing 
than  on  spring  plowing,  but  dry  weather  later  in  the  season  usually 
tends  to  equalize  the  yields.  The  returns  from  sorgo  have  been 
distinctly  greater  on  fall  plowing  than  on  spring  plowing,  owing  to 
the  fact  that  good  stands  of  this  crop  have  been  obtained  on  spring 
plowing  only  when  soil  and  climatic  conditions  were  unusually  favor- 
able. Fall  plowing  is  decidedly  better  than  spring  plowing  for  sorgo 
and  other  shallow-seeded  crops. 


Table  31. — Average  yields  per  acn 
treatments  for  24-  years, 

I  of  leading  dry-land  crops  on  different 
1909-32,  and  for  10  years,  1923-32 
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1  Winter  wheat  completely  winter-killed  in  1932  on  all  treatments  except  fallow.  The  yields  of  spring 
wheat  reseeded  on  the  various  plots  on  which  total  winter-killing  occurred  are  included  in  the  average 
yields  for  winter  wheat. 

i  Average  yield  for  23  years,  1909-31. 

The  depth  of  plowing  has  not  had  a  great  influence  upon  the  pro- 
duction of  crops.  Plowing  7  or  8  inches  deep  has  resulted  in  somewhat 
larger  yields  of  most  crops  than  plowing  4  inches  deep,  but  subsoiling 
to  a  depth  of  16  inches  has  had  no  apparent  effect.  Plowing  deeper 
than  7  inches  is  not  justified. 

Fall-listing  has  had  practically  the  same  influence  upon  small  grain 
as  plowing,  but  the  weed  growth  has  been  a  little  heavier  on  listed 
ground.  Corn  planted  with  a  lister  has  yielded  approximately  the 
same  as  that  surface-planted  on  plowed  land.  Listed  corn  has  been 
more  backward  early  in  the  spring  than  surface-planted  corn,  but 
there  has  not  been  much  difference  in  the  time  of  maturity.  Listing 
is  the  cheapest  and  consequently  the  most  profitable  method  for  corn, 
but  special  cultivating  machinery  is  required  to  secure  the  best  results. 

Winter  rye  stubbled  in  after  winter  wheat  has  yielded  an  average 
of  only  2.4  bushels  per  acre  less  than  winter  rye  on  corn  ground. 

Small  grains  disked  5  or  stubbled  in  on  corn  ground  outyielded 
grain  on  all  other  cultural  treatments  except  summer-fallow,  green 
manure,  and  unplowed  sorgo  or  potato  ground  by  a  substantial 
margin.  The  average  yields  of  spring-sown  small  grain  on  disked 
corn  ground  were  from  74  to  81  percent  as  great  as  the  yields  on 

3  Corn  and  sorgo  stubble  ground  has  been  prepared  for  seeding  spring  grain  by  disking  (12  years),  spring, 
tooth  harrowing  (5  years),  and  duck -footing  (7  years),  but  for  convenience  the  treatment  is  referred  to  in 
the  dry-land  section  of  this  report  as  disking  or  disked.  Corn  and  sorgo  stubble  ground  has  received  no 
treatment  in  preparation  for  seeding  fall  grain. 
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summer-fallow.  Seeding  in  standing  cornstalks  has  been  the  most 
productive  method,  except  summer-fallow,  for  winter  wheat.  During 
the  10  years  1923-32  the  average  yield  of  winter  wheat  seeded  in 
standing  cornstalks  was  2.3  bushels  per  acre  greater  than  when 
seeded  on  corn  stubble  and  only  1.9  bushels  per  acre  less  than  when 
seeded  on  fallow.  The  cornstalks  apparently  afford  considerable 
protection  against  the  agencies  causing  winter  injury.  The  low  cost 
of  production  of  grain  on  unplowed  land  after  corn  or  other  intertilled 
crops  makes  this  the  most  profitable  of  all  cultural  methods.  It  is 
essential,  however,  that  the  intertilled  crops  be  kept  clean,  if  favorable 
returns  from  the  following  crop  of  grain  are  to  be  obtained. 

Plowing  clean  corn  ground  is  not  advisable.  The  yields  of  small 
grain  on  plowed  corn  ground  have  averaged  1.3  to  3  bushels  per  acre 
less  than  where  the  corn  ground  was  merely  disked. 

Turning  under  winter  rye,  field  peas,  and  sweetclover  for  green 
manure  has  not  had  so  favorable  an  effect  as  summer-fallow  upon 
succeeding  crops.  The  low  returns  and  the  expense  involved  make 
green  manuring  prohibitive  under  present  conditions. 

The  application  of  barnyard  manure  has  had  no  consistent  beneficial 
effect.  The  average  yields  of  spring  wheat  and  oats  on  fallow  land 
that  was  manured  before  plowing  are  0.2  bushel  and  2.7  bushels  per 
acre  less,  respectively,  than  on  unmanured  fallow  land. 

The  highest  yields  of  all  crops  has  been  obtained  on  summer- 
fallowed  land.  The  average  yields  are  about  50  percent  greater  on 
fallowed  than  on  plowed  land,  except  in  the  case  of  corn.  The  yield 
of  corn  on  summer-fallowed  land  was  only  33  percent  greater  than  on 
fall-plowed  land  that  had  borne  a  crop. 

The  annual  yields  of  spring  wheat,  oats,  and  barley  on  fall  plowed, 
disked  corn  ground,  and  summer-fallow  given  in  table  32  show  that 
summer-fallow  is  of  much  greater  value  than  the  average  yields  indi- 
cate. Since  1909  there  have  been  only  two  years,  1911  and  1912,  in 
which  small-grain  crops  were  complete  failures  on  fallow,  but  the 
yields  on  fallow  were  quite  low  in  1919  and  1931.  In  the  years  of 
partial  failure  of  crops  on  plowed  land,  good  yields  have  generally 
been  produced  on  fallow,  the  returns  on  fallow  in  most  such  instances 
being  100  percent  or  more  greater  than  on  plowed  land.  Likewise,  in 
some  of  the  less  productive  years,  as  1918  and  1921,  the  yields  on 
fallow  have  been  approximately  200  percent  or  more  greater  than  on 
disked  corn  ground.  In  the  more  favorable  seasons  there  has  not 
been  a  great  deal  of  difference  between  the  yields  on  fallow  and  those 
on  fall  plowing  following  a  crop. 

Summer-fallow  is  unquestionably  the  cultural  method  that  affords 
the  greatest  assurance  of  crop  production  in  dry  years,  and  it  has  an 
essential  place  in  any  desirable  cropping  system.  Fallow  has  proved 
to  be  one  of  the  most  effective  and  practical  methods  for  controlling 
weeds,  and  it  permits  a  more  even  distribution  of  farm  work. 

The  principal  disadvantage  of  summer-fallow  is  the  liigh  cost  of 
production  per  acre,  as  only  one  crop  is  grown  in  2  years,  but  the  high- 
est yields  obtained  on  fallow  offset  this  to  a  large  extent.  The  com- 
paratively low  price  of  land  in  western  South  Dakota,  modern  power 
machinery,  large  acreages,  and  improved,  cheaper  methods  of  summer- 
fallowing  have  materially  reduced  the  cost  of  production,  and  summer- 
fallowing  may  be  considered  more  profitable  than  cropping  every  year 
under  average  conditions.     A  factor  which  may  limit  the  success  of 
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summer-fallowing  is  soil  blowing,  and  all  practical  precautions  to 
retard  soil  drifting  are  desirable. 

Table  32. — Annual  and  average  yields  of  spring  wheat,  oats,  and  barley  grown  on 
dry  land  under  three  of  the  most  important  cultural  treatments,   1909-82 


Spring  wheat 

Oats 

Barley 

Year 

Fall- 
plowed 

Summer- 
fallowed 

Disked 
corn 

Fall- 
plowed 

Summer- 
fallowed 

Disked 
corn 

Fall- 
plowed 

Summer- 
fallowed 

Disked 
corn 

1909-    ..     

Bushels 
27.5 

0 

0 

0 

8.7 

5.8 
56.7 
11.7 

5.7 

6.6 

0 
29.4 

1.3 
33.2 
28.6 
23.5 
18.7 
29.6 
19.5 
25.2 
28.1 
12.7 

0 
18.2 

Bushels 
32.3 

5.0 

0 

0 

16.4 
15.2 
58.9 
19.7 
11.8 
32.2 

4.6 
31.4 
26.6 
32.6 
31.0 
22.6 
24.4 
44.3 
23.8 
43.0 
26.8 
19.0 

1.9 
19.5 

Bushels 
29.8 

3.8 

0 

0 

10.3 
10.0 
58.5 
19.1 

7.9 

6.5 

0 
31.3 

1.9 
33.5 
30.9 
23.4 
22.1 
28.2 
22.8 
32.1 
30.3 
16.2 

0 
17.3 

Bushels 
56.7 

0 

0 

6.1 
17.6 
16.3 
123.0 
19.5 
15.5 
14.9 

0 

61.7 
.6 
67.4 
61.7 
47.7 
43.2 
52.1 
31.2 
51.9 
50.1 
30.3 

0 
44.0 

Bushels 
77.9 
17.3 
0 

7.8 
36.6 
49.8 
127.9 
48.8 
27.7 
51.6 
12.0 
61.6 
40.4 
76.6 
69.3 
55.4 
67.2 
82.6 
51.8 
97.7 
61.9 
53.5 
2.0 
44.3 

Bushels 
58.9 

7.6 

0 

10.9 
25.6 
30.6 
129.5 
37.8 
14.6 
16.8 

0 
61.9 

4.0 
64.2 
59.6 
38.8 
62.9 
57.3 
37.0 
56.6 
53.5 
41.4 

0 
37.8 

Bushels 
25.0 

4.8 

0 

0 

8.9 

7.1 
71.5 
33.6 
23.3 
11.6 

0 
59.8 

0 

42.5 
49.6 
31.7 
29.6 
37.1 

3.1 
62.7 
32.7 
30.2 

1.6 
43.3 

Bushels 
37.3 

3.0 

0 

0 

13.4 
21.7 
74.3 
42.7 
28.1 
36.0 

8.8 
64.4 
43.5 
50.4 
57.7 
43.3 
49.6 
77.9 
16.5 
63.1 
54.8 
46.7 
10.8 
43.3 

Bushels 
43.8 

1910 

5.0 

1911 

0 

1912 

0 

1913 

1914 

1915 

1916 

1917 

8.9 
12.2 
65.7 
36.8 
27.5 

1918 

12  3 

1919. 

0 

1920         

62  7 

1921...   

6  0 

1922 

51  3 

1923. 

50  0 

1924 . 

36  3 

1925. 

31  5 

1926. 

50  2 

1927 

30  2 

1928 

35  6 

1929 

1930 

49.2 
42  3 

1931 . . 

1  7 

1932 

45  8 

Average..  j_ -_ 

16.3 

22.6 

18.2 

33.8 

50.9 

37.8 

25.4 

37.0 

29.4 

Summer-fallowing  may  be  practiced  to  good  advantage  on  a  sub- 
stantial portion  of  the  dry  land  under  cultivation.  It  is  apparent  that 
as  much  corn  and  other  intertilled  crops  should  be  grown  as  can  be 
utilized  or  disposed  of  advantageously,  but  on  many  of  the  dry-land 
farms  more  land  than  is  required  for  intertilled  crops  should  be  clean 
cultivated  to  control  weeds,  and  summer-fallow  is  admirably  suited 
for  handling  this  acreage. 

CROP  SEQUENCE 

There  has  been  little  difference  in  the  effect  of  the  various  spring- 
sown  small  grains  upon  succeeding  crops.  The  yields  after  spring 
wheat  have  not  been  quite  so  great  as  after  barley,  oats,  or  flax.  Winter 
rye  stubbled-in  after  winter  wheat  has  as  a  rule  been  distinctly  superior 
in  every  respect  to  winter  rye  stubbled-in  after  spring  wheat,  but  as 
winter  rye  after  spring  wheat  has  been  turned  under  for  green  manure, 
actual  yield  comparisons  cannot  be  made. 

Land  seeded  to  the  same  crop  every  year  since  1908  has  shown  only 
a  small  decline  in  productiveness.  No  deficiency  in  the  supply  of 
plant-food  substances  in  the  soil  of  continuously  cropped  land  is 
indicated,  but  the  decrease  in  productiveness  may  be  attributed  to  an 
increase  in  weed  growth  and  to  certain  soil-borne  diseases,  such  as 
foot  rot.  Corn,  wheat,  oats,  and  barley  have  yielded  nearly  as  much 
on  continuously  cropped  land  as  after  small  grain  in  rotations,  but 
the  production  of  small  grain  grown  after  small  grain  in  a  rotation  or 
on  continuously  cropped  land  has  not  been  very  dependable.     The 
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uncertainty  of  producing  a  crop  and  the  rapid  increase  of  weed  growth 
make  extremely  hazardous  the  cropping  of  the  land  to  small  grain 
more  than  2  years  in  succession. 

Higher  average  yields  have  been  obtained  after  most  of  the  inter- 
tilled crops  than  after  small  grain,  except  when  the  intertilled  crop 
land  has  been  plowed.  The  yields  of  spring  wheat  on  plowed  corn 
ground  have  been  slightly  less  than  the  yields  obtained  after  small 
grain.  The  relative  effects  of  corn,  sorgo,  and  potatoes  upon  the 
yields  of  following  crops,  when  the  land  has  not  been  plowed,  are 
shown  in  table  31.  In  general,  there  is  little  difference  between  the 
effects  of  corn  and  sorgo,  the  advantage  being  in  favor  of  corn  with 
spring  wheat  and  winter  wheat  and  in  favor  of  sorgo  with  oats  and 
winter  rye.  The  yields  of  spring  wheat  and  oats  after  potatoes  are 
distinctly  greater  than  after  corn  or  sorgo,  and  are  nearly  equal  to 
those  on  fallow. 

Winter  rye,  field  peas,  and  sweetclover  turned  under  for  green 
manure  have  not  differed  materially  in  their  effect  upon  following 
crops,  except  insofar  as  they  may  have  influenced  the  quantity  of  water 
stored  in  the  soil.  As  shown  in.  table  31,  the  average  yields  of  wheat 
and  oats  after  rye  turned  under  are  essentially  the  same  as  after  field 
peas.  The  yields  after  sweetclover  are  lower  than  after  the  other  two 
green-manure  crops,  but  this  may  be  attributed  to  the  fact  that  in 
many  of  the  years  sweetclover  was  plowed  under  later  in  the  season, 
causing  a  greater  reduction  in  the  moisture  content  of  the  soil. 

The  inclusion  of  hay  crops  in  rotations  has  had  very  little  effect 
upon  the  yields  of  other  crops.  The  average  yield  of  oats  on  fall- 
plowed  alfalfa  sod  was  about  2  bushels  per  acre  less  than  after  small 
grain  in  rotations  in  which  no  sod  crop  was  grown.  Bromegrass  has 
had  a  slightly  more  favorable  effect  on  following  crops  than  alfalfa. 
The  average  yields  of  oats  on  sod  and  of  corn  following  the  oats  were 
2.8  bushels  and  2.6  bushels  per  acre  greater,  respectively,  after  brome- 
grass than  after  alfalfa, 
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INTRODUCTION 

Results  of  surveys  of  the  varieties  of  strawberries  grown  in  the 
United  States  have  been  published  as  a  bulletin  of  the  United  States 
Department  of  Agriculture  (l).2  In  this  bulletin  are  maps  showing 
definite  regions  where  different  varieties  succeed.  The  Missionary 
is  the  only  variety  grown  in  Florida;  until  recently  Klondike  and 
Missionary  have  been  the  only  two  commercial  sorts  grown  in  most 
of  the  Southern  States  from  Virginia  west  to  southern  California; 
Marshall,  Ettersburg  121,  and  Clark  are  the  three  principal  sorts 
raised  in  the  Pacific  Northwest;  Aroma  is  raised  in  the  central 
Mississippi  Valley;  Howard  17  (Premier)  throughout  the  area  imme- 
diately to  the  north  and  in  the  Northeast,  and  Dunlap  in  the  most 
northern  regions.  Nearly  all  European  varieties  tested  thus  far 
grow  feebly  at  the  United  States  Plant  Introduction  Garden,  Glenn 
Dale,  Md.,  near  Washington,  showing  none  of  the  valuable  charac- 
teristics that  make  them  worth  growing  in  different  regions  of  Europe. 
Why  the  varieties  succeeded  in  such  definite  areas  was  not  evident, 
yet  an  understanding  of  the  reasons  is  important  to  an  evaluation  of 
new  varieties  and  in  breeding  such  for  any  particular  region. 

1  Acknowledgment  is  due  to  Hugh  Sherwood,  who  assisted  in  making  many  of  the  measurements  for 
1931  and  1932;  E.  H.  Haack,  of  the  Central  California  Berry  Growers  Association,  who  has  kindly  furnished 
data  on  berry  shipments  from  which  the  graphs  in  figure  12  were  made;  H.  A.  Allard,  of  the  Division 
of  Tobacco  and  Plant  Nutrition,  who  has  given  helpful  advice  and  extended  the  use  of  his  day-length 
facilities;  and  Guy  E.  Yerkes,  Division  of  Fruit  and  Vegetable  Crops  and  Diseases,  who  made  many 
helpful  suggestions. 

2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  31. 
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Studies  of  the  species  of  strawberries  from  which  cultivated  sorts 
are  derived  also  showed  regional  adaptations.  Fragaria  virginiana 
Duch.  has  a  wide  adaptation,  being  native  to  eastern  North  America 
from  Hudson  Bay  to  northern  Georgia.  F.  chiloensis  Duch.,  how- 
ever, has  a  restricted  adaptation,  being  native  to  the  beaches  of  the 
Pacific  coast  from  Alaska  to  central  California  and  southern  Chile. 
It  is  also  found  on  mountain  tops  in  the  Hawaiian  Islands.  A  selec- 
tion of  this  is  grown  at  high  elevations  (nearly  10,000  feet)  in  Ecuador 
near  the  Equator,  while  hybrids  of  F.  chiloensis  with  cultivated 
varieties  are  raised  in  Alaska.  F.  chiloensis  planted  in  Maryland 
soon  dies  out.  The  selection  of  this  species  grown  near  the  Equator 
in  Ecuador,  where  the  temperature  is  rarely  higher  than  65°  or  70°  F. 
and  seldom  lower  than  35°,  fruits  continuously  throughout  the  year, 
but  in  Peru  it  fruits  through  November,  December,  and  January, 
and  in  Chile  in  December  and  January.  In  Maryland  it  has  a 
fruiting  season  of  about  2  weeks  in  June. 

The  daily  light  periods  of  regions  where  strawberries  are  grown 
range  from  continuous  daylight  for  6  weeks  in  summer  in  central 
Alaska  to  16  or  17  hours  of  daylight  in  June  in  the  Northern  States, 
to  12  hours  at  the  Equator,  and  10K  to  11  hours  in  Florida  in  winter. 

The  experiments  reported  herein  were  conducted  both  in  the  field 
and  in  the  greenhouse  and  were  planned  to  give  an  understanding  of 
the  responses  made  by  different  species  and  varieties  of  strawberry  to 
light  conditions  in  the  various  berry  regions  of  the  United  States.  It 
is  recognized  that  temperature  factors  are  probably  equally  important 
in  their  effects  on  the  strawberry.  It  was  not  possible  to  give  plants 
daily  light  exposures  in  intensity  and  quality  in  the  greenhouse  which 
duplicate  field  conditions.  However,  in  some  respects  the  experiments 
have  shown  that  greenhouse  tests  can  be  made  which  may  be  even 
more  informing  concerning  the  responses  of  different  varieties  than 
field  tests  would  be. 

Other  experiments,  carried  on  at  the  same  time  as  were  those 
reported  herein,  have  shown  that  the  optimum  temperature  for  straw- 
berry leaf  growth  was  between  68°  and  79°  F.,  averaging  about  73° 
(5).  The  production  of  runners  by  different  varieties  was  found  to  be 
characteristic,  the  Howard  17  producing  none  in  Maryland  from 
axillary  buds  of  leaves  appearing  after  August  19  (4).  The  starting 
of  fruit-bud  formation  was  found  to  occur  in  Howard  17  and  some 
other  varieties  in  Maryland  (12),  and  in  the  Marshall  in  the  Pacific 
Northwest  (6)  by  September  1,  and  in  Ettersburg  121  on  October  15 
in  Maryland  and  early  in  November  in  the  Northwest.  Fruit-bud 
development  does  not  begin  in  spring-bearing  varieties  until  the 
daily  light  period  becomes  relatively  short  in  the  fall  (8).  From 
North  Carolina  southward  the  days  are  sufficiently  short  in  spring 
when  growth  starts  so  that  fruit-bud  formation  in  some  varieties 
can  continue  into  May  and  June,  after  which  it  is  stopped  by  hot 
weather  (8).  The  fall  and  early  winter-formed  fruit  buds  of  the 
leading  varieties  in  the  South  develop  into  basal-branching  clusters 
and  the  later-formed  fruit  buds  into  high-branching  clusters,  each  variety 
having  characteristic  cluster  types  (2,  rev.ed.;  8,  8).  In  the  districts 
of  California  just  south  of  San  Francisco  where  the  summers  are 
cool  and  day  length  approximates  that  of  the  Carolinas,  fruit-bud 
formation  may  continue  throughout  the  summer  in  varieties  that 
produce  a  single  crop  elsewhere  (16),    Each  variety  has  a  charac- 
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teristic  response  to  length  of  daily  light  period  and  to  temperature; 
moderate  temperatures  and  light  and  dark  periods  of  about  equal 
length  being  most  favorable  for  growth  and  fruit-bud  production  in 
some  varieties,  but  shorter  light  periods  more  favorable  to  other 
sorts  (7,  9).  Drought  may  stop  fruit-bud  formation  in  certain 
varieties  (15),  though  under  some  conditions  it  is  known  to  initiate 
limited  fruit-bud  formation,  and  the  drying  up  of  strawberry  beds 
(2)  is  even  used  to  a  slight  extent  by  growers  for  this  purpose.  Short 
daily  light  periods  in  fall  are  a  cause  of  the  rest  period  in  straw- 
berries (10). 

SHORTENING  THE  DAILY  LIGHT  PERIOD  IN  SUMMER 

EARLY  EXPERIMENTS,  1923-27 

In  midwinter  of  1923  boxes  and  flowerpots  were  placed  over  straw- 
berry plants  in  the  field  in  such  a  manner  as  to  exclude  light  but  allow 
ventilation.  On  May  8,  when  normal  plants  were  in  full  bloom,  those 
in  the  dark  had  also  come  to  the  flowering  state.  Although  the  type 
of  growth  produced  was  typical  of  etiolated  plants,  the  test  showed 
that  light  was  not  essential  to  growth  after  the  rest  period  was  broken 
by  exposure  to  low  temperatures.  The  leaf  petioles  were  greatly 
elongated,  being  several  times  the  length  of  those  in  the  open;  the 
leaflets  were  very  small;  the  flowers  were  few,  the  sepals  poorly  de- 
veloped, the  petals  almost  wanting,  and  the  stamens  entirely  lacking. 
The  pistils  were  better  developed  than  other  floral  parts,  but  they  were 
very  small.  In  the  absence  of  light,  stored  food  materials  apparently 
were  sufficient  for  little,  if  any,  cell  division,  but  conditions  were 
satisfactory  for  cell  enlargement. 

Throughout  the  summers  of  1923,  1924,  and  1925,  boxes  (12  by  18 
inches  by  6  feet),  painted  white  on  the  outside  with  ventilators 
adjusted  to  exclude  light,  were  placed  over  plants  of  Missionary, 
Dunlap,  Howard  17,  Klondike,  Progressive  (an  everbearing  sort),  and 
Portia  in  the  field  about  4:30  p.m.  and  left  until  7:30  a.m.,  giving  an 
8%-  to  9-hour  period  of  daylight.  Under  these  shortened  periods  of' 
light  exposure,  vegetative  growth  was  reduced  and  a  small  number  of 
fruit  buds  formed  each  year  on  the  Missionary  and  more  rarely  on 
some  other  sorts. 

In  1926,  Howard  17,  Missionary,  and  Dunlap  were  grown  in  flats 
and  placed  under  8-,  10-,  and  12-hour  daylight  periods  from  July  16 
to  September  4.  No  evidence  of  fruit-bud  formation  due  to  the 
shorter  daylight  periods  for  this  limited  time  was  found. 

In  1927,  the  Howard  17,  Missionary,  Dunlap,  and  Progressive  were 
placed  under  10-  and  12-hour  and  normal  daily  light  periods  from  May 
until  the  end  of  October.  Under  the  10-hour  period  the  Howard  17, 
Missionary,  and  Dunlap  blossomed  by  the  end  of  July,  while  Pro- 
gressive, the  everbearing  sort,  produced  no  blossoms.  Under  the 
12-hour  and  normal  light  periods  no  flowers  were  produced  except  by 
Progressive,  which  blossomed  freely  throughout  the  summer.  Under 
the  10-hour  day,  Howard  17  produced  no  flowers  after  July  28,  while 
Missionary  and  Dunlap  did.  Under  the  12-hour  day  by  October  26 
Howard  17,  Missionary,  and  Dunlap  had  all  produced  some  flower 
clusters.  These  tests  indicate  that  except  for  everbearing  sorts  the 
varieties  worked  with  will  form  fruit  buds  only  to  a  limited  degree,  if 
at  all,  under  short  daylight  periods  at  high  summer  temperatures. 
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Apparently  both  length  of  light  exposure  and  temperature  are  factors 
in  inducing  fruit-bud  initiation  in  these  varieties. 

Tests  for  these  first  5  years  showed  that  the  everbearing  varieties 
tested  form  fruit  buds  and  grow  freely  under  the  long  days  of  mid- 
summer but  do  not  differentiate  fruit  buds  in  daily  light  periods  at 
summer  temperatures  of  much  less  than  12  hours.  In  contrast  the 
spring-fruiting  varieties  form  fruit  buds  in  the  normal  short  days  of 
fall  and  likewise  (though  sparingly)  under  artificially  shortened  days 
at  high  temperatures  in  midsummer. 

EXPERIMENTS  IN  1928  AND  1929 

In  the  summers  of  1928  and  1929  five  plants  each  of  Progressive, 
Kockhill,  Pearl,  Howard  17,  Missionary,  Dunlap,  Fairfax,  a  variety 
from  Mexico,  and  one  from  Alaska  were  grown  in  pails  with  the 
Allard  equipment  under  10-hour,  12-hour,  and  normal  daylight 
periods  from  April  to  October,  and  detailed  records  were  taken  on 
their  runner,  leaf,  flower  cluster,  and  flower  production.  The  aver- 
ages per  plant  for  all  varieties,  and  detailed  records  for  Missionary,  a 
southern  sort,  Howard  17,  a  northern  sort,  and  Progressive,  an  ever- 
bearing sort,  are  given  in  table  1.  For  the  Mexican  variety  the 
number  of  flower  clusters  in  the  spring  of  1929  was  9.3,  17.0,  and  2.2 
for  the  10-hour,  12-hour,  and  normal  daylight  exposures,  respectively. 

Table  1. — Strawberry  growth  records  per  plant  for  the  summers  of  1928  and  1929 
under  three  daily  light  periods,  and  flower  production  per  plant  in  the  spring  of 
1930  on  the  same  plants 


Runners 

Leaves 

Leaf  area,  1928 

Flower 
clus- 
ters, 
1929 

Flow- 

Variety and  light  period 

1928 

1929 

Oct.  6, 
1928 

Oct.  23, 
1929 

July  18 

Aug.  17 

Oct.  8 

ers, 

spring, 

1930 

Missionary: 
10-hour  

Number 
4.0 
18.6 
19.4 

.4 

1.8 

16.6 

.8 
6.0 
2.6 

1.8 
7.8 
13.7 

Number 
15.4 
30.0 
36.4 

.6 
6.8 
29.8 

3.8 
12.2 
10.4 

6.7 
16.1 

27.0 

Number 
21.6 
20.2 
9.2 

35.0 
50.2 
14.6 

16.8 
25.8 
25.8 

23.5 

25.6 
15.8 

Number 
52.7 
45.4 
24.0 

67.6 

75.8 
41.5 

36.4 
73.0 
73.4 

59.0 
58.6 
38.3 

-Sty.  in. 
43 
98 
105 

39 
89 
119 

38 
81 
110 

'37 

'74 

i  140 

Sq.  in. 
20 
71 
166 

55 
109 
138 

48 
82 
122 

141 

189 

i  150 

Sq.  in. 
81 
140 
132 

95 
134 

148 

73 
182 
111 

i  76 
i  149 
1129 

Number 
1.4 
.8 
.0 

.0 
.0 
.0 

6.4 

4.2 

40.0 

Number 
70.8 

12-hour.     

53.6 

24.2 

Howard  17: 
10-hour 

37.0 

12-hour... 

21.6 

21.2 

Progressive: 
10-hour  -.  

56.2 

12-hour - 

62.0 

44.2 

Average,  9  varieties: 
10-hour 

M5.2 

12-hour 

M2.0 

2  22.2 

1  Average  of  8  varieties. 


2  Average  of  7  varieties. 


Table  1  shows  several  characteristic  differences  between  typically 
southern,  northern,  and  everbearing  varieties  at  the  usual  summer 
temperatures  of  Washington,  D.C.  In  runner  production,  in  leaf 
number,  in  leaf  area,  in  flower  clusters,  and  in  number  of  flowers, 
these  three  varieties  show  the  characteristic  differences  of  southern 
varieties  (Missionary)  adapted  to  short  days,  of  northern  varieties 
(Howard  17)  adapted  to  long  days,  and  of  everbearing  varieties 
(Progressive)  adapted  to  long  days  in  the  North.  Missionary  pro- 
duced runners  freely  under  12-hour  and  normal  but  not  under  the 
10-hour  days;  Howard  17  produced  runners  freely  under  normal  long 
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days  but  not  under  10-  and  12-hour  days;  whereas  the  Progressive 
did  not  produce  them  freely  at  all  under  10-  or  12-hour  or  normal 
days.  Except  in  the  variety  from  Alaska,  runner  production  ceased 
by  the  end  of  June  under  the  10-hour  day;  even  under  the  12-hour 
day  it  ceased  for  the  Howard  17  but  not  for  the  others.  Missionary 
and  Dunlap  produced  runners  freely  under  the  12-hour  day. 

In  1928  in  number  of  leaves  the  12-hour  day  series  was  first,  the 
10-hour  day  second,  and  the  normal  day  third;  in  1929  the  10-hour 
and  12-hour  day  series  were  about  the  same  and  the  normal-day  series 
much  less. 

In  leaf  area  per  plant  the  normal-day  series  was  greatest  until 
October  8.  The  leaves  on  the  10-hour  series  were  much  the  smallest, 
resembling  leaves  produced  in  late  fall  in  the  field.  Fewer  crowns 
were  produced  in  the  normal-day  than  in  the  10-hour  and  12-hour 
series. 

The  Progressive  everbearing  variety  produced  40-flower  clusters 
per  plant  during  the  summer  on  the  normal-day  plants  and  but  4.2 
and  6.4  on  the  12-hour  and  10-hour  day  plants,  respectively.  It  is 
especially  noteworthy  that  the  variety  from  Mexico,  which  comes 
from  a  region  with  days  and  nights  nearly  equal,  produced  the  most 
flower  clusters  on  the  12-hour  day  plants. 

In  the  spring  of  1930  plants  of  Missionary  kept  under  10-  and  12- 
hour  daylight  periods  the  previous  year  produced  over  twice  as  many 
flowers  as  those  in  the  normal-day  series.  Apparently  a  longer  grow- 
ing period  in  the  fall  when  the  days  are  short  enough  for  fruit-bud 
formation  resulted  in  many  more  flowers  in  the  spring.  The  Alaskan 
and  Mexican  varieties,  as  well  as  the  Progressive,  however,  produced 
more  flowers  in  the  12-hour  than  in  the  10-hour  or  normal-day  series. 

The  experiments  for  these  two  summers  indicated  a  general  trend 
of  response  by  the  strawberry  but  also  a  characteristic  response  by 
varieties  to  daily  light  periods  in  all  the  phases  of  plant  growth  that 
were  measured.  They  showed  clearly  that  a  long  summer  day  at 
elevations  near  sea  level  is  necessary  for  fruit  production  in  the  ever- 
bearing sorts  tested.  When  the  day  length  is  shortened,  growth  is 
slowed  up  and  the  plants  are  dwarfed.  The  indications  are  that 
present  varieties  of  everbearing  strawberries  are  adapted  only  to  the 
northern  parts  of  the  United  States  where  the  summer  days  are  long. 
Observations  confirm  these  results.  The  common  everbearing  varie- 
ties in  the  field  in  the  Southern  States  as  a  rule  produce  no  runners 
and  are  dwarfed  as  they  were  in  these  experiments.  Breeding  results 
also  confirm  this.  Seedlings  resulting  from  crosses  between  the  Rock- 
hill,  an  everbearing  sort,  and  the  Missionary  have  been  grown  at 
Willard,  N.C.  Some  grew  freely  under  the  relatively  shorter  days 
there  in  summer,  while  others  did  not,  and  responded  as  did  the 
Rockhill  and  Progressive  in  these  experiments. 

The  response  of  the  Howard  17  corresponds  to  its  response  in  the 
field  in  different  regions.  In  Ohio  and  New  Hampshire  it  makes 
runners  to  the  end  of  the  growing  season,  but  in  Maryland  initiation 
of  runners  usually  ceases  in  the  latter  part  of  August  and  very  few 
appear  after  the  first  week  in  September.  Farther  south  at  Willard, 
N.C,  few  runners  are  produced  at  any  time,  and  the  plants  finally  die 
out.  In  contrast,  the  Missionary  variety  produced  runners  freely 
even  under  the  relatively  short  summer  days  in  Florida  and  still  more 
freely  in  North  Carolina  and  Maryland.     Southern  varieties  like  the 
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Missionary  make  such  a  rank  growth  of  runners  and  leaves  that  they 
are  not  adapted  to  the  Northern  States. 

LENGTHENING  THE  DAILY  LIGHT  PERIOD  IN  WINTER 

EXPERIMENTS  IN  1928-29  AND  1929-30  IN  THE  GREENHOUSE 

Four  plants  each  of  many  varieties  and  species  (132  in  1928  and 
81  in  1929)  were  potted  during  August  and  September  (in  some  cases 
later)  and  held  in  coldframes.  In  1928  the  first  series  having  no  rest 
period  was  brought  into  the  greenhouse  October  15;  the  second  series 
after  a  short  rest  period  was  brought  in  December  10;  the  third  after 
a  longer  rest  period  was  brought  in  on  January  24.  In  1929,  the 
first  series  was  brought  in  October  21,  and  the  lights  were  turned  on 
November  7;  the  second  series  was  brought  in  December  6  after  a 


Figure  1.— Arrangement  of  plants  and  of  electric  lights  in  the  greenhouse  in  1929-30.  In  the  center  bed 
are  plants  in  series  1  in  the  experiment  running  from  November  7,  1929,  to  March  10,  1930.  On  the  side 
benches  are  the  plants  in  series  2  in  the  experiment  running  from  December  18,  1929,  to  March  10,  1930. 
In  the  foreground  are  the  normal-day  lots. 

short  rest  period  and  the  lights  were  turned  on  December  18.  The 
plants  for  the  three  1928-29  series  were  grown  under  three  conditions, 
(1)  daylight  only,  (2)  100-watt,  and  (3)  200-watt  electric  lights  from 
dark  to  10  p.m.  to  supplement  daylight.  In  1929-30  the  three  con- 
ditions for  the  two  series  were  (1)  daylight  only,  (2)  200-watt,  and 
(3)  1,000-watt  lights  for  half  of  each  night  to  supplement  daylight. 
For  1929-30  there  were  nine  200-watt  lights  at  a  height  of  about  2.3 
feet  above  the  pots  to  cover  75  square  feet  of  bench  and  five  1,000- 
watt  lights  about  3  feet  above  the  plants  to  cover  an  equal  space 
(fig.  1).  The  temperatures  averaged  about  70°  F.  during  the  day 
both  winters,  and  60°  to  70°  at  night  in  1928-29  and  50°  to  60°  in 
1929-30.  While  the  200-watt  and  1,000-watt  lights  were  on,  the  air 
temperatures  around  the  plants  were  4°  to  5°  and  20°  to  25°  higher, 
respectively,  than  where  there  were  no  lights. 
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The  responses  under  the  100-watt  lights  were  similar  to  but  less 
pronounced  than  those  under  the  200-watt  lights;  those  under  1,000- 
watt  lights  were  similar  to  those  under  the  200-watt  lights.  The 
relatively  great  increase  in  temperature  under  the  1,000-watt  lights 
caused  somewhat  different  responses  in  some  varieties  but  did  not 
obscure  the  general  trend.  The  results  for  the  2  years  were  similar, 
although  minor  differences,  apparently  due  to  the  variation  in  night 
temperatures  and  perhaps  to  the  difference  in  conditions  before  the 
plants  were  brought  into  the  greenhouse,  were  apparent.  The 
response  of  the  varieties  and  species  is  therefore  represented  by  the 
figures  for  1929-30  experiments  in  tables  2  and  3  for  the  more 
important  or  for  representative  varieties. 

Table  2. — Relative  area  in  terms  of  total  leaf  product  of  all  mid  leaflets  and  the 
length  of  the  tallest  petiole  on  one  plant,  and  the  average  number  of  flower  clusters 
on  the  four  plants  in  each  lot  (normal  day,  normal  day  plus  200-watt  lights,  and 
normal  day  plus  1,000-watt  lights)  of  each  series  for  15  varieties  and  species  on 
Mar.  11,  1930 

[Electric  light  exposures  half  of  each  night;  greenhouse  experiments  in  Washington,  D.C.] 


Variety  and  light  exposure 

Series  1  (Nov.  7,  1929-Mar. 
11,  1930) 

Series  2  (Dec.  18,  1929-Mar. 
11,  1930) 

-  Leaf 
product 

Flower 
clusters 

Tallest 
petiole 

Leaf 
product 

Flower 
clusters 

Tallest 
petiole 

Missionary: 

Cm* 
278 
206 
217 

163 
260 
300 

283 
384 
335 

60 
117 

242 

166 
342 
173 

466 
525 
604 

46 
335 

279 

75 
168 

59 

100 
193 
317 

103 
95 
119 

161 
183 
97 

206 
417 
437 

Number 
2.5 
2.8 

Cm 

15 
13 
16 

7 
12 
10 

12 
18 
18 

7 
11 
11 

13 
14 

8 

Cm* 
161 
306 
426 

135 
275 
331 

254 
263 
586 

43 
179 
187 

108 
270 
315 

242 

573 
469 

43 
124 

145 

63 
169 
337 

158 
379 
176 

115 
167 
331 

Number 
1.3 
1.8 
1.0 

2.0 
1.8 

1.8 

1.3 
1.8 
2.0 

.7 
1.0 
1.0 

1.0 
1.0 
1.0 

3.5 
3.5 
5.3 

Cm 
12 

200-watt .        

18 

1,000-watt 

26 

Blakemore: 

3.8 
3.3 
3.7 

2.3 
1.7 
1.3 

1.5 
1.3 
2.0 

1.8 
2.5 
1.8 

7.0 
3.5 
5.0 

2.5 
4.0 
5.2 

1.5 
3.5 

2.8 

5 

200-watt  .      .  

22 

1,000-watt 

26 

Klondike: 
Normal ._ . 

g 

200-watt 

21 

1,000-watt  -- 

22 

Aroma: 
Normal 

7 

200-watt  ... 

13 

1,000-watt,               .        ..  . .  .. 

12 

Chesapeake: 

7 

200-watt 

17 

1,000-watt 

18 

Ettersburg  121: 
Normal.   .. .      .,        .  ;  

200-watt 

1,000-watt 

Mastodon: 
Normal..       -             

3 

9 
9 

5 
11 

8 

4 
13 
13 

5 
7 
6 

8 
12 
13 

2 

200-watt 

2.0 
2.0 

8 

1,000-watt 

11 

Howard  17: 
Normal - 

5 

200-watt-  .             .  .  - 

2.7 
2.0 

11 

1,000-watt 

22 

Bellmar: 
Normal 

6 

200-watt 

1.3 
.5 

1.3 
2.0 
1.3 

21 

1,000-watt 

22 

Marshall: 
Normal .. 

2.8 
1.8 
2.0 

2.5 
4.3 
2.3 

1.8 
1.5 

6 

200-watt --. 

11 

1,000-watt 

15 

Excelsior: 
Normal..        .      .  -         -  ..- 

200-watt 

1,000-watt 

Southland: 
Normal..  

292 
361 
337 

200-watt 

1,000-watt 

8 
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Table  2. — Relative  area  in  terms  of  total  leaf  product  of  all  mid  leaflets  and  the 
length  of  the  tallest  petiole  on  one  plant,  and  the  average  number  of  flower  clusters 
on  the  four  plants  in  each  lot  (normal  day,  normal  day  plus  200-watt  lights,  and 
normal  day  plus  1,000-watt  lights)  of  each  series  *or  15  varieties  and  species  on 
Mar.  11,  1930—  Continued 


Variety  and  light  exposure 

Series  1  (Nov.  7,  1929-Mar. 
11,  1930) 

Series  2  (Dec.  18,  1929-Mar. 
11,  1930) 

Leaf 
product 

Flower 
clusters 

Tallest 
petiole 

Leaf 
product 

Flower 
clusters 

Tallest 
petiole 

Pearl: 
Normal 

Cm* 
17 
110 
172 

38 
32 

Number 
.5 
1.8 
2.0 

2.0 
2.3 

Cm 
2 
10 
11 

4 
5 

Cm* 

95 
224 
138 

42 
130 
130 

179 
416 

Number 
.5 
1.3 

.8 

.0 
3.0 
3.0 

.0 
2.0 

Cm 
4 

200-watt 

14 

1,000-watt 

13 

Dunlap: 

3 

200-watt 

12 

1,000-watt 

12 

Fragaria  sp.  (Harlan): 

79 
443 

.0 
7.0 

7 
18 

11 

1,000-watt.. .. ..    -..-  . 

23 

Table  3. — Flower  production  of  12  strawberry  varieties  and  total  of  57  varieties  in 
the  greenhouse  under  normal  day  length  and  with  additional  200-  and  1,000-watt 
lights 

[4  plants  in  each  lot] 


Variety  and  light 
exposure 


Missionary: 

Normal 

200-watt 

1,000-watt-  -. 

Heflin: 

Normal. 

200-watt 

1,000-watt... 

Blakemore: 

Normal 

200-watt 

1,000-watt. .. 

Klondike: 

Normal 

200-watt 

,    1,000-watt... 

Aroma: 

Normal 

200-watt 

1,000-watt... 

Chesapeake: 

Normal 

200-watt 

1,000-watt... 

Ettersburg  121: 

Normal 

200-watt 

1,000-watt... 

Mastodon: 

Normal 

200-watt 

1,000-watt... 

Howard  17: 

Normal 

200-watt 

1,000-watt... 

Bellmar: 

Normal 

200-watt 

1,000-watt... 

Marshall: 

Normal 

200-watt 

1,000-watt... 


Series  1  (Nov.  7,  1929-Mar.  10,  1930) 


Nov. 
29 


Dec. 


7      20     30 


Jan. 


Feb. 


30 


23 


Mar. 
10 


75 


67 


62 


40 


Series  2  (Dec.  18,  1929-Mar. 
1930) 


Jan. 


13     20     27 


Feb. 


8      20 


Mar. 
8 


37 
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Table  3. — Flower  production  of  12  strawberry  varieties  and  total  of  57  varieties  in 
the  greenhouse  under  normal  day  length  and  with  additional  200-  and  1,000-watt 
lights — Continued 


Series  1  (Nov.  7,  1929-Mar.  10,  1930) 

Series  2  (Dec.  18,  1929-Mar.  8, 
1930) 

Variety  and  light 
exposure 

Nov. 
29 

Dec. 

Jan. 

Feb. 

Mar. 
10 

Jan. 

Feb. 

Mar. 

7 

20 

30 

7 

20 

27 

3 

21 

13 

20 

27 

3 

8 

20 

8 

F.  virginiana  (27): 
Normal 

0 
0 
0 

0 
0 
0 

0 

5 
49 

0 
0 
13 

0 

71 

374 

0 

2 

42 

9 

178 
851 

0 

16 

74 

55 

588 

1,511 

0 
42 

98 

115 
1,251 
2,241 

0 
57 
136 

226 

1,612 
2,622 

0 

0 

11 

0 
0 
0 

0 
0 
14 

0 
0 
0 

3 
4 
32 

0 
0 
0 

7 
17 
76 

0 
0 
0 

15 
60 
204 

0 
0 
0 

33 
137 
310 

0 
4 
5 

190 
597 
876 

3 

200-watt 

46 

1,000-watt 

54 

Total,  57  varieties: 
Normal 

336 

748 

1,524 

647 

200-watt 

1,480 

1,000-watt 

3 

1,594 

Figure  2.— Responses  of  strawberry  varieties  to  the  normal  light  of  winter  in  the  greenhouse  at  Washing- 
ton, D.C.  Almost  no  growth  was  made  by  Mastodon  (A)  and  Dunlap  (C)  and  very  little  by  Howard 
17  (Z>),  while  Southland  (B)  and  Missionary  (E)  made  a  vigorous  growth. 

From  the  very  beginning  of  these  winter  experiments  it  was  evident 
that  the  response  of  varieties  was  characteristic  and  far  more  inform- 
ing than  the  summer  experiments.  Varieties  could  be  classified  as 
follows:  (1)  Those  that  grew  vigorously  from  October  15  under 
normal  light,  such  as  Missionary  (fig.  2,  E),  Klondike,  Blakemore, 
Ettersburg  121,  Excelsior,  and  Southland  (fig.  2,  B);    (2)  those  that 

71497°— 34 2 
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grew  well  only  when  given  additional  light,  such  as  Chesapeake, 
Bellmar  (fig.  3),  Narcissa,  and  Marshall;  (3)  those  that  grew  well 
only  after  a  low- temperature  rest  period,  such  as  Howard  17  (figs. 
2,  D  and  5,  D),  Fairfax  (fig.  4),  Dunlap  (fig.  5,  A),  and  Campbell; 
(4)  the  everbearing  sorts  that  did  not  grow  well  in  the  greenhouse 


Figure  3.— The  Bellmar  strawberry  grown  in  the  greenhouse  in  winter  at  Washington,  D.C.:  A,  and  B, 
Normal  daylight  only  {A,  Oct.  15  to  Apr.  1,  B,  Jan.  24  to  Apr.  1),  Cand  D,  normal  daylight  plus  200- 
watt  lights  for  about  5  hours  each  night  (C,  Oct.  15  to  Apr.  1,  D,  Jan.  24  to  Apr.  1).  Plants  of  this  variety 
show  some  response  to  a  rest  period  (B)  but  more  response  to  additional  daily  light  (C),  while  the  ex- 
posure to  additional  light  after  a  rest  period  (Z>)  resulted  in  a  vigorous  growth. 

under  the  conditions  given,  as  represented  by  Mastodon  (fig.  2,  A), 
The  striking  differences  obtained  may  be  suggested  by  the  average 
number  of  flower  stems  (table  2,  series  1)  produced  under  normal 
light  in  the  November  7  series  by  Ettersburg  121  7.0  clusters,  by 
Chesapeake  1.8  clusters,  by  Howard  17  1.5  clusters,  and  by  Mastodon 


I 


■■'■ 


Figure  4.— Plants  A  and  B  were  brought  into  the  greenhouse  December  10  at  Washington,  D.C.,  A, 
receiving  normal  daylight  only,  B  receiving  electric  light  for  half  the  night  in  addition  to  daylight.  Plant 
Cwas  brought  into  the  greenhouse  January  24  and  received  normal  daylight  only.  This  variety,  Fairfax, 
shows  some  slight  response  to  additional  daily  light  (B),  but  a  far  greater  response  to  a  rest  period  (C). 
Photographed  April  1,  1929. 

2.5  clusters.  That  is,  the  Ettersburg  121  plants  continued  to  grow 
and  produce  fruit  buds  all  winter  under  the  short  days  and  low  light 
intensity  of  the  greenhouse,  while  the  fruit  buds  already  formed 
November  7  in  the  other  varieties  developed  but  no  others  formed. 
Ettersburg  121  produced  fruit  buds  under  such  conditions  even  more 
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freely  than  Missionary  and  others  of  its  group.  The  average  leaf 
area  of  Ettersburg  121  plants  in  this  series  was  nearly  30  times  that 
of  the  Pearl  (two  plants  died),  over  10  times  that  of  Mastodon,  6 
times  that  of  Howard  17,  and  over  4  times  that  of  Bellmar. 

Within  the  groups  different  varieties  showed  notable  differences, 
each  sort  having  apparently  characteristic  responses  to  light  intensity 
or  temperature  or  a  combination  of  both.  Thus  in  the  November  7 
series  the  leaf  area  of  Missionary  plants  when  given  added  light  was 


<dfe  aw  4fc^ 


Figure  5.— Responses  of  Dunlap  (A),  Mastodon  (B),  Klondike  (C),  and  Howard  17  (Z>)  to  artificial  light 
to  supplement  normal  daylight  at  Washington,  D.C.,  from  December  18,  1929:  to  March  10,  1930  at 
Normal-day  plants;  6,  plants  receiving  normal  daylight  plus  200-watt  lights  to  10  p.m.;  c,  plants  receiv- 
ing normal  daylight  plus  1,000-watt  lights  to  10  p.m. 

not  as  great  as  for  the  normal-day  plants,  while  for.  the  Blakemore 
the  leaf  area  was  greater  the  more  intense  the  light  given.  After  a 
brief  low  temperature  rest  period,  however,  the  Missionary  as  well 
as  the  Blakemore  made  a  very  vigorous  vegetative  growth  which  was 
greater  the  more  intense  the  light  given. 

The  petiole  length  was  also  found  to  be  affected  in  a  characteristic 
manner  by  the  length  of  the  daily  light  period,  and  the  length  of  the 
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tallest  petiole  on  each  plant  was  taken  as  a  measure  of  this  response 
of  the  variety  to  light  conditions.  The  last  column  in  table  2,  giving 
the  petiole  lengths  in  series  2  and  the  plants  in  figures  5  to  8,  show 
the  much  greater  length  of  the  petioles  under  additional  daily  light. 
After  a  long  period  in  the  greenhouse  as  represented  by  the  figures 
for  tallest  petiole  in  series  2  the  petiole  lengths  of  some  of  the  normal- 
day  plants  may  become  nearly  as  long  as  those  on  the  200-watt  or 
1,000-watt  plants. 

Development  equal  to  that  of  out  of  doors  in  summer  did  not  take 
place  in  the  normal-day  plants  during  November,  December,  and 
January.  Development  approaching  that  of  out  of  doors  in  character 
but  at  a  much  slower  rate  took  place  in  Bedarena,  Blakemore, 
Ettersburg  121,  Excelsior,  Klondike  (fig.  5,  (J),  Missionary  (fig.  2, 
E),  Southland  (fig.  2,  B),  Fragaria  vesca  semperHorens  Duch.  (fig. 
6,  A)y  F.  chiloensis  Duch.  (fig.  6,  B),  and  F.  moschata  Duch.  Notice- 
able growth  occurred  in  Bellmar  (fig.  4),  Deutsch  Evern,  Fendalcino, 
Heflin,  Judith,  and  Marshall.  Slight  growth  occurred  in  F.  vesca 
alba,  F.  virginiana  (27)  Duch.  (fig.  6,  C),  Howard  17  (fig.  2,  D,  and  5, 
D),  Sybil,  Narcissa,  and  U.S.D.A.  682.  Practically  no  growth  oc- 
curred in  Aroma,  Chesapeake,  Clermont,  E.  Versin,  Gene,  Mme. 
Moutot,  Portia,  and  a  variety  from  the  Azores,  while  Annas  de 
Guemene,  Colvert,  Dr.  Hogg,  Dunlap  (fig.  5,  A),  Fragaria  sp.3, 
Fragaria  sp.4,  Mastodon,  and  Pearl  actually  became  weaker. 

Fewer  flowers  with  pollen-filled  anthers  were  produced  under  lights 
than  under  field  conditions.  Anthers  lacking  pollen,  together  with 
green  and  partially  developed  petals,  were  also  characteristic  of  flowers, 
produced  in  the  greenhouse  by  plants  without  artificial  illumination 
and  may  be  assumed  to  be  due  to  malnutrition  associated  with  too 
short  light  periods  or  too  low  light  intensity.  Such  flowers  have  been 
seen  in  the  field  in  winter  at  Willard,  N.C.  The  mature  fruit  of  most 
varieties  (when  ripened  in  the  greenhouse)  was  intensely  acid  and 
not  of  high  flavor.  This  was  especially  noticeable  with  Howard  17, 
Blakemore,  Missionary,  and  Excelsior.  In  contrast,  Fairfax  and 
U.  S.  D.  A.  nos.  1015  and  682  had  very  high  flavor,  whereas  Marshall 
and  Deutsch  Evern  had  good  flavor  under  the  same  conditions.  These 
results  correspond  to  those  of  the  New  York  (Geneva)  State  Agri- 
cultural Experiment  Station  (14),  with  shading  experiments  out  of 
doors,  and  indicate  a  need  for  greater  light  intensity  under  glass  for 
the  production  of  high-flavored  fruits  of  many  sorts. 

The  total  flower  production  of  57  varieties  of  strawberries  (table  3) 
in  series  1  up  to  January  27  after  nearly  3  months'  exposure  to  normal 
day,  200-watt  and  1,000-watt  lights,  was  226,  1,612,  and  2,622  flowers, 
respectively,  and  after  approximately  the  same  length  of  time  for  the 
December  18  series  (series  2)  it  was  647,  1,480,  and  1,584  flowers  for 
the  normal  day,  200-watt  and  1,000-watt  lights.  In  general,  flower 
production  in  series  1  was  fastest  in  the  1,000-watt  lot,  about  2  weeks 
slower  in  the  200-watt  lots,  and  9  weeks  slower  in  the  normal-day  lot. 
In  series  2,  however,  there  was  little  difference  between  the  1,000-watt 
and  the  200-watt  lots,  whereas  the  normal-day  lot  was  about  2  weeks 
behind.  However,  as  indicated  by  the  record  for  Ettersburg  121  in 
series  1,  far  more  fruit  buds  and  flowers  are  produced  by  some  varieties 
under  the  normal  daylight  of  winter  than  under  the  longer  periods 
obtained  by  the  use  of  electric  lights. 

3  A  wild  strawberry  native  to  Manchuria,  collected  by  Dorsett. 
*  A  wild  slrawberry  native  to  Kashmir,  collected  by  Harlan. 
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Figure  6.— A,  Fragaria  vesca  semperflorens  Duch.  This  variety,  Erige  du  Poitou,  of  the  European  wood 
strawberry,  grew  well  under  the  normal  light  of  winter  at  Washington,  D.C.  (a);  and  only  slightly  better 
under  the  normal  light  plus  the  200-watt  and  1,000-watt  lights  for  part  of  each  night  (6  and  c)  from  Novem- 
ber 7  to  January  6.  Note  the  runners  produced  on  both  the  200-watt  and  the  1,000-watt  plants.  B, 
Fragaria  chiloensis.  This  selection  of  the  wild  beach  strawberry  of  the  Pacific  coast  grew  fairly  well 
under  the  normal  light  of  winter  at  Washington,  D.C.,  (a),  but  started  flowers  if  given  in  addition 
200-watt  lights  (b),  and  flowers  and  runners  under  1,000-watt  lights  (c)  from  November  7  to  January  6, 
1930.  C,  Fragaria  virginiana  (27).  This  selection  of  the  wild  strawberry  of  eastern  North  America  was 
unable  to  grow  under  the  normal  light  of  winter  at  Washington,  D.C,  (a),  but  when  given  additional 
light  by  the  use  of  200-watt  (6),  or  1,000-watt  (c)  lights,  November  7  to  January  6,  vigorous  growth 
resulted. 
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Considering  both  series,  Missionary  produced  flowers  the  quickest 
of  any  variety  under  normal  light  conditions  of  winter  and  almost  as 
many  flowers  under  the  200-watt  light  as  under  the  1,000-watt. 
Fruit-bud  production  continued  throughout  the  winter  just  as  it  does 
in  Florida.  This  further  indicates  the  adaptability  of  this  variety 
to  short  days  of  low  light  intensity,  such  as  occur  in  winter  in  Florida. 
The  production  of  runners  by  the  Missionary  under  the  200-watt  and 
1,000-watt  lights  indicates  that  this  variety  quickly  becomes  vegetative 
under  longer  days.  Of  the  other  varieties,  Heflin  was  the  nearest 
like  Missionary  in  flower  production.  Blakemore,  Southland,  and 
Klondike  also  made  a  response  similar  to  Missionary,  which  corre- 
sponds to  their  adaptation  to  southern  States  where  the  Missionary 
succeeds  best. 

The  opposite  extreme  in  response  was  made  by  such  varieties  as 
Aroma,  Chesapeake,  Dunlap,  and  Mastodon.  Under  the  short  days 
and  low  light  intensity  of  the  normal  winter  day  the  Aroma  and 
Chesapeake  grew  very  little,  their  petals  were  greenish,  and  the 
flowers  only  partially  developed.  Their  development  under  field 
conditions  indicates  their  adaptation  to  regions  (Maryland  to  Mis- 
souri) with  relatively  long  days.  The  Dunlap  used  in  these  experi- 
ments also  grew  little  and  bore  greenish  petals.  Waldo  (15)  has  shown 
that  it  develops  its  fruit  buds  fairly  early  and  quickly,  whereas  the 
Chesapeake  and  Aroma  develop  their  fruit  buds  later  and  more 
slowly.  The  Dunlap  is,  therefore,  adapted  to  regions  farther  north 
than  the  Chesapeake  and  Aroma,  where  onset  of  cold  weather  and 
of  the  dormant  period  follows  soon  after  shortening  of  the  daylight 
periods  in  the  fall.  Mastodon,  an  everbearing  sort,  under  the  normal 
day  grew  feebly  at  first  and  finally  failed  to  make  any  growth;  even 
under  the  1,000-watt  lights  growth  was  not  normal. 

Although  the  Ettersburg  121  made  an  exceptionally  vigorous 
growth  under  the  normal  day  it  did  not  produce  flowers  until  late. 
Its  vigorous  vegetative  growth  and  production  of  flowers  in  the  green- 
house under  the  normal  winter  day  indicate  its  adaptation  to  regions 
where  conditions  are  favorable  for  growth  and  fruit-bud  differentia- 
tion in  late  fall  and  winter.  Such  conditions  are  found  in  the  Pacific 
Northwest  where  this  variety  is  grown  commercially.  There  Etters- 
burg 121  does  not  start  fruit-bud  formation  until  about  November  1, 
which  is  usually  after  the  rainy  season  has  started  and  the  plants  are 
in  vigorous  growth.  Then,  as  its  leaves  are  entirely  evergreen  during 
the  mild  winters  there,  many  fruit  buds  are  differentiated  and  become 
well  developed  by  spring.  Conditions  are  also  favorable  for  growth 
and  fruit-bud  differentiation  in  winter  in  Florida  and  other  parts  of 
the  Southeast,  but  the  temperatures  in  summer  are  too  high  for  this 
sort. 

The  Howard  17  did  not  grow  in  the  normal-day  lot  of  series  1  and 
very  little  in  the  corresponding  lot  of  series  2.  Its  growth  in  the 
200-watt  and  1,000-watt  lots  was  not  entirely  normal  but  was  much 
better  in  series  2  than  in  series  1. 

The  Bellmar,  a  cross  between  Missionary  and  Howard  17,  resembles 
the  latter  more  than  the  former  in  its  behavior.  It  grew  slowly  with 
many  green-petaled  flowers  under  the  normal  day  of  winter  in  series 
1  but  much  better  in  series  2.  Even  in  the  200-watt  lot  of  series  1 
many  petals  were  greenish  and  the  fruit  abnormal. 
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The  Marshall  responds  more  like  the  Bellmar,  but  did  not  develop 
satisfactorily  in  any  lot.  Although  flowering  was  advanced,  this 
variety  seems  to  be  one  of  the  least  affected  by  the  daylight  period  as 
such.  In  the  field  it  is  adapted  to  northern  regions,  but  it  is  also 
raised  extensively  in  California  where  the  days  are  more  than  13 
hours  long  in  May  and  more  than  14  hours  in  June;  in  fact,  the  highest 
yields  known  in  this  region  are  of  the  Marshall  variety.  Apparently 
some  other  condition  besides  light  affects  adaptation  in  that  region. 

These  responses  of  the  different  varieties  again  correspond  to  the 
known  adaptation  of  varieties  in  the  field.  Missionary  is  best  adapted 
to  Florida  with  its  short  winter  days  and  Blakemore  for  the  regions 
with  somewhat  longer  days  north  of  Florida.  Ettersburg  121  succeeds 
best  by  far  in  western  Oregon  where  it  develops  fruit  buds  all  winter 
in  the  short  days  and  low  light  intensity  but  does  not  succeed  in 
the  Southeast,  apparently  because  of  high  summer  temperatures. 
On  the  other  hand,  Missionary  does  not  succeed  in  the  Northwest 
because  the  prevailing  winter  temperatures  are  too  low.  Chesapeake 
needs  the  longer  days  though  not  necessarily  the  rest  period  of  the 
Northern  States.  Howard  17  needs  the  longer  days  and  a  rest 
period,  while  Mastodon  needs  not  only  long  days  and  a  rest  period 
but  more  intense  light  as  well. 

EXPERIMENTS  IN  1930-31  AND  1931-32  IN  THE  GREENHOUSE 

During  the  winters  of  1930-31  and  1931-32  experiments  were 
carried  on  both  at  Corvallis,  Oreg.,  and  at  Washington,  D.C.,  under 
the  same  general  plan  as  in  1929-30.  To  a  considerable  extent  the 
work  was  designed  to  discover  measures  for  the  evaluation  of  new 
sorts.  Length  of  leaf  petioles  and  number  of  new  leaves,  runners, 
and  flowers  produced  under  normal  light  during  the  winter  were  all 
found  useful,  and  in  general  were  similar,  measures  of  varietal 
response  to  conditions.  Tables  4  and  5  give  the  average  petiole 
length  and  number  of  new  leaves  produced  by  the  1930-31  series  of 
varieties  grown  in  the  greenhouse  at  Washington. 

Table  4. — Average  length  of  petioles  of  all  leaves  produced  from  Nov.  17,  19S0,  to 
Feb.  1,  1931,  and  from  Jan.  2  to  Apr.  30,  1931,  at  Washington,  D.C. 


Variety  and  species 


Ettersburg  121. 

Southland 

Corvallis 

Redheart 

Missionary 

U.S.D.A.  682... 

U.S.D.A.  1021 

U.S.D.A.  542 

Blakemore 

Aroma 

Dorsett 

Howard  17  (Premier) 

U.S.D.A.  652 

Bellmar 

Marshall 

Fairfax 

Dunlap. 


Nov.  17, 1930-Feb.  1, 1931 


Normal 
day 


Cm 


200- 
watt 
light 


Cm 
29 
34 
20 
24 
31 
17 
23 
26 
23 
18 
29 
28 
25 
24 
13 
19 


1,000- 
watt 
light 


Cm 
27 
34 
26 
32 
38 
27 
27 
33 
30 
24 
34 
26 
28 
30 
22 
23 
15 


Jan.  2,  1931-Apr.  30,  1931 


Normal  day 


October 
plants 


Cm 
22 
21 
19 
15 
24 
13 
13 
12 
14 
9 
13 
14 
10 
15 
8 
8 


Janu- 
ary 
plants 


Cm 
33 
32 
20 
41 
39 
32 
33 
39 
40 
24 
25 
39 
32 
38 
27 
38 
22 


200-watt  light 


October 
plants 


Cm 
31 
51 
34 
33 
46 
28 
34 
36 
33 
26 
35 
37 
39 
32 
14 
23 
10 


Janu- 
ary 
plants 


Cm 
31 
36 


1,000-watt  light 


October 
plants 


Cm 
35 
48 
37 
37 
50 
45 
36 
43 
41 
29 
43 
38 
47 
43 
25 


Janu- 
ary 
plants 


Cm 
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Table  4. — Average  length  of  petioles  of  all  leaves  produced  from  Nov.  17,  1930,  to 
Feb.  1,  1931,  and  from  Jan.  2  to  Apr.  30,  1931,  at  Washington,  D.C.— Con. 


Nov.  17, 1930-Feb.  1, 1931 

Jan.  2,  1931-Apr.  30,  1931 

Variety  and  species 

Normal 
day 

200- 

watt 
light 

1,000- 
watt 
light 

Normal  day 

200-watt  light 

1,000-watt  light 

October 
plants 

Janu- 
ary 
plants 

October 
plants 

Janu- 
ary 
plants 

October 
plants 

Janu- 
ary 
plants 

F.  vesca  (Edge  du  Poitou) 

F.     chiloensis      (Reedsport, 
Oreg.)  •    -. 

Cm 
22 

22 
18 
18 
17 
16 
16 

15 

12 
10 
9 
9 

7 

Cm 
29 

30 

25 
27 
25 
19 
20 

23 

24 
21 
31 
30 

16 

Cm 
33 

29 
33 
25 
32 
26 
26 

23 

32 
22 
31 
30 

16 

Cm 
25 

18 
20 
21 
20 
20 
25 

19 

14 
14 
15 
11 

9 

Cm 
34 

27 
25 
30 
20 
22 
21 

26 

15 
23 
35 
36 

15 

Cm 
36 

33 
34 
36 
35 
31 
27 

29 

30 
29 
49 
37 

21 

Cm 
34 

32 
35 
37 
33 

"~~27~ 

31 

35 
21 
42 
37 

20 

Cm 
39 

31 
39 
38 
41 
34 
31 

27 

37 
32 
50 
34 

24 

Cm 
36 

32 

34 

F.  chiloensis  (10— A)1 .  . 

33 

F.  chiloensis  (10-B)1 ..  . 

F.  chiloensis  (5-A)1 

30 

F.cuneifolia  (Cox)1 

F.  cuneifolia  (Rocky  Moun- 
tains 9)1   .                       _-.^ 

29 

F.  moschata  (var.  M.  Haut- 
bois) 

28 

23 

F.  virginiana  (27)  L.  . 

42 

F.  virginiana  (N.Dak.)1 

F.  cuneifolia  (Rocky  Moun- 
tains 5) !_ 

40 
23 

11.4 

23.7 

27.8 

15.6 

29.4 

32.1 

2  36.5 

36.6 

3  36.2 

Accession  number  or  source. 


Average  of  28  varieties. 


Average  of  27  varieties. 


Table  5. — Average  number  of  new  leaves  produced  by  varieties  and  species  from 
Jan.  2  to  Apr.  30,  1931,  at  Washington,  D.C. 


Normal  day 

200-watt  light 

1,000-watt  light 

Variety  and  species 

October 
plants 

January 
plants 

October 
plants 

January 
plants 

October 
plants 

January 
plants 

Ettersburg  121 

21 
20 

20 
15 
15 
13 
13 
11 
10 
10 
9 
9 
9 
8 
8 
8 
7 
37 
35 
32 
25 
22 
21 
20 
18 
18 
16 
15 
13 
9 

17 
18 
14 
12 
14 
11 
12 
11 
6 
12 
9 
11 
8 
9 
8 
8 
9 
15 
26 
22 
18 
9 
16 
9 
9 
10 
12 
15 
11 
9 

36 
36 
22 
14 
10 
20 
15 
12 
17 
15 
13 
16 
11 
13 
14 
8 
7 
32 
44 
50 
34 
9 

36 
25 
16 
11 
12 
23 
22 
11 

16 
17 
14 
10 
11 
14 
12 
14 

31 
35 
30 
17 
18 
20 
17 
11 
18 
17 
21 
21 
18 
12 
15 
11 
9 
53 
74 
92 
44 
34 
47 
23 
17 
10 
16 
42 
39 
15 

13 

Dorsett _. 

23 

U.S.D.A.  542    .,         

12 

12 

11 

U.S.D.A.  1021 

11 

Fairfax.    

13 

Southland 

11 

15 
8 
10 
7 
10 
8 
8 
10 
26 
30 
14 
17 

11 

10 

U.S.D.A.  652...                          

10 

8 

U.S.D.A.  682.. 

10 

Aroma 

8 

Marshall..  

8 

9 

20 

F.  cuneifolia  (Rocky  Mountains  5)1 

F.  cuneifolia  (Rocky  Mountains  9)1 

F.cuneifolia  (14)1  .. 

30 
20 
19 

18 
9 
9 
9 
10 
16 
14 
9 

15 

F.  virginiana  (27)  •  ..                    

9 

F.  chiloensis  (Reedsport,  Oreg.)1 

10 

F.  chiloensis  (5-C)1 

11 

F.  chiloensis  (10-A)i 

14 

21 

F.  chiloensis  (10-B)1 

17 

16 

.  12 

20 

2  13 

28 

3H 

1  Accession  number  or  source. 


Average  of  28  varieties. 


3  Average  of  27  varieties. 
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As  measured  by  the  average  petiole  length  of  leaves  produced  up 
to  February  1,  many  of  the  selections  of  species  {Fragaria  chiloensis, 
all  5  selections,  and  F.  cuneifolia  Nutt.  (Cox))  grew  much  better  than 
did  any  of  the  varieties,  and  the  varieties  adapted  to  southern  States 
and  the  West  (except  Marshall)  grew  better  than  the  northern  and 
eastern  ones. 

When  given  additional  light  the  petioles  averaged  over  twice  as 
long  at  the  end  of  the  test  as  when  normal  daylight  only  was  used 
(23.7  cm  as  compared  with  11.4  cm).  Petiole  length  of  new  leaves 
produced  under  the  normal  light  of  late  fall  or  in  the  winter  seems 
to  be  one  of  the  readily  observable  and  easily  determined  measures  of 
the  adaptation  of  varieties.  Varieties  producing  the  longest  petioles 
during  this  period  are  best  adapted  to  sections  with  the  shortest  days 
at  the  time  of  fruit-bud  formation  in  the  Northwest  and  of  fruit 
production  in  the  South. 

Petiole  length  and  branching  habit  of  the  flower  clusters  have  been 
found  to  be  two  very  useful  characteristics  in  judging  varietal  adap- 
tation, even  in  the  field.  In  the  greenhouse,  leaf  and  flower  produc- 
tion in  the  winter  can  be  used  also. 

As  shown  by  the  averages  in  table  5,  more  leaves  were  produced 
from  January  to  April  by  the  plants  brought  into  the  greenhouse  in 
October  than  by  the  January  series,  whether  under  normal  daylight, 
under  the  200-watt  or  under  the  1,000-watt  lights.  This  was  re- 
markable because  the  October  plants  produced  nearly  60  percent 
more  flowers  during  the  same  period.  The  number  of  leaves  in  the 
October  series  was  least  on  the  normal-day  and  greatest  on  the  1,000- 
watt  plants;  in  the  January  series  there  was  practically  no  difference 
in  the  various  lots.  The  use  of  additional  light  on  the  average  re- 
sulted in  no  increase  in  leaf  number.  In  the  October  series  the  differ- 
ent varieties  and  species  produced  widely  different  numbers  of  leaves. 
Several  selections  of  species  produced  more  new  leaves  than  did  any 
of  the  varieties,  and  this  held  true  for  each  light  condition.  Appar- 
ently no  varieties  respond  as  vigorously  to  greenhouse  conditions  as 
do  some  of  the  species  tested.  It  may  be  significant  that  the  relative 
numbers  of  leaves  produced  by  the  October  plants  of  the  selections 
from  the  Rocky  Mountains  where  light  is  intense  are  much  larger 
under  the  1,000-watt  lights  (92  and  74)  than  those  for  other  species 
and  varieties. 

The  number  of  flowers  produced  by  plants  in  the  two  series  for  the 
different  light  conditions  corresponds  closely  with  the  number  of  new 
leaves  produced.  The  January  series  produced  about  the  same  num- 
ber of  flowers  in  each  lot  and  less  than  the  October  series.  In  the 
latter  series  there  was  an  increase  in  number  of  flowers  from  the  nor- 
mal-light to  the  1,000-watt  lots.  The  number  of  flowers  produced  by 
Ettersburg  121  in  the  October  series  normal-day  lot  (64.3)  and  the 
number  produced  by  the  selection  of  Fragaria  virginiana  (N.Dak.) 
from  North  Dakota  in  the  October  series  under  200  watts  (52.5)  and 
under  1,000  watts  (154.8)  are  the  most  outstanding.  The  Ettersburg 
121  produced  the  most  flowers  under  the  shortest  days  of  winter  with- 
out extra  light,  but  F.  virginiana  (N.Dak.),  produced  the  most  when 
the  extra  light  used  was  most  intense. 
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RESPONSE  TO  DROUGHT  AND  CONTINUED  FRUITING 

Two  specific  effects  of  conditions  noted  are  worthy  of  mention. 
The  severe  drought  of  1930  in  Maryland,  which  continued  through  the 
fall  and  early  winter,  prevented  many  plants  from  forming  fruit  buds 
and  delayed  fruit-bud  formation  in  others.  As  a  result  fruit  buds 
formed  early  on  some  varieties,  late  on  some,  and  not  at  all  on  others. 
Early  fruit-bud  formation  stunted  the  plants  in  comparison  with  late 
fruit-bud  formation.  This  effect  is  sometimes  seen  under  field  condi- 
tions where  the  fruit  bud  has  for  some  reason  not  formed  or  has  been 
killed. 

The  second  effect  relates  to  a  difference  between  plants  brought 
into  the  greenhouse  in  October  and  those  brought  in  in  January.  Fig- 
ure 7  shows  plants  of  these  two  series  the  following  August.     The  plant 


Figure  l.—Fragaria  virginiana  (27),  grown  in  the  greenhouse  under  normal  daylight  and  photographed  at 
Washington,  D.C.,  August  1931:  A,  This  plant  was  taken  into  the  greenhouse  in  October  1930  before  it 
had  had  a  low-temperature  rest  period.  It  fruited  throughout  the  spring  and  summer.  B,  This  plant 
was  taken  into  the  greenhouse  on  January  2, 1931,  after  it  had  had  a  low-temperature  rest  period.  It  pro- 
duced a  crop  in  early  spring,  but  thereafter  it  produced  only  runner  plants. 

to  the  left  (October)  continued  fruit-bud  formation  during  the  winter, 
spring,  and  summer;  while  the  plant  to  the  right  (January)  developed 
only  the  fruit  buds  already  started  and  from  then  on  produced  only 
runners  and  runner  plants.  The  dormant  period  during  November 
and  December  made  such  a  change  in  the  plants  that  no  further  fruit- 
bud  differentiation  took  place.  Similar  effects  in  the  field  may  be 
seen  in  the  States  from  North  Carolina  south  and  along  the  coast  in 
California.  New  plantings  in  those  regions  bear  little  or  no  fruit  the 
first  year,  but  having  made  fruit  buds  during  the  fall  and  winter,  the 
plants  tend  to  continue  to  form  them  during  the  short  days  of  spring. 
In  southeastern  regions,  with  high  summer  temperatures  near  the 
coast,  this  tends  to  stop  by  July,  but  in  the  San  Jose-Watsonville  area 
along  the  coast  in  California,  where  it  is  rather  cool,  fruit-bud  forma- 
tion continues  throughout  the  summer  and  fall  and  makes  possible 
the  highest  yields  known  in  the  world. 
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The  records  of  the  relative  quantities  of  berries  produced  week  by 
week  in  1928  and  1929  for  the  San  Jose-Watsonville  region  of  Cali- 
fornia are  shown  in  figure  8.  The  graphs  for  both  years  show  pro- 
duction peaks  for  May,  the  peak  for  1928  being  about  2  weeks  earlier 
than  that  for  1929  due  to  a  warmer  April  and  May  (2.6°  F.  higher 
average  daily  mean  temperature  for  April  and  2.4°  higher  average 
mean  for  May  at  San  Jose).  Following  the  production  peaks,  the 
graphs  show  low  points  for  production  for  the  last  of  June  and  during 
July  1929,  but  relatively  higher  points  for  the  same  periods  in  1928. 
This  late  production  came  from  fruit  buds  formed  later  than  those 
which  developed  into  the  May  and  early  June  crop  and  apparently 
initiated  during  January,  February,  and  March.  An  inspection  of 
the  temperatures  at  San  Jose  for  these  months  shows  mean  tempera- 
tures below  normal  for  each  of  the  3  months  in  1929  and  above  normal 
for  each  in  1928.  It  mav  be,  therefore,  that  mean  temperatures  for 
January,  February,  and"  March  1929  of  45.1°,  48.8°,  and  53.4°, 
respectively,  were  too  low  and  those  of  48.6°,  52.2°,  and  57.8°  for 
the  same  months  in  1928  were  high  enough  to  be  favorable  for  fruit- 
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Figure  8.— Strawberry  shipments  per  week  from  the  San  Jose-Watsonville  area  of  California  for  1928  and 
1929,  illustrating  the  effect  of  daily  light  periods  and  temperature  in  initiating  fruit  buds  and  in  fruit 
production  throughout  the  summer  and  fall.    Shipments  in  chests  of  72  pounds  each. 

bud  initiation  in  the  Marshall  and  Nich  Ohmer  varieties  in  the  short- 
day  lengths  of  winter  there. 

In  western  Oregon  and  Washington  the  summers  are  as  cool  as  in  the 
San  Jose-Watsonville  area,  and  but  very  little  fruit  is  produced  in  the 
summer.  It  is  cold  enough  so  that  the  Marshall  plants  apparently 
become  dormant  in  the  winter,  and  when  this  dormant  period  is  over 
more  fruit  buds  are  not  ordinarily  initiated.  Moreover,  the  days  are 
so  long  that  fruit  buds  would  not  develop  extensively.  In  the  central 
valley  of  California  where  the  days  are  the  same  length  as  in  the 
coastal  area,  winter  .temperatures  average  lower  than  at  San  Jose, 
but  the  summer  temperatures  are  so  high  that  relatively  little  fruit 
is  produced  after  early  summer  as  compared  with  the  San  Jose- 
Watsonville  area.  In  the  Southeastern  States  where  similar  condi- 
tions occur,  fall-  and  winter-formed  fruit  buds  develop  into  the 
"ground  "  crop  and  spring-formed  fruit  buds  develop  into  the  "crown  " 
crop,  which  lasts  until  hot  weather  in  June  or  July  stops  their  develop- 
ment. Apparently,  therefore,  fruit-bud  formation  is  dependent  on 
the  relation  between  temperature  and  day  length,  and  each  variety 
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may  be  assumed  to  have  a  characteristic  response  to  day  length  and 
temperature. 

The  experiments  of  1926  showed  that  night  temperatures  had  a 
great  effect  on  plant  growth,  and  it  is  possible  that  definite  ratios  of 
daylight  temperatures  to  those  after  dark  for  different  varieties  will  be 
found  which  are  most  favorable  for  specific  types  of  plant  growth. 
In  the  studies  reported  in  1930  (5)  there  were  indications  that  leaf 
growth  was  greatest  when  the  night  temperatures  were  more  than 
10°  F.  below  optimum  daylight  temperatures.  These  studies  have 
not  indicated  how  important  increased  humidity  with  recovery  of 
turgor,  decreased  respiration,  or  other  conditions  may  be  in  this 
connection. 

EFFECT  OF  LATE  FALL  ON  THE  SUCCEEDING  CROP 

The  California  production  records  and  other  evidence  indicate 
that  the  fall  conditions  may  have  an  important  effect  on  the  succeeding 
spring  crop.  If  fruit-bud  formation  is  initiated  by  definite  tempera- 
ture and  daily  light  relations,  then  the  extent  of  fruit-bud  develop- 
ment should  be  determined  by  the  length  of  time  the  favorable 
relationship  continues.  This  is  proved  by  the  production  records 
in  Florida  as  well  as  in  California.  In  Florida  fall  conditions  are  con- 
tinued to  an  extent  throughout  the  winter;  the  fruit  buds  develop 
into  flowers,  the  flowers  into  berries,  and  the  berries  are  harvested 
from  December  to  June.  In  nearly  every  section  fall  seasons  have 
been  known  where  fruit-bud  formation  and  development  continued 
until  late  and  the  flowers  opened;  sometimes  even  the  fruit  ripened. 

Although  the  late  falls  may  result  in  some  flowers  opening  and  being 
killed,  many  growing  points  which  might  have  continued  as  vegetative 
buds  become  fruit  buds  and  the  longer  the  fall  growing  period  the 
greater  the  spring  crop.  Waldo  (15),  however,  has  shown  that  fruit 
buds  of  different  varieties  tend  to  develop  at  different  rates,  which  has 
often  obscured  the  effect  of  late  falls. 

Moreover,  varieties  start  their  rest  periods  under  different  tem- 
perature-light conditions.  In  the  Willamette  Valley  of  Oregon  the 
Marshall  begins  fruit-bud  differentiation  about  September  1  but 
becomes  relatively  dormant  with  the  first  hard  frosts.  The  Etters- 
burg  121  variety,  however,  starts  making  fruit  buds  late  in  October 
and  continues  throughout  the  winter  (§).  Late  mild  fall  seasons 
favor  extensive  fruit-bud  development  in  the  Marshall,  whereas  a 
mild  winter  favors  it  in  the  Ettersburg  121. 

The  leaf  area  for  16  kinds  under  normal  daylight  after  about  3 
months  (Nov.  11  to  Feb.  7)  in  the  greenhouse  was  as  follows: 


Average  leaf  area,  on  February  7,  1981,  of  strawberry  plants  put  in  the  greenhouse 
November  11,  1930,  at  Corvallis,  Oreg. 


Leaf 
Tr      .  .  .  area, 

Variety  or  species:  cm* 

U.S.D.A.  911 290 

Wickson 211 

Redheart 207 

F  rag  aria  chiloensis  (10-B) 197 

U.S.D.A.  1021 181 

Corvallis 166 

Ettersburg  121 159 

Howard  17 138 


Leaf 

s>>  ,  •  i  area> 

Variety  or  species — Continued.  cm* 

Southland 130 

Missionary 128 

Blakemore 99 

U.S.D.A.  682 92 

Bellmar 82 

Clark 76 

Marshall 66 

Dunlao 26 


RESPONSES    OF    STRAWBERRIES    TO    LIGHT 


21 


It  should  be  noted  that  U.S.D.A.  911  (KaliceneXRockhill), 
Wickson,  Redheart,  Fragaria  chiloensis  (1Q-B),  U.S.D.A.  1021  (Kalicene 
X  Howard  17),  Corvallis,  and  Ettersburg  121  with  the  greatest  leaf 
area  are  derived  wholly  or  in  part  recently  from  the  wild  F.  chiloensis; 
whereas  Dunlap,  Marshall,  Clark,  Bellmar,  U.S.D.A.  682,  Blakemore, 
and  Missionary,  which  have  the  least  leaf  area  in  this  series,  are  not 
derived  recently  from  F.  chiloensis.  The  first  7  sorts  had  147  percent 
more  leaf  area  than  the  second  7  varieties.  Vigorous  growth  response 
under  the  short  days  of  midwinter  in  cultivated  varieties  is  inherited 
from  F.  chiloensis  (fig.  9);  Missionary  and  Blakemore  of  the  second 


Figure  9.— Growth  of  strawberry  species  and  varieties  under  normal  light  from  November  11,  1930,  to 
January  31,  1931,  Corvallis,  Oreg.:  A,  Species  Fragaria  virginiana,  F.  cuneifolia,  F.  chiloensis,  and  F. 
californica;  B,  varieties  Clark,  Dunlap,  Corvallis,  and  U.S.D.A.  1021.  Considerable  growth  has  been 
made  by  F.  chiloensis,  F.  californica,  Corvallis,  and  U.S.D.A.  1021.  The  latter  two  varieties  have 
descended  in  part  recently  from  F.  chiloensis  and  respond  much  like  it.  The  others,  Clark  and  Dunlap, 
respond  more  like  F.  virginiana. 

lot  of  7  are  especially  adapted  to  relatively  short-day  regions  in  the 
Southeast,  probably  inheriting  this  characteristic  from  F.  virginiana. 
In  table  6  is  given  the  average  leaf  area  on  April  7,  1931,  of  nine 
varieties  and  species  of  strawberries  which  were  grown  at  Corvallis, 
Oreg.,  under  daily  light  periods  ranging  from  normal  light  of  winter  to 
continuous  light  under  500-watt  lights  only.  There  is  little  evidence 
in  this  table  of  the  relative  value  of  the  4-  and  7-hour  exposures  for 
different  sorts  from  the  leaf  area  records  taken  after  3  and  5  months. 
Both  Ettersburg   121    and  Blakemore,   however,   had   considerably 
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greater  leaf  area  under  the  7-hour  than  under  the  4-hour  exposure. 
Exposure  for  14  hours  on  the  average  resulted  in  distinctly  less  leaf 
area,  while  continuous  exposure  to  electric  light  resulted  in  the  poorest 
growth  of  any  (fig.  10).  Under  continuous  exposure  to  500-watt 
lights  only,  Marshall,  Fragaria  cuneifolia  (14),  Blakemore,  Howard  17, 
and  Ettersburg  121  produced  flower  buds  and  flower  clusters;  whereas 
only  F.  cuneifolia  (14),  Ettersburg  121,  and  Missionary  produced 
runners. 


Figure  10.— Fragaria  chiloensis  (10-B).  A— a,  Normal-day  plant  November  11  to  February  5;  b,  normal- 
day  plant  January  8  to  February  5;  c,  plant  grown  with  normal  daylight  plus  500-watt  lights  for  7  hours 
each  night,  November  11  to  February  5.  This  selection  has  developed  best  under  the  normal  light  in 
midwinter.  Photographed  February  5,  1931,  at  Corvallis,  Oreg.  B— a,  Normal-day  plant;  b,  plant 
grown  with  normal  daylight  plus  500-watt  lights  for  4  hours;  c,  plant  grown  with  normal  daylight  plus 
500-watt  lights  for  7  hours;  d,  plant  grown  with  normal  daylight  plus  500-watt  lights  all  night;  e,  plant 
grown  with  continuous  500-watt  lights  only  from  November  11  to  April  9,  1931.  Photographed  April  9, 
Corvallis,  Oreg.  After  the  days  lengthened  toward  spring  the  plants  grown  under  500-watt  lights  for 
7  hours  (c)  and  for  all  night  (rf)  produced  many  runners. 


Table  6. — Average  leaf  area  on  Apr.  7,  1931,  of  9  strawberry  varieties  and  species 
at  Corvallis,  Oreg.,  under  normal  daylight,  under  normal  daylight  plus  4,  7,  and 
14  hours  of  500-watt  electric  light,  and  under  continuous  500-watt  lights  only 


Nov.  11  series 

Jan.  8  series 

Variety  or  species 

Nor- 
mal 
light 

+4 

+7 

+14 

24 
hours 

Nor- 
mal 
light 

+4 

+7 

+  14 

24 
hours 

F.  chiloensis  (10-B) 

Cm* 
405 
332 
321 
317 
296 
289 
280 
227 
178 

Cm* 
284 
168 
234 
224 
250 

"233" 
391 
306 

Cm* 

273 
218 
377 
301 
294 
194 
341 
226 
154 

Cm* 
144 
105 
322 
295 
249 

Cm* 
0 
170 
161 
142 
129 

Cm* 
238 
176 
214 
255 
279 
136 
158 
185 
217 

Cm* 
151 
176 
303 
230 
306 

"i§9" 

192 

Cm* 
220 
318 
399 
344 
233 
150 
399 
295 

Cm* 
188 
161 
159 
248 
196 

Cm* 
199 

F.  cuneifolia  (14) 

97 

Ettersburg  121 

151 

Howard  17 

216 

126 

F.  chiloensis  (Hawaii) 

Blakemore 

186 
198 
261 

112 
145 
117 

250 
157 

142 

89 

F.  virginiana  (27)  .. . 
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The  leaves  of  all  sorts  were  small  and  thin  with  long  petioles  and 
were  dark  green  in  color  under  continuous  light.  It  is  possible  to  grow 
strawberries  for  long  periods  under  artificial  light  though  it  is  ap- 
parent that  exposures  to  500-watt  lights  at  the  temperatures  used 
(averaging  about  60°  F.)  do  not  result  in  normal  growth. 

On  September  1,  1931,  before  the  fruit  buds  of  most  sorts  had 
started,  4  to  many  plants  each  of  5  varieties  and  species  were  brought 
into  the  greenhouse  at  Corvallis,  Oreg.  Half  the  plants  were  exposed 
to  500-watt  electric  lights  until  10  p.m.  each  night  in  addition  to  day- 
light throughout  the  fall  and  winter,  the  other  half  received  only  the 
normal  light  of  fall  and  winter.  The  temperature  was  for  the  most 
part  60°  to  70°  F.  These  plants  formed  few  fruit  buds,  either  under 
the  normal  daylight  or  under  normal  daylight  plus  electric  light,  until 
December.  By  January  15,  however,  the  normal-day  and  the  addi- 
tional-light lots  began  to  show  the  differences  owing  to  the  length  of 
day.  The  normal-day  plants  had  averaged  over  a  flower  cluster 
each,  whereas  only  a  few  of  the  plants  under  the  daylight  plus  500- 
watt  lights  had  produced  flower  clusters.  By  February  15  the  normal- 
day  plants  had  averaged  3.8  clusters  each,  and  the  daylight  plus  500- 
watt  plants  only  0.7  cluster  per  plant.  By  June  9  the  control  plants 
had  averaged  20.2  clusters,  but  those  receiving  daylight  plus  the  lights 
had  averaged  only  4.8  clusters  each.  Thus  lengthening  the  daily 
light  period  beginning  September  1  in  general  continued  the  vegeta- 
tive condition  and  stopped  fruit-bud  formation  in  many  varieties 
and  selections  of  species. 

The  plants  of  these  51  varieties  under  normal  daylight  produced 
flower  buds,  but  only  in  December  after  3  to  4  months.  In  the  field 
most  fruit  buds  are  formed  in  September  and  October.  Apparently 
the  formation  of  fruit  buds  is  affected  by  low  temperatures  as  well  as 
by  the  length  of  the  daily  light  periods.  In  the  field  with  short  days 
and  low  temperatures,  fruit  buds  form  quickly;  but  if  the  temperature 
is  kept  near  60°  F.  they  form  after  several  months  instead  of  after  a 
few  days,  or  in  some  varieties  at  most  a  few  weeks  as  they  do  out  of 
doors.  Different  varieties  responded  differently  and  undoubtedly 
have  characteristic  temperature  daily  light  period  responses,  some 
few  even  forming  fruit  buds  at  temperatures  about  60°  F.,  as  in  the 
experiments  1923  to  1926. 

Growth  on  all  the  plants  was  nearly  normal,  although  in  the  normal- 
day  series  the  petioles  were  short  and  the  size  of  the  leaves  small  as 
compared  with  the  daylight  plus  500-watt  plants.  Some  varieties 
even  produced  more  new  leaf  area  under  the  normal-day  than  under 
the  additional  light  conditions.  When  records  of  all  five  varieties 
were  averaged,  however,  the  increased  leaf  area  due  to  the  added  light 
was  3.6  percent  by  October  15,  31.6  percent  from  October  15  to 
December  6,  and  37.2  percent  from  December  6  to  January  15.  The 
successively  smaller  size  of  the  new  leaves  on  the  normal-light  plants 
is  characteristic  of  plants  in  process  of  changing  from  a  vegetative  to 
a  fruiting  condition.  This  temperature-day-length  complex  induced 
a  slow  change  from  a  highly  vegetative  to  a  fruitful  condition. 
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DISCUSSION 

RESPONSE  OF  SPECIES  TYPES 

The  species  that  represents  the  group  from  which  other  species 
have  probably  evolved  is  Fragaria  vesca.  Neither  it  nor  its  close  rela- 
tives (F.  vesca  semperflorens,  F.  vesca  californica,5  and  F.  vesca  alba) 
show  daily  light  requirements  comparable  with  other  forms.  F.  vesca 
is  native  and  adapted  to  regions  from  the  Arctic  Circle  nearly  to  the 
Equator  and  from  high  mountains  to  sea  level.  It  made  greater 
growth  under  the  longer  daily  light  periods  but  was  able  to  make  a 
fairly  vigorous  growth  under  the  shortest  light  periods  of  midwinter 
in  the  low  light  intensity  of  the  greenhouse  at  Washington.  How- 
ever, some  of  the  other  forms  or  species  allied  to  F.  vesca  have  more 
specialized  requirements.  It  would  seem  that  such  allied  species 
have  evolved  from  F.  vesca  or  from  a  prototype  of  that  species  having 
a  similar  light  response. 

The  few  forms  of  Fragaria  moschata  studied  show  less  response  to 
long  daylight  periods  than  most  cultivated  varieties  but  are  more 
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Figure  11.— Fragaria  virginiana  (27):  A,  Under  normal  light  of  winter  at  Corvallis,  Oreg.;  B,  normal  light 
plus  4  hours  daily  of  500-watt  lights;  C,  normal  light  plus  7  hours  of  500-watt  lights;  Z>,  normal  light  plus 
500-watt  lights  dark  to  daylight;  E,  500-watt  lights  only  for  all  24  hours.  Note  the  slight  growth  of  A, 
vigorous  growth  of  B  and  D,  the  ripening  fruit  on  C,  and  the  very  slender  growth  of  E. 

responsive  than  F.  vesca.  F.  moschata  is  a  native  of  central  Europe, 
while  allied  forms  are  found  in  central  Asia.  The  allied  form  of 
Fragaria  sp.,  introduced  by  Harlan  from  Kashmir,  was  particularly 
responsive  to  longer  light  periods. 

The  forms  of  Fragaria  virginiana  (fig.  11)  used  in  these  studies 
showed  greater  response  to  longer  daylight  periods  than  F.  moschata 
and  F.  vesca,  while  some  of  the  forms  of  F.  chiloensis  (fig.  10)  were 
apparently  best  adapted  to  short  days;  others  showed  some  response 
to  longer  light  periods  than  normal  in  midwinter.  Selections  of  F. 
chiloensis  growing  freely  under  short  days  may  be  especially  valuable 
for  use  in  breeding  varieties  for  southern  regions  where  berries  are 
shipped  during  the  winter  months  and  also  in  breeding  varieties  for 
regions  with  winters  sufficiently  mild  so  that  fruit  buds  can  develop 
throughout  the  winter  as  in  parts  of  the  Pacific  Northwest. 

*  Fragaria  vesca  californica  (Cham,  and  Schlecht.)  Darrow  and  Waldo.    F.  californica  Cham,  and 
Schlecht.,  Linnaea  2:  20.    1827. 
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Figure  12  illustrates  the  difference  in  the  length  of  day  in  different 
strawberry  regions.  At  the  bottom  are  bars  to  represent  the  length 
of  daily  light  and  dark  periods  at  Plant  City,  Fla.,  on  January  1  and 
June  21,  and  at  the  top  are  similar  bars  for  Alaska.  There  is  just  a 
little  over  2  hours'  difference  in  the  length  of  the  daylight  period  in 
winter  and  in  summer  at  Plant  City,  whfle  in  Oregon  and  Washington 
between  sunrise  and  sunset  there  is  a  difference  of  about  7  hours, 
plus  an  additional  1  to  2  hours  of  effective  twilight  before  sunrise  and 
after  sunset. 
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Figure  12.— The  length  of  the  daylight  period  for  the  several  strawberry-growing  regions  on  January  1 
and  June  21  is  represented  by  the  length  of  the  uncolored  bars,  the  length  of  the  twilight  effective  for  plant 
growth  by  the  dotted  bars,  and  the  length  of  the  night  by  the  black  bars.  Thus  on  June  21  the  daylight 
period  was  24  hours  long  at  Fairbanks,  Alaska;  the  light  effective  for  growth  about  20  hours  long  in  the 
berry  region  of  southern  Scotland;  in  southern  British  Columbia  and  Washington  State  nearly  18  hours 
long;  in  New  York  about  17  hours;  at  Norfolk,  Va.,  nearly  16  hours;  at  Hammond,  La.,  about  15  hours, 
and  at  Plant  City,  Fla.,  about  14  hours.  At  Plant  City,  Fla.,  on  January  1,  when  berries  are  ripening, 
the  daylight  period  is  11  to  12  hours  long  in  contrast  to  24  hours  of  daylight  at  Fairbanks,  Alaska,  on  June 
21,  when  the  plants  are  flowering  there. 


Fragaria  chiloensis  is  native  to  the  Pacific  coast  from  Alaska  south- 
ward to  central  California  and  in  the  higher  mountains  of  the  Hawai- 
ian Islands.  Thus,  forms  of  this  species  are  native  where  there  are 
nearly  24  hours  of  daylight  during  several  weeks  of  summer  (Alaska), 
and  also  where  there  are  about  12  hours  of  daylight  the  year  through 
(Hawaii).  With  a  species  as  variable  as  this  it  might  be  expected 
that  forms  suited  to  different  day  lengths  might  be  found,  and  this 
has  proved  to  be  the  case.  In  these  tests  several  forms  have  grown 
well  under  short  days. 
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In  figure  9  are  shown  four  species  under  normal  light  of  winter  at 
Corvallis,  Oreg.  Fragaria  chiloensis  (10-B)  shows  much  the  best 
growth,  F.  vesca  californica  the  next,  followed  by  F.  cuneifolia;  F. 
virginiana  (27)  shows  the  least  growth. 

RESPONSE  OF  VARIETIES 

Cultivated  varieties  of  strawberries  are  derived  chiefly  from  Fra- 
garia chiloensis  and  F.  virginiana  but  show  an  even  greater  range  of 
response  to  differences  in  daily  light  exposures  than  do  the  forms  of 
the  species  used  in  these  experiments.  Under  field  conditions  varie- 
ties are  raised  in  Alaska  where  they  have  continuous  light  for  about 
6. weeks  in  summer,  southward  to  high  altitudes  in  the  Tropics  where 
the  daylight  periods  are  about  12  hours  throughout  the  year,  and  in 
Florida  where  in  winter  the  daylight  periods  are  10  to  11  hours  long. 
Cultivated  varieties  are  grown  over  a  greater  range  than  the  native 
habitat  of  the  parent  species — a  little  farther  north  than  the  northern 
limit  of  F.  chiloensis  in  Alaska  and  farther  south  below  the  Equator 
in  South  America.  In  the  light  experiments  some  varieties  grew 
well  in  summer  with  light  periods  only  10  hours  long;  others  grew 
fairly  well  in  the  greenhouse  with  the  periods  as  short  as  9  hours. 

In  the  experiments  of  1924  to  1926,  under  field  conditions  of  high 
light  intensity  and  high  temperatures  in  summer,  growth  continued 
under  8^  to  9  hours  of  light;  in  the  summers  of  1927  and  1928  growth 
continued  under  10  hours  of  light  in  boxes;  while  in  1928  to  1932  in 
the  greenhouse  some  varieties  grew  even  under  the  9-hour  day  of  low 
light  intensity  of  midwinter.  In  1931-32  plants  of  52  varieties  and 
species  which  were  put  in  the  greenhouse  September  1  lived  and  some 
grew  during  the  period  December  6  to  January  15  under  normal  light. 
A  base  line  for  growth  regarding  the  duration  of  light  will  therefore 
vary  with  variety,  temperature,  light  intensity,  previous  conditioning, 
and  possibly  with  other  conditions  such  as  light  quality. 

Some  varieties  make  no  growth  in  the  greenhouse  in  winter  at  any 
temperature  under  9-hour  daylight  periods  but  in  summer  grow  under 
9-hour  periods,  or  in  winter  grow  if  kept  at  a  temperature  of  60°  F. 
or  above  from  September  1 ,  or  if  first  exposed  to  low  temperatures  to 
break  their  dormant  periods.  Other  varieties  grow  nearly  normally 
even  under  9-hour  light  periods  in  the  greenhouse.  The  base  line 
for  growth  for  the  latter  sorts  must  be  nearer  8  hours  of  light  in 
winter  and  possibly  still  lower  in  summer. 

The  type  of  growth  made  by  the  several  varieties  differs  also  with 
the  duration  of  the  light  periods.  When  the  summer  days  were 
shortened  to  10  hours  runner  production  disappeared  almost  alto- 
gether. Shortened  summer  days  seemed  to  cause  the  crowns  to 
branch  instead  of  producing  runners.  These  branched  crowns 
eventually  differentiated  fruit  buds,  which  at  least  partially  accounts 
for  increased  flower  production  the  following  spring  (table  1 ) .  In  the 
winter  tests  of  1929-30  no  variety  produced  runners  except  when 
additional  light  was  given.  Under  200-watt  lights  to  supplement 
daylight  Bedarena  and  the  southern  varieties,  Missionary  and  Blake- 
more,  were  the  first  to  produce  runners.  Thus  with  light  periods  just 
above  the  base  line  for  growth  and  under  favorable  temperatures  for 
the  variety  the  growing  points  differentiate  into  fruit  buds.     With 
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similar  light  the  growing  points  develop  into  branch  crowns.  With 
daily  light  periods  still  farther  above  the  base  line  the  growing  points 
develop  into  runners. 

The  fruit  clusters  developed  by  the  buds  of  varieties  adapted  to 
growth  in  short  days  may  become  very  large  and  branch  basally  (8) 
when  developed  in  short  days,  but  when  the  daily  light  period  is 
lengthened  under  greenhouse  conditions  the  peduncles  grow  very  long. 
It  seems  probable,  therefore,  that  if  the  plants  are  vigorous  and  condi- 
tions are  suitable.for  relatively  slow  development  when  a  variety  forms 
its  fruit  buds  the  fruit  cluster  will  be  large  and  basal  branching  with  a 
maximum  of  large  berries.  Under  field  conditions  in  the  northern 
part  of  the  range  of  any  variety  the  clusters  tend  to  be  high  branching 
and  relatively  small,  while  to  the  southward  they  tend  to  be  low 
branching  and  large.  Since  the  daily  light  periods  shorten  more 
slowly  in  regions  of  the  latitude  of  North  Carolina  than  in  New  York, 
the  clusters  of  most  varieties  should  be  larger  and  tend  to  basal  branch- 
ing in  North  Carolina  more  than  in  New  York.  Observations  on 
several  scores  of  varieties  in  both  States  confirm  this.  The  Dunlap 
and  Howard  17  are  northern  sorts  and  produce  basal-branching  clus- 
ters farther  north  than  such  southern  sorts  as  Missionary,  Klondike, 
Blakemore,  and  Bellmar. 

The  terminal  cluster  is  the  first  to  differentiate  in  the  fall  and  in 
the  cool  weather  it  has  the  longest  time  to  develop ;  hence,  in  general 
it  should  be,  and  observations  confirm  that  it  generally  is,  the  largest. 
Fruit  buds  of  the  Missionary  formed  in  the  spring  in  North  Carolina 
usually  develop  into  high-branching  " crown"  clusters  apparently 
because  the  days  are  lengthening  and  the  warmer  weather  induces 
more  rapid  development.  Farther  south  in  Florida  where  the  fruit 
buds  grow  slowly  throughout  the  winter  they  develop  into  basal- 
branching  clusters;  later  in  the  spring  the  clusters  develop  more 
quickly  and  become  high  branching. 

It  has  been  commonly  observed  that  the  leaves  developed  by  straw- 
berries in  the  fall  average  much  smaller  and  have  very  much  shorter 
petioles  than  those  produced  in  midsummer.  Similar  differences  were 
noted  in  these  studies  of  the  effect  of  length  of  the  light  periods. 
The  leaves  of  the  long-day  plants  were  often  more  than  four  times  the 
size  of  those  grown  in  short  days;  reference  to  table  4  shows  that  the 
long-day  petioles  were  sometimes  as  much  as  five  times  as  long  as  those 
of  the  short-day  plants. 

The  responses  of  Fragaria  vesca  semperflorens  and  of  Mastodon 
indicate  that  they  represent  wholly  different  groups  of  everbearing 
strawberries.  F.  vesca  semperflorens  grew  vigorously  under  the  very 
short  days  of  midwinter;  it  blossomed  and  was  the  only  strawberry 
that  produced  runners  under  the  short  days  of  winter  up  to  March 
11,  1930.  On  the  other  hand,  Mastodon  plants  actually  decreased  in 
size  under  the  short  days  and  low-light  intensity,  and  not  even  in  the 
lots  exposed  to  daylight  plus  1,000-watt  lights  for  half  the  night  did 
it  make  a  normal  growth  like  that  of  summer.  Fruit-bud  differentia- 
tion and  vigorous  growth  in  the  Mastodon  take  place  in  the  long  warm 
days  of  summer,  while  F.  vesca  semperflorens  apparently  is  relatively 
indifferent  to  either  condition. 
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These  experiments  on  the  light  requirements  of  strawberries  have 
suggested  a  cause  of  the  rest  period  in  the  strawberry  and  possibly  in 
other  plants  (11).  The  strawberry  plant  in  northeastern  United 
States  becomes  more  or  less  dormant  with  the  onset  of  short  days  and 
low  temperatures  of  fall  just  as  do  most  other  plants  of  temperate 
regions.  The  experiments  referred  to  above  have  shown  two  effects 
of  the  low  temperatures  on  the  strawberry.  In  one  experiment, 
plants  that  were  placed  each  night  from  dark  till  -dawn  in  a  cold- 
storage  room  held  at  about  45°  F.  grew  far  more  vigorously  than  those 
left  outside  at  summer  night  temperatures;  in  other  experiments 
plants  first  exposed  to  a  low-temperature  rest  period  in  late  fall  have 
made  greatly  increased  growth.  Thus,  strawberry  plants  that  were 
given  a  rest  period  by  being  left  out  of  doors  late  in  the  fall  and  brought 
in  about  January  1  when  the  days  were  still  short  grew  vigorously 
without  additional  light.  Although  the  days  were  actually  shorter 
in  some  of  the  tests,  as  much  growth  was  made  by  some  sorts  and 
more  by  many  sorts  in  4-weeks'  time  than  in  12  weeks  when  plants 
were  brought  in  early  in  November.  No  low-temperature  exposure 
at  any  light  intensity  or  duration  at  any  time  in  spring,  summer,  or 
fall  has  ever  been  observed  to  induce  a  rest  period. 

Varieties  grown  near  the  Equator  in  the  Andes  Mountains  in 
Ecuador  are  sufficiently  adaptable  to  grow  and  fruit  continuously 
under  light  periods  that  prevail  there  (18) ;  in  such  regions  a  dormant 
period  is  not  required.  Their  continued  growth  and  fruiting  seems  to 
be  correlated  with  a  relatively  constant  exposure  to  the  photoperiodic 
and  temperature  requirements  of  the  particular  variety.  Growth  in 
some  form  apparently  can  continue  over  a  fairly  wide  range  of  daily 
light  exposures  from  less  than  9  to  24  hours.  However,  in  the  latitude 
of  Washington,  D.C.,  even  varieties  adapted  to  very  short  days  show 
somewhat  better  growth  in  the  greenhouse  when  exposed  to  low 
temperatures  for  a  time  than  if  put  into  the  greenhouse  late  in  October 
after  the  days  become  short  but  before  the  advent  of  cold  weather. 
Plants  of  such  varieties  raised  in  Maryland  and  shipped  to  Florida 
in  October  do  not  usually  make  as  vigorous  a  growth  as  plants  raised 
in  Florida,  where  the  days  are  not  as  short  as  in  Maryland  from 
October  onward.  Exposure  to  the  relatively  short  days  of  late 
summer  and  early  fall  up  to  October  has  apparently  effected  such  a 
change  in  the  plants  that  a  rest  period  is  beneficial.  Most  varieties 
adapted  to  northern  regions  make  little  growth  when  the  daylight 
periods  are  10  hours  or  less  in  duration.  If  first  given  a  low- tempera- 
ture rest  period,  however,  they  grow  vigorously  in  the  greenhouse 
during  midwinter,  when  the  days  are  less  than  10  -hours  long.  For 
these  varieties  adapted  to  long  summer  days,  a  low-temperature  rest 
period  is  necessary  for  renewal  of  vigorous  growth  under  normal 
winter  days  in  the  greenhouse. 

Plants  of  51  varieties  placed  in  the  greenhouse  September  1  and 
exposed  to  electric  light  until  10  p.m.  in  addition  to  daylight  did  not 
become  dormant.  Exposure  to  short  daily  light  periods,  therefore, 
seems  to  induce  a  rest  period  in  many  varieties  of  strawberry  (10). 

These  studies  of  response  to  light  show  that  the  strawberry  varieties 
now  grown  in  regions  of  relatively  short  and  of  relatively  long  days 
have  actually  been  selected  for  their  adaptation  to  the  light  and  rest 
period  conditions  of  those  regions. 


RESPONSES    OF    STRAWBERRIES    TO    LIGHT  29 

Garner  and  Allard  (11)  reported  that  by  increasing  the  daily  light 
period  in  September  before  the  leaves  dropped,  the  tuliptree  was 
enabled  to  renew  active  growth.  Two  kinds  of  sumac,  however,  did 
not  resume  active  growth.  They  concluded  that  "the  decreasing 
length  of  day  is  an  important  factor  in  causing  perennials  to  enter 
upon  the  winter  period  of  dormancy."  The  tuliptree  in  September 
apparently  corresponds  to  certain  strawberry  varieties  that  have  ceased 
active  growth  in  October,  but  that  can  resume  active  growth  if  the 
daily  light  exposure  is  increased.  The  sumac  in  September  seems  to 
correspond  to  these  same  varieties  of  strawberries  in  November  and 
December  after  longer  exposure  to  short  days  at  temperatures  per- 
mitting growth.  They  then  need  a  low-temperature  rest  period 
before  they  can  resume  vigorous  growth  However,  if  the  sumac  and 
other  plants  responding  similarly  had  been  exposed  to  a  suitable  day 
length  some  time  before  they  had  formed  terminal  buds,  they  might 
have  continued  growth  indefinitely. 

It  is  here  suggested  that  the  rest  period  in  the  strawberry  (and 
possibly  in  other  plants  of  temperate  regions)  may  be  a  result  of  nutri- 
tional conditions  caused  by  relatively  short  daily  light  periods  and 
relatively  low  growing  temperatures.  This  conception  of  the  relation 
of  daylight  periods  to  the  rest  period  may  explain  the  different  re- 
sponses of  the  same  variety  of  strawberry  and  possibly  of  other  ever- 
greens and  even  of  some  deciduous  shrubs  and  trees  when  trans- 
planted from  widely  different  latitudes.  If  transplanted  in  the  fall 
from  northern  to  southern  latitudes  the  northern  plants  may  be  ex- 
pected to  be  more  dormant  than  the  southern-grown  plants,  and,  as 
with  the  strawberry,  not  grow  so  vigorously.  Such  plants  must  truly 
get  acclimated.  On  the  other  hand,  plants  propagated  in  regions  of 
high  temperatures  and  short  days,  as  Florida  and  southern  California, 
may  suffer  from  lack  of  cold  weather  to  break  their  partial  dormancy. 

In  tests  of  selections  from  the  breeding  work  of  the  United  States 
Department  of  Agriculture,  the  results  have  been  remarkably  en- 
lightening even  though  it  has  not  yet  been  possible  to  combine  daily 
light  tests  with  different  day  and  night  temperatures.  The  Blake- 
more  has  not  grown  as  well  as  the  Missionary  in  the  short  days  of  low 
light  intensity  of  winter,  and  this  may  be  interpreted  to  indicate  that 
it  will  not  succeed  as  well  in  Florida  as  the  Missionary.  In  actual 
tests  in  Florida,  this  seems  to  be  borne  out.  In  the  long  days  the 
Blakemore  has  made  more  vegetative  growth  and  less  fruit  than 
Howard  17,  and  again  its  field  response  in  the  North  has  agreed.  It 
seems  to  be  adapted  to  the  region  between  the  southernmost  part  of 
the  Missionary  and  northernmost  part  of  the  Howard  17  regions. 
Two  new  sorts,  Dorse tt  and  Fairfax,  have  been  introduced  for  the 
latitude  of  Maryland  to  New  Jersey.  In  their  responses  to  conditions 
the  Dorsett  has  tended  to  resemble  the  Blakemore  and  the  Fairfax 
the  Howard  17.  This  is  interpreted  to  mean  that  the  Dorsett  will 
be  adaptable  to  regions  farther  south  than  those  in  which  the  Fairfax 
will  be  adapted.  Actual  field  tests  in  western  North  Carolina  have 
already  shown  the  Dorsett  to  be  much  better  adapted  to  that  region 
than  the  Fairfax. 
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SUMMARY 

Everbearing  varieties  of  strawberries  are  "long-day"  plants,  form- 
ing fruit  buds  under  the  long  days  of  summer  in  the  Northern  States. 

Ordinary  varieties  of  strawberries  are  " short-day"  plants,  rarely 
forming  fruit  buds  under  natural  conditions  except  in  the  fall,  when 
the  days  become  short  and  the  temperature  low. 

Runner  formation  does  not  occur  with  a  10-hour  day  in  summer  in 
ordinary  varieties  or  in  a  few  varieties  with  a  12-hour  day. 

Branch  crowns  tend  to  form  when  the  daily  light  periods  become 
too  short  for  runner  formation. 

Fruit  buds  tend  to  form  when  the  daily  light  period  becomes  still 
shorter  than  for  optimum  branch-crown  formation. 

Daily  light  periods  of  8,  10,  and  12  hours  in  summer  and  early  fall 
resulted  in  an  increase  in  the  number  of  blossoms  produced  the  follow- 
ing spring. 

Increasing  the  daily  light  periods  by  the  use  of  artificial  light  did 
not  induce  full  normal  growth  in  plants  brought  into  the  greenhouse 
from  October  through  December,  but  did  induce  growth  approximating 
normal  if  the  plants  were  brought  in  September  1  or  before  fruit-bud 
formation  had  started. 

When  brought  in  from  winter  conditions  after  January  1,  growth 
of  most  varieties  was  approximately  that  of  summer  whether  the  plants 
were  given  additional  light  or  not. 

Varieties  are  considered  to  have  characteristic  temperature-day- 
length  responses  which  determine  their  regional  adaptation. 

Southern  varieties  grow  under  short  days  at  relatively  low-growing 
temperatures  and  need  little  rest  or  no  dormant  period. 

Northern  varieties  grow  very  little  under  short  days  and,  if  first 
exposed  to  short  daily  light  periods,  require  a  low-temperature  dor- 
mant period  to  break  their  rest  period. 

The  rest  period  in  the  strawberry  is  considered  to  be  caused  by  a 
short-day  low-temperature  complex  and  is  broken  to  a  degree  in  some 
varieties  by  additional  daily  light  exposures  and  in  all  varieties  by 
temperatures  at  or  below  freezing. 

Plants  of  over  80  varieties  and  species  when  not  given  a  full  rest 
period  continued  flowering  and  fruiting  in  the  greenhouse  until  July, 
and  some  at  least  continued  until  August ;  the  same  sorts  when  given 
a  rest  period  formed  no  fruit  buds  after  the  rest  period. 

The  response  of  varieties  to  light  conditions  during  October,  Novem- 
ber, and  December  is  considered  indicative  of  their  regional  adaptation. 
Varieties  adapted  to  southern  States  produce  relatively  large  leaves 
with  long  petioles,  while  northern  varieties  grow  little  or  not  at  all 
during  these  months. 

In  southern  States  fruit  clusters  become  large  and  branch  basally 
when  developed  from  fruit  buds  formed  under  short  daily  light  periods 
of  fall  and  early  winter,  but  late-winter  and  spring-formed  fruit  buds 
usually  develop  into  high  branching  clusters. 

In  these  experiments  fruit  clusters  produced  in  the  greenhouse  under 
long-day  conditions  from  fruit  buds  well  developed  before  being  brought 
into  the  greenhouse  branched  basally  while  later  clusters  were  high 
branching. 

Transformation  of  vegetative  growing  points  into  fruit  buds  under 
normal  daily  light  conditions  from  September  to  January  occurred  at 
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temperatures  averaging  about  60°  F.,  but  started  at  a  slow  rate  com- 
pared with  usual  outdoor  plants  in  the  Eastern  States. 

At  temperatures  above  60°  F.  short  daily  light  periods  (10  hours  or 
less)  are  necessary  to  initiate  fruit  buds  and  may  initiate  them  in  a  few 
varieties  only ;  at  low  temperatures  fruit  buds  may  form  under  longer 
daily  light  periods. 

Many  strawberry  varieties  grew  fairly  well  for  5  months  under 
continuous  artificial  light  only. 

Late  falls  are  considered  favorable  to  extensive  fruit-bud  develop- 
ment and  to  increased  crops  in  the  succeeding  spring. 

LITERATURE  CITED 

(1)   Darrow,  G.  M. 

1919.    STRAWBERRY   VARIETIES  IN   THE   UNITED   STATES.       U.S.    Dept.    Agr. 

Farmers'  Bull.  1043,  36  pp.,  illus.      (Revised,  1931.) 

(2) 

(3) 
(4) 
(5) 
(6) 


1917.  everbearing    strawberries.     U.S.    Dept.    Agr.    Farmers'    Bull. 
901,  20  pp.,  illus.     (Revised,  1930.) 


1929.  inflorescence  types  of  strawberry  varieties.     Amer.  Jour. 
Bot.  16:  571-585,  illus. 


1929.  development  of  runners  and  runner  plants  in  the  straw- 
berry.    U.S.  Dept.  Agr.  Tech.  Bull.  122,  28  pp.,  illus. 


1930.  experimental  studies  on  the  growth  and  development  of 
strawberry  plants.     Jour.  Agr.  Research  41:  307-325,  illus. 


1930.  progress   in    the    small    fruit   industry.     Oreg.    State   Hort. 
Soc.  Ann.  Rept.  22:  59-63. 

(7)  and  Waldo,  G.  F. 

1929.  the   practical   significance   of  increasing   the   daily   light 

period  of  winter  for  strawberry  breeding.     Science  (n.s.) 
69:  496-497. 

(8)  and  Waldo,  G.  F. 

1930.  FRUIT-BUD   FORMATION    IN   THE    STRAWBERRY   IN    SPRING   IN    SOUTH- 

EASTERN states.     Science  (n.s.)  72:  349-350,  illus. 

(9)  and  Waldo,  G.  F. 

1931.  THE    BELLMAR,    SOUTHLAND,   AND   REDHEART    STRAWBERRIES.       U.S. 

Dept.  Agr.  Circ.  171,  8  pp.,  illus. 

(10)      and  Waldo,  G.  F. 

1933.    PHOTOPERIODISM    AS    A    CAUSE     OF    THE     REST     PERIOD     IN     STRAW- 
BERRIES.    Science  (n.s.)  77:  353-354. 

(11)  Garner,  W.  W.,  and  Allard,  H.  A. 

1920.  EFFECT   OF   THE    RELATIVE    LENGTH    OF   DAY    AND    NIGHT   AND    OTHER 

FACTORS   OF   THE   ENVIRONMENT   ON    GROWTH   AND  REPRODUCTION 

in  plants.     Jour.  Agr.  Research  18:  553-606,  illus. 

(12)  Gilbert,  B.  E. 

1926.  THE  RESPONSE  of  certain  photoperiodic  plants  to  differing 

TEMPERATURE  AND  HUMIDITY  CONDITIONS.       Ann.   Bot.  [London] 

40:  315-320. 

(13)  POPENOE,   W. 

1921.  the    frutilla,   or  Chilean    strawberry.     Jour.   Heredity   12: 

457-466,  illus. 

(14)  Taylor,  O.  M.,  and  Clark,  V.  A. 

1904.    AN     EXPERIMENT    IN     SHADING     STRAWBERRIES.       N.Y.     State     Agr. 

Expt.  Sta.  Bull.  246,  pp.  [37]-58,  illus. 

(15)  Waldo,  G.  F. 

1930.    FRUIT-BUD   DEVELOPMENT  IN   STRAWBERRY  VARIETIES  AND   SPECIES. 

Jour.  Agr.  Research  40:  393-407,  illus. 

(16)  and  Darrow,  G.  M. 

1932.  STRAWBERRY-BUD      FORMATION      IS      FAVORABLY      INFLUENCED      BY 

temperature     and     light.     U.S. Dept. Agr.    Yearbook    1932: 
357-359. 


ORGANIZATION  OF  THE  UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WHEN  THIS  PUBLICATION  WAS  LAST  PRINTED 


Secretary  of  Agriculture Henry  A.  Wallace. 

Under  Secretary Rexford  G.  Tugwell. 

Assistant  Secretary M.  L.  Wilson. 

Director  of  Extension  Work C.  W.  Warburton. 

Director  of  Personnel W.  W.  Stockberger. 

Director  of  Information M.  S.  Eisenhower. 

Director  of  Finance W.  A.  Jump. 

Solicitor Seth  Thomas. 

Agricultural  Adjustment  Administration Chester  C.  Davis,  Administrator v 

Bureau  of  Agricultural  Economics Nils  A.  Olsen,  Chief. 

Bureau  of  Agricultural  Engineering S.  H.  McCrory,  Chief. 

Bureau  of  Animal  Industry John  R.  Mohler,  Chief. 

Bureau  of  Biological  Survey J.  N.  Darling,  Chief. 

Bureau  of  Chemistry  and  Soils H.  G.  Knight,  Chief. 

Office  of  Cooperative  Extension  Work C.  B.  Smith,  Chief. 

Bureau  of  Dairy  Industry O.  E.  Reed,  Chief. 

Bureau  of  Entomology  and  Plant  Quarantine-  Lee  A.  Strong,  Chief. 

Office  of  Experiment  Stations James  T.  Jardine,  Chief. 

Food  and  Drug  Administration Walter  G.  Campbell,  Chief. 

Forest  Service Ferdinand  A.  Silcox,  Chief. 

Grain  Futures  Administration J.  W.  T.  Duvel,  Chief. 

Bureau  of  Home  Economics Louise  Stanley,  Chief. 

Library Claribel  R.  Barnett,  Librarian. 

Bureau  of  Plant  Industry Frederick  D.  Richey,  Chief. 

Bureau  of  Public  Roads Thomas  H.  MacDonald,  Chief. 

Weather  Bureau Willis  R.  Gregg,  Chief. 


This  bulletin  is  a  contribution  from 

Bureau  of  Plant  Industry Frederick  D.  Richey,  Chief. 

Division  of  Fruit  and  Vegetable  Crops  E.  C.    Auchter,    Principal   Horti- 

and  Diseases.  culturist,  in  Charge. 

32 


U.S.  GOVERNMENT   PRINTING   OFFICE:  1934 


For  sale  by  the  Superintendent  of  Documents,  Washington,  D.C. Price  5  cents 


Technical  Bulletin  No.  452   ^G^&BgWJP&m'  October  1934 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WASHINGTON,  D.C. 


EXPERIMENTS    WITH    NITROGEN    FERTI- 
LIZERS ON  COTTON  SOILS 

By  J.  J.  Skinner,  senior  biochemist,  R.  A.  Lineberry,  assistant  chemist,  and  J.  E. 
Adams,  associate  soil  technologist,  division  of  Soil  Fertility,  Soil  Investigations, 
Bureau  of  Chemistry  and  Soils,  and  C.  B.  Williams,  head  of  Agronomy  Division, 
and  H.  B.  Mann,  agronomist,  North  Carolina  Agricultural  Experiment  Station 


Introduction. .- 1 

Inorganic,  organic,   and   synthetic   nitrogen 

experiments 4 

Experiments  in  North  Carolina 4 

Experiments  in  South  Carolina 6 

Experiments  in  Georgia 11 


CONTENTS 

Page 


Ratio  of  inorganic  and  synthetic  to  organic 

nitrogen 11 

Experiments  on  Cecil  clay  loam 13 

Experiments  on  Norfolk  fine  sand 17 

Experiments  on  Huston  sandy  loam 18 

Summary 26 

Literature  cited - 28 


INTRODUCTION 

Yields  of  cotton  on  many  soils  in  the  southeastern  Cotton  Belt  are 
determined  more  by  the  available  nitrogen  supply  than  by  any  other 
controllable  soil-fertility  factor.  In  this  region  the  yield  of  cotton 
may  be  at  least  doubled  and  sometimes  tripled  through  the  applica- 
tion of  large  quantities  of  commercial  nitrogen  with  mineral  fertilizers. 
The  predominant  need  for  nitrogen  in  this  territory  may  be  better 
understood  when  it  is  considered  that  practically  all  virgin  soils  in  this 
region  have  a  low  nitrogen  content.  The  nitrogen  content  of  many 
of  these  soils  is  rapidly  reduced  through  cultivation,  the  climatic 
conditions  favoring  a  rapid  loss  of  nitrogen.  Most  of  the  soils  of  the 
coastal  plains,  which  comprise  a  large  section  of  the  southeastern 
Cotton  Belt,  are  of  such  texture  that  the  aeration  is  good  even  when 
they  are  uncultivated.  The  result  is  a  very  rapid  decomposition  of 
organic  matter,  initially  in  the  soil,  or  added  through  green-manuring 
crops,  and  a  depletion  of  the  soil's  store  of  nitrogen.  To  meet  this 
diminishing  supply  of  available  nitrogen,  especially  on  soils  where 
cotton  is  grown  year  after  year,  and  on  soils  where  but  little  organic 
matter  from  soil-improving  crops  is  obtained,  it  becomes  necessary  to 
use  large  quantities  of  fertilizers  containing  commercial  nitrogen. 

Since  the  decrease  of  the  available  supply  of  organic  nitrogen !  from 
vegetable  and  animal  byproducts  for  fertilizers,  the  introduction  of 
synthetic  nitrogen  salts,  and  the  manufacture  of  cheaper  mineral 

1  The  term  "organic  nitrogen"  is  used  in  this  bulletin  to  define  organic  nitrogen  of  vegetable  or  animal 
waste  origin,  such  as  cottonseed  meal,  tankage,  dried  blood,  fish  scrap,  etc. 
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nitrogen,  considerable  experimentation  has  been  in  progress  to  study 
the  effects  of  various  carriers,  and  mixtures  of  different  carriers  of 
nitrogen  on  southern  soils  and  how  to  use  them  to  best  advantage  in 
mixtures  with  phosphoric  acid  and  potash.  Results  of  such  work 
conducted  by  the  State  experiment  stations  of  the  Cotton  Belt  and 
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the  United  States  Department  of  Agriculture  have  been  reported  from 
time  to  time.  The  relative  effects  of  nitrogen  sources  on  yield  of 
cotton  have  been  studied  in  North  Carolina,  South  Carolina,  Georgia, 
Alabama,  Mississippi,  Arkansas,  and  other  States,  and  reported  on 
from  time  to  time.  A  general  soil  map  of  the  southeastern  Cotton 
Belt,  where  these  results  apply,  is  given  in  figure  1.     The  nitrogen 
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sources  in  fertilizers  with  phosphoric  acid  and  potash,  giving  best 
yields,  have  varied  with  climatic  and  soil  conditions  where  commonly 
used  materials,  as  sodium  nitrate,  ammonium  sulphate,  urea,  Leuna- 
salpeter,  cottonseed  meal,  dried  blood,  tankage,  fish  scrap,  etc.,  have 
been  used. 

On  prairie  soils  of  Mississippi  (1,  5),2  in  experiments  using  mineral 
and  synthetic  sources  of  nitrogen  in  mixtures  with  phosphoric  acid 
and  potash,  the  variations  in  yield  from  sodium  nitrate,  ammonium 
sulphate,  Leunasalpeter,  calcium  nitrate,  and  urea,  each  used  as  the 
entire  source  of  nitrogen,  were  not  great.  Sodium  nitrate  and  Leuna- 
salpeter  gave  slightly  higher  yields  on  many  of  these  prairie  soils. 
On  soils  in  south  Mississippi  (4),  very  little  differences  were  noted  in 
yield  of  cotton  from  the  various  inorganic  and  synthetic  sources  of 
nitrogen. 

In  experiments  in  North  Carolina  (16)  on  Norfolk  sandy  loam  at  the 
Upper  Coastal  Branch  Station,  Rocky  Mount;  on  Cecil  sandy  loam 
at  the  Central  Experiment  Station  farm,  Raleigh;  and  on  Cecil  clay 
loam  at  the  Piedmont  Branch  Station,  Statesville,  inorganic  sources  of 
nitrogen,  sodium  nitrate  and  ammonium  sulphate,  each  used  as  the 
entire  source  of  nitrogen  with  phosphoric  acid  and  potash,  gave  larger 
yields  of  cotton  than  organic  sources,  such  as  cottonseed  meal  and 
dried  blood.  The  yields  produced  by  various  inorganic  and  synthetic 
sources  of  nitrogen  on  these  soils  did  not  vary  widely,  except  in  the 
case  of  sodium  nitrate,  which  generally  gave  larger  yields. 

On  Tifton  sandy  loam  in  Georgia  (13),  sodium  nitrate  gave  slightly 
larger  yields  than  did  other  sources  of  nitrogen  in  complete  fertilizers 
for  cotton.  Cottonseed  meal,  dried  blood,  and  tankage,  as  the  entire 
source  of  nitrogen,  did  not  give  as  large  yields  as  did  inorganic  or 
synthetic  nitrogen.  Mixtures  of  inorganic  nitrogen  and  organic 
nitrogen  were  not  used. 

On  Cecil  sandy  clay  loam  in  Georgia  (3,  14),  sodium  nitrate,  fol- 
lowed by  ammonium  sulphate,  gave  best  results  when  compared  with 
synthetic  nitrogen  and  tankage.  In  other  experiments  made  for  7 
years,  there  was  not  a  wide  variation  in  yield  of  cotton  from  different 
inorganic,  synthetic,  or  organic  nitrogen  sources. 

In  a  number  of  experiments  made  for  several  years  in  Alabama  (15) 
in  which  sodium  nitrate,  ammonium  sulphate,  ammonium  phosphate, 
Leunasalpeter,  urea,  and  cottonseed  meal  were  used,  each  as  the 
entire  source  of  nitrogen  for  cotton  with  phosphoric  acid  and  potash, 
good  results  were  generally  secured  from  each.  On  the  Clarksville  and 
Hols  ton  soil  series,  sodium  nitrate  was  the  most  effective  source  of 
nitrogen.  On  the  Decatur  soil  series,  sodium  nitrate  and  urea  were  the 
leading  sources.  On  the  Hartsells  and  Cecil  soil  groups,  sodium  nitrate 
and  ammonium  sulphate  produced  equal  increases  in  pounds  of  cot- 
ton per  acre.  On  the  Oktibbeha  soil  group  of  the  Black  Belt,  am- 
monium phosphate  and  sodium  nitrate  gave  greatest  increases. 

Sodium  nitrate  and  ammonium  sulphate  were  of  approximately 
equal  value  for  cotton  on  the  Greenville  soil  group  of  the  coastal 
plain.  Sodium  nitrate  was  most  effective  on  Norfolk  and  Ruston 
soils. 


2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  28. 
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On  heavy  soils  in  Arkansas  (6,  7),  yields  of  cotton  from  various 
sources  of  inorganic  and  synthetic  nitrogen  did  not  vary  widely. 
Sodium  nitrate  generally  gave  slightly  larger  yields. 

INORGANIC,   ORGANIC,   AND  SYNTHETIC  NITROGEN  EXPERIMENTS 

EXPERIMENTS  IN  NORTH  CAROLINA 

Experiments  were  made  on  nine  soil  types  in  North  Carolina3  to 
study  the  effects  of  inorganic  and  synthetic  sources  of  nitrogen  in 
mixtures  with  phosphoric  acid  and  potash  for  cotton.  The  detailed 
results  of  this  cooperative  work  are  published  in  Bulletin  No.  266  of 
the  North  Carolina  Agricultural  Experiment  Station  (11).  A  sum- 
mary of  the  data,  including  the  average  yield  of  all  the  experiments  on 
the  various  soil  types  in  North  Carolina,  is  given  in  table  1. 


Table  1. — Summary  of  yields  per  acre  of  seed  cotton  secured  in  experiments  on 
nine  soil  types  in  North  Carolina  with  various  sources  of  nitrogen 


Source   of  nitrogen   in 
6-8-4  fertilizer  applied 
at  rate  of  900  pounds 
an  acre  • 

Ports- 
mouth 
sandy 
loam, 
New- 
Bern, 
aver- 
age 2 
years, 
1921-22 

Cecil 

sandy 
loam, 
Shel- 
by, 
aver- 
age 2 
years, 
1924-25 

Green- 
ville 

sandy 
loam, 
Wel- 
don, 
aver- 
age 2 

years, 

1926-27 

David- 
son 

clay, 
Lex- 
ington, 
aver- 
age 2 
years, 
1926-27 

Marl- 
boro 
sandy 
loam, 
Wil- 
son, 
aver- 
age 2 
years, 
1926-27 

Marl- 
boro 
fine 
sandy 
loam, 
Sea- 
board, 
1925 

App- 
ling 
sandy 
loam, 
Kings 
Moun- 
tain, 
1924 

Dun- 
bar 
fine 
sandy 
loam, 
New 
Bern, 
1920 

Cox- 

ville 
sandy 
loam, 

New 
Bern, 

1920 

Aver- 
age 

Rela- 
tive 
rating 

Lbs. 
1,270 
1,290 
1,172 
1,017 

905 
1,115 
1,025 
1,187 

368 

Lbs. 

1,051 
993 
957 
905 
964 
935 
950 
877 
465 

Lbs. 
1,695 
2,040 
2,015 
1,415 
1,245 
1,850 
1,905 
1,865 
700 

Lbs. 
1,450 
1,418 
1,357 
1,360 
1,185 
1,  525 
1,430 
1,300 
530 

Lbs. 
1,620 
1,573 
1,428 
1,428 
1,407 
1,486 
1,457 
1,667 
805 

Lbs. 
1,495 
1,288 
1,403 
1,472 
1,242 
1,311 
1,311 

Lbs. 
1,313 
1,075 
1,163 
1,088 
938 
1,238 
1,263 

Lbs. 
834 

1,052 
930 

1,152 
950 
820 
810 

Lbs. 
642 
692 
700 
786 
708 
676 
640 

Lbs. 
1,263 
1,269 
1,236 
1,180 
1,061 
1,217 
1,199 

Pet. 
100.0 

Ammonium  sulphate- -- 

Ammonium  nitrate 

Ammonium  chloride 

Ammonium  chloride  2.. 
Ammonium  phosphate 3 

100.4 
97.8 
93.4 
84.0 
96.4 
94.3 

750 

425 

445 

151 

515 

40.7 

1  Superphosphate  source  of  phosphoric  acid  in  fertilizer  mixtures,  potassium  sulphate  source  of  potash, 
except  where  noted. 

2  Potash  from  potassium  chloride. 

3  Ammonium  phosphate  containing  48  percent  phosphoric  acid  and  12  percent  ammonia  source  of  phos- 
phoric acid  in  this  fertilizer.  In  order  to  prepare  a  6-percent  ammonia  fertilizer  from  this  salt  more  than 
8  percent  of  phosphoric  acid  was  included  in  this  fertilizer. 

These  soils  represent  some  of  the  principal  types  on  which  cotton  is 
grown  in  the  Southeast.  They  are  classified  as  Marlboro  fine  sandy 
loam  and  Marlboro  sandy  loam,  Portsmouth  sandy  loam,  Cecil  sandy 
loam,  Davidson  clay,  Greenville  sandy  loam,  Appling  sandy  loam, 
Dunbar  fine  sandy  loam,  and  Coxville  sandy  loam.  Three  of  these 
are  of  the  Piedmont  and  six  of  the  coastal  plain  Cotton  Belt.  The 
effect  of  the  air-derived  nitrogen  salts  studied,  when  used  in  mixed 
fertilizer  with  superphosphate  and  potash,  has  generally  been  good. 

In  this  work,  each  nitrogen  salt  was  used  as  the  entire  source  of 
nitrogen  in  a  6-8-4  4  fertilizer  applied  before  cottonseed  was  planted, 
at  the  rate  of  900  pounds  an  acre.     Superphosphate  was  the  source 

3  Acknowledgment  is  made  for  the  assistance  of  and  cooperation  by  T.  C.  Black,  Kings  Mountain; 
C.  D.  Bradham,  New  Bern;  S.  C.  Lattimore,  Shelby;  J.  W.  Holoman,  Weldon;  J.  W.  Meadows,  New 
Bern;  J.  P.  Lucas,  Wilson;  M.  R.  Stevenson,  Seaboard;  and  E.  C.  Stokes,  Lexington,  cooperating  farmers, 
who  furnished  land  for  the  experiments  in  North  Carolina  and  labor  required  for  planting  and  cultivating 
the  crop;  and  to  R.  P.  Gulledge,  county  agent  of  Northampton  County,  and  E.  C  Sheffield,  county  agent 
of  Davidson  County,  for  general  assistance  in  the  work. 

4  Fertilizer  analyses  are  given  in  this  bulletin  in  the  order  of  ammonia,  phosphoric  acid,  and  potash. 
The  fertilizers  were  prepared  on  the  ammonia  rather  than  the  nitrogen  basis  as  this  was  the  custom  when 
these  experiments  were  made. 
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of  phosphoric  acid  and  potassium  sulphate  the  source  of  potash, 
except  in  one  plot  with  ammonium  chloride.  In  this  case  potassium 
chloride  was  the  source  of  potash,  which  was  added  to  study  the  effect 
of  fertilizers  containing  two  chloride  salts.  When  ammonium  phos- 
phate was  used,  this  was  the  source  of  phosphoric  acid  as  well  as  the 
source  of  nitrogen. 

On  Portsmouth  sandy  loam,  in  a  2-year  test  near  New  Bern,  the 
average  acre  yields  of  seed  cotton  ranged  from  1,290  to  905  pounds. 
Ammonium  sulphate  gave  the  highest  yield  and  ammonium  chloride 
the  lowest. 

On  Cecil  sandy  loam,  in  a  2-year  test  near  Shelby,  the  average  yields 
ranged  from  1,051  to  877  pounds;  the  highest  was  from  sodium  nitrate 
and  the  lowest  from  Leunasalpeter. 

On  Greenville  sandy  loam  in  a  2-year  test  near  Weldon,  the  average 
yields  ranged  from  2,040  to  1,245  pounds.  Ammonium  sulphate 
gave  the  highest  yield  and  ammonium  chloride  the  lowest. 

On  Davidson  clay  in  a  2-year  test  at  Lexington,  the  yields  ranged 
from  1,525  to  1,185  pounds,  the  highest  being  from  ammonium 
phosphate  and  the  lowest  from  ammonium  chloride. 

On  Marlboro  sandy  loam  in  a  2-year  test  near  Wilson,  the  average 
yields  ranged  from  1,620  to  1,407  pounds,  the  highest  being  from 
sodium  nitrate  and  the  lowest  from  ammonium  chloride. 

On  Marlboro  fine  sandy  loam,  in  a  single-year  test  at  Seaboard,  the 
yields  ranged  from  1,495  to  1,242  pounds  per  acre,  the  highest  being 
from  sodium  nitrate  and  the  lowest  from  ammonium  chloride. 

On  Appling  sandy  loam  in  a  single-year  test  near  Kings  Mountain, 
the  yields  for  the  various  salts  ranged  from  1,313  to  938  pounds.  The 
crop  grown  with  sodium  nitrate  gave  the  best  returns  and  with  am- 
monium chloride  the  lowest. 

On  Dunbar  fine  sandy  loam  in  a  single-year  test  at  New  Bern,  the 
yields  ranged  from  1,152  to  810  pounds.  The  highest  yield  was  from 
ammonium  chloride  and  the  lowest  from  urea. 

On  Coxville  sandy  loam  in  a  single-year  test  at  New  Bern,  the 
yields  ranged  from  786  to  640  pounds.  The  highest  yield  was  from 
ammonium  chloride  and  the  lowest  from  urea. 

The  average  yields  of  all  the  experiments  range  from  1,269  to  1,061 
pounds  of  seed  cotton  per  acre.  The  highest  yield  is  for  ammonium 
sulphate  and  the  lowest  for  ammonium  chloride. 

The  results  of  these  experiments  with  cotton  on  the  various  soil 
types  show  the  average  yields  of  seed  cotton  per  acre,  produced  by 
fertilizers  containing  different  nitrogen  salts,  are  as  follows:  Ammo- 
nium sulphate,  1,269  pounds  an  acre;  sodium  nitrate,  1,263  pounds; 
ammonium  nitrate,  1,236  pounds;  ammonium  phosphate,  1,217 
pounds;  urea,  1,199  pounds;  ammonium  chloride  (used  in  mixtures 
with  potassium  sulphate),  1,180  pounds;  and  ammonium  chloride 
(used  in  mixtures  with  potassium  chloride),  1,061  pounds  per  acre. 

In  these  experiments,  ammonium  nitrate,  ammonium  phosphate, 
and  urea,  have  proved  to  be  good  forms  of  plant  food  for  cotton  and 
have  produced  larger  yields  than  did  ammonium  chloride.  The  use 
of  these  air-derived  nitrogen  salts,  containing  relatively  high  con- 
centrations of  nitrogen,  when  applied  in  mixed  fertilizer  of  the 
analysis  used,  has  not  produced  any  appreciably  injurious  effect  on 
germination  of  cotton  or  on  the  plants  in  the  early  stages  of  growth. 
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Neither  has  there  been  any  indication  of  unusual  leaching  of  them  from 
the  soil  in  this  work. 

Ammonium  chloride  used  in  fertilizer  with  potassium  chloride  as 
the  source  of  potash  gave  smaller  yields  than  in  mixtures  with  potas- 
sium sulphate  as  the  source  of  potash.  The  plants  did  not  develop 
normally,  nor  did  they  make  as  good  growth.  A  6-8-4  fertilizer 
applied  at  the  rate  of  900  pounds  an  acre,  using  the  two  chlorine- 
salts,  adds  141  pounds  of  chlorine  per  acre,  compared  to  112  pounds 
of  chlorine  added  in  the  mixture  containing  ammonium  chloride 
and  potassium  sulphate.  Apparently,  the  chlorine  content  of  the 
fertilizer  containing  the  two  chlorine  salts  is  the  cause  of  the  depressed 
yields.    (9) 

In  earlier  cooperative  work  (8)  with  nitrogen  sources  on  cotton 
soils  of  North  Carolina,  somewhat  larger  yields  of  cotton  were  secured 
on  some  of  the  soil  types  used  in  the  experiments  discussed  above 
when  the  nitrogen  was  derived  in  part  from  inorganic  sources  and  in 
part  from  organic  sources,  such  as  cottonseed  meal,  fish  scrap,  dried 
blood,  or  tankage,  while  other  soils  gave  as  large  yields  from  fertilizers 
containing  a  single  inorganic  source  of  nitrogen. 

EXPERIMENTS  IN  SOUTH  CAROLINA 

In  South  Carolina,  experiments5  were  made  on  three  soil  types, 
with  inorganic  and  synthetic  sources  of  nitrogen  in  fertilizers  for 
cotton,  the  details  of  which  were  reported,  together  with  other 
nitrogen  experiments  made  in  that  State  (10).  The  experiments 
were  made  for  5  years  on  Norfolk  fine  sandy  loam  at  the  Pee  Dee 
Experiment  Station  of  Clemson  College,  at  Florence,  1  year  on 
Norfolk  sandy  loam  at  Hartsville,  and  2  years  on  Marlboro  sandy 
loam  at  Bennettsville.     A  summary  of  the  data  is  given  in  table  2. 


Table  2. — Summary  of  yields  per  acre  of  seed  cotton  secured  in  experiments  on  three 
soil  types  in  South  Carolina  with  various  sources  of  nitrogen 


Norfolk 

very  fine 
sandy 
loam, 

Marlboro 

Norfolk 

sandy 
loam, 
Bennetts- 
ville, 

Source  of  nitrogen  in  6-8-4  fertilizer  '  applied 
at  rate  of  900  pounds  an  acre 

Pee  Dee 
Experi- 
ment 

sandy 

loam, 

Hartsville, 

Average 

Relative 

rating 

Station, 
average 

1924 

average 

for  3  years 

1921-23 

5  years, 

x 

1921-25 

Pounds 

Pounds 

Pounds 

Pounds 

Percent 

Sodium  nitrate 

1,091 

1,100 

1,330 

1,174 

100 

Ammonium  sulphate 

1,008 

1,120 

1,337 

1,155 

98 

Ammonium  nitrate 

1,054 

1,140 

1,447 

1,214 

103 

Ammonium  chloride - 

924 

1,080 

1,327 

1,110 

95 

1,007 

980 

1,450 

1,  146 

98 

Urea 

1,047 

1,020 

1,340 

1,  136 

97 

756 

600 

907 

754 

1  Superphosphate  source  of  phosphoric  acid  in  fertilizer  mixtures,  potassium  sulphate  source  of  potash. 

2  Ammonium  phosphate  (containing  48  percent  phosphoric  acid  and  12  percent  ammonium)  supplied, 
phosphoric  acid  exceeding  8  percent  in  this  fertilizer. 


s  Acknowledgment  is  made  for  the  assistance  of  and  cooperation  by  J.  A.  Adams,  Bennettsville;  Alex. 
Branson,  Florence;  R.  E.  Currin,  Pee  Dee  Experiment  Station,  Florence;  B.  D.  Dargan,  Darlington; 
R.  P.  Gillespie,  Hartsville;  and  E.  E.  McGill,  Darlington,  cooperating  farmers,  who  contributed  land  for 
the  experiments  in  South  Carolina,  and  labor  required  for  planting  and  cultivating  the  crops;  and  to  A.  H. 
Ward,  former  county  agent  of  Darlington  County,  for  general  assistance  in  the  work. 
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When  all  the  cotton  experiments  are  considered,  the  yields  of 
cotton  from  ammonium  phosphate,  ammonium  nitrate,  and  urea 
did  not  vary  widely  from  those  produced  by  sodium  nitrate  and 
ammonium  sulphate.  Ammonium  chloride  produced  a  slightly 
smaller  average  yield  than  other  inorganic  nitrogen  carriers  in  the 
5-year  experiment  on  Norfolk  very  fine  sandy  loam.  In  the  first  2 
years  of  the  experiment  on  this  soil,  ammonium  chloride  gave  larger 
yields  than  did  sodium  nitrate  and  ammonium  sulphate,  but  in  the 
last  3  years  the  yields  from  the  ammonium  chloride  plots  were  con- 
siderably smaller,  the  difference  in  yield  increasing  each  year. 

In  other  experiments  by  the  same  workers,  sodium  nitrate  and 
ammonium  sulphate  were  used  as  single  sources  of  nitrogen  in  com- 
plete fertilizers  (with  superphosphate  and  potash),  combined  in 
different  proportions,  and  together  with  (1)  dried  blood,  (2)  cotton- 
seed meal,  (3)  fish  scrap,  and  (4)  tankage.  In  the  experiments, 
which  included  organic  materials,  50  percent  of  the  nitrogen  in  the 
fertilizer  was  from  inorganic  sources  and  50  percent  from  organic 
sources.  The  experiments  were  made  on  five  soil  types  which 
represent  the  principal  soils  used  for  cotton  in  the  south  Atlantic 
Coastal  Plain.    A  summary  of  the  data  secured  is  given  in  table  3. 
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The  comparative  yields  from  sodium  nitrate  and  ammonium  sul- 
phate varied  with  the  soil.  Larger  yields  were  produced  by  sodium 
nitrate  on  Norfolk  fine  sandy  loam  at  Florence,  and  larger  yields 
from  ammonium  sulphate  on  Ruston  coarse  sandy  loam  and  Norfolk 
sandy  loam  at  Darlington.  There  was  but  little  variation  in  yields 
from  these  two  nitrogen  sources  on  the  other  soil  types.  The  aver- 
ages of  all  the  experiments  were  practically  the  same. 

Two  sources  of  inorganic  nitrogen  proved  to  be  better  than  a 
single  source  in  some  of  the  experiments,  and  nitrogen  one-half  from 
the  two  inorganic  sources  and  one-half  from  organic  sources  proved 
better  than  did  single  inorganic  sources  on  some  soils.  The  average 
yields  of  all  the  experiments  favor  slightly  the  mixtures  (1)  of  two 
sources  of  inorganic,  and  (2)  mixtures  of  inorganic  and  organic 
nitrogen.  There  was  no  consistent  or  appreciable  difference  in 
earliness  of  cotton  produced  by  the  inorganic  sources  of  nitrogen  or 
mixtures  of  inorganic  and  organic  nitrogen. 

In  a  6-year  experiment  on  Norfolk  very  fine  sandy  loam,  con- 
ducted at  the  Pee  Dee  Experiment  Station,  Florence,  where  cotton 
was  grown  in  rotation  with  corn  interplanted  with  cowpeas,  sodium 
nitrate  gave  somewhat  larger  yields  of  cotton  than  did  ammonium 
sulphate  for  4  years  and  a  larger  average  yield  for  6  years.  Mix- 
tures of  inorganic  and  organic  nitrogen  gave  slightly  larger  average 
yields  for  6  years  than  did  single  inorganic  nitrogen  sources.  These 
data  are  given  in  table  4.  The  detailed  results  with  both  cotton 
and  corn  are  given  by  Skinner  and  Buie  (10).  There  was  no  con- 
sistent or  appreciable  difference  in  the  earliness  of  cotton  as4influ  snced 
by  nitrogen  sources  or  combination  of  several  sources. 


r02WS°— -34- 


10 


TECHNICAL  BULLETIN  452,  U.  S.  DEPT.  OF  AGRICULTURE 


#**'>> 


S      3       8      S 


^OM     CO 


s  £ 


IS: 


ow«i 


"3  o3 


fgg 


O        <M 
CO        CN 


°  o  ® 


2S 
» as 


■SS2  8 

Soooo   t- 


s     s 


8    8 


&a 


S     S 


8      8 


2S 

©  03 


§    s 


§     8 


Sd   . 


CD  03 


f-COCN     ON        CN 


18  8 
in  <n 


.2  fl 
"S  ftl 


S       8 


,__       ,_  rt  ,-H  ^H  CN 


CN  ^H 


.2  42 


23.2 


3  "§11  s 


i  03  w  2  03  OT 
di3dJ3dTji3d.i3d 

2  fl.3  0.3  ©  o.2  g  a  2 

0  a  a  d  03  O  0  §  d  d 
0oRo0_Ho0oo0 

03  W  03  CO  08  "W  CO  03  O  CO  03 

3333333333 
2(§£££t2<2,2,g(g 


2o 

C3  « 

53 

ft  0.3 


11 


33333 
o  o  o  o  o 

«H  «J- «tS  «S  «S  «-' 


•^ddddddddddc 
§88888888888 


b  a  b  a  s: 
8  88  8  8't 


.saaaftftSftasasaft^ 

CD  r<5  CN  CN  35  S  ri  §5  C~'l  (S  'O  CN  >N  lO ■  (<H 


EXPERIMENTS  WITH  NITROGEN  FERTILIZERS  ON  COTTON  SOILS       11 
EXPERIMENTS  IN  GEORGIA 

An  experiment  made  on  Cecil  sandy  clay  in  Georgia  for  6  years 
gives  further  data  to  show  the  slight  superiority  of  fertilizers  contain- 
ing both  inorganic  and  organic  nitrogen  over  fertilizers  containing 
only  quickly  available  inorganic  nitrogen  on  cotton.  This  experi- 
ment was  made  on  land  on  which  cotton  and  corn  were  grown  in 
rotation  on  two  tiers  of  plots.  The  corn  received  no  fertilizer. 
The  experiment  was  made  in  cooperation  with  the  agronomy  divi- 
sion of  the  Georgia  State  College  of  Agriculture6  and  is  part  of  a 
general  fertilizer  experiment  with  fertilizer  ratios  and  sources  of 
potash  and  nitrogen.  The  data  are  given  in  table  5  for  the  years  1920 
to  1926,  except  1925  when  the  crop  failed  owing  to  abnormal  weather 
conditions. 

The  data  show  greater  returns  from  a  mixture  of  sodium  nitrate  and 
ammonium  sulphate  than  from  either  of  these  inorganic  sources 
singly,  and  still  greater  returns  from  fertilizers  having  nitrogen  de- 
rived in  part  from  inorganic  sources  and  in  part  from  organic  materials, 
such  as  cottonseed  meal,  dried  blood,  fish  scrap,  and  tankage.  There 
was  more  cotton  picked  early  on  plots  receiving  fertilizers  containing 
both  inorganic  and  organic  nitrogen  than  from  plots  fertilized  only 
with  inorganic  nitrogen. 


Table  5. — Effect  of  various  sources  of  nitrogen  in  fertilizers  on  yield  of  cotton  on 
Cecil  sandy  clay,  Athens,  Ga. 


1920 

1921 

1923 

1924 

1926 

I. 

3 

S3 
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bo 
ec 
y 

I 

< 

bfi 

Source  of  nitrogen  in  6-8-4  fertilizer  ap- 
plied at  rate  of  600  pounds  per  acre 

i 
s 

s 

§5 

1 

I 

"3 
>* 

gf 
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§5 
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a 

1 

> 

3 
« 

Sodium  nitrate...  

Lbs. 
1,522 
1,432 

}l,640 
}l,816 

U.804 
Ll,  716 

|l,818 

ll,836 
884 

Pet. 
28 

36 

31 
30 

33 

29 

28 

25 
40 

Lbs. 

996 
892 

834 
840 

1,080 

1,054 

1,022 

944 
600 

Pet. 
48 
55 

57 

57 

59 

56 

63 

64 
60 

Us. 
780 
800 

860 
740 

740 

780 

740 

800 
560 

Pet. 

41 
40 

49 
46 

49 

56 

49 

55 
36 

Lbs 
620 
710 

740 
750 

790 

770 

710 

690 
340 

Pet. 

52 
46 

42 
47 

43 

54 

45 

45 
35 

Lbs. 
562 
550 

650 
750 

700 
775 

762 

750 
237 

Pet. 
27 
29 

34 
32 

31 

27 

33 

29 
4 

Us. 

896 
877 

945 
979 

1,023 

1,019 

1,010 

1,004 
524 

Pet. 
100 

Ammonium  sulphate.— .. 

98 

33  percent  from  sodium  nitrate 

67  percent  from  ammonium  sulphate.. 

67  percent  from  sodium  nitrate 

33  percent  from  ammonium  sulphate. . 

25  percent  from  sodium  nitrate 

25  percent  from  ammonium  sulphate.. 
50  percent  from  dried  blood 

105 

109 

114 

25  percent  from  sodium  nitrate 

25  percent  from  ammonium  sulphate .. 

50  percent  from  cottonseed  meal 

25  percent  from  sodium  nitrate 

25 percent  from  ammonium  sulphate. . 
50  percent  from  fish  scrap 

114 
113 

25  percent  from  sodium  nitrate 

25  percent  from  ammonium  sulphate.. 
50  percent  from  tankage 

112 

No  fertilizer... 

58 

RATIO    OF   INORGANIC    AND    SYNTHETIC    TO    ORGANIC    NITROGEN 

In  1927,  experiments  to  study  the  best  ratio  of  inorganic  and  syn- 
thetic to  organic  nitrogen  in  fertilizer  mixtures  with  phosphoric  acid 
and  potash  were  planned  by  representatives  of  experiment  stations 
of  the  Southeastern  States  and  of  the  United  States  Department  of 

e  Credit  is  due  J.  R.  Fain,  head  of  the  agronomy  division  of  the  Georgia  State  College  of  Agriculture,  for 
cooperation  in  conducting  this  work  and  to  A.  P.  Winston,  superintendent  of  the  dairy  farm,  for  assistance 
in  details  of  conducting  this  experiment. 
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Agriculture.  The  experiments  were  inaugurated  on  a  wide  range  of 
soils  including  the  principal  soil  types  used  for  cotton  production  in 
the  Southeastern  States.  In  this  work,  nitrogen,  phosphoric  acid, 
and  potash  were  used  in  mixtures,  the  source  of  nitrogen  varying. 
The  plan  of  the  experiment  included  sodium  nitrate  as  the  entire 
source  of  nitrogen,  and  nitrogen  from  mixtures  of  sodium  nitrate  and 
cottonseed  meal  in  the  following  proportions,  respectively:  90:10, 
80:20,  65:35,  50:50,  and  25:75.  Ammonium  sulphate  was  likewise 
used  as  the  entire  source  of  nitrogen  and  in  varying  proportions  with 
cottonseed  meal.  Urea  and  Leunasalpeter  as  types  of  synthetic 
nitrogen  were  also  used  as  the  single  sources  of  nitrogen  and  with 
cottonseed  meal  in  varying  proportions.  Plots  fertilized  with  phos- 
phoric acid  and  potash,  without  nitrogen,  were  included  and  served 
as  checks. 

The  results  of  experiments  on  several  soil  types  in  which  this  plan 
was  used  are  as  follows: 

On  Norfolk  sandy  loam  better  results  were  secured  with  fertilizers 
containing  approximately  equal  proportions  of  nitrogen  from  inor- 
ganic salts,  sodium  nitrate  or  ammonium  sulphate,  and  cottonseed 
meal  than  from  fertilizers  containing  nitrogen  from  larger  percentages 
of  inorganic  nitrogen  in  the  first  4  years  of  an  experiment  at  Holland, 
Va.,  reported  by  Batten  and  Hutcheson  (2).  A  similar  result  was 
secured  with  nitrogen  derived  from  Leunasalpeter  and  cottonseed 
meal. 

On  Greenville  sandy  loam  and  Decatur  clay  loam,  better  results 
were  secured  with  fertilizers  containing  nitrogen  derived  entirely  from 
sodium  nitrate,  or  80  percent  or  more  from  sodium  nitrate,  and  a 
small  proportion  from  cottonseed  meal  than  from  fertilizers  contain- 
ing nitrogen  from  small  percentages  of  sodium  nitrate  and  large  per- 
centages of  cottonseed  meal  in  3-year  experiments  in  Alabama, 
reported  by  Tidmore  and  Williamson  (IS) . 

On  Cecil  sandy  loam,  better  results  were  secured  from  fertilizers 
containing  nitrogen  derived  90  percent  from  sodium  nitrate  and  10 
percent  from  cottonseed  meal,  at  Experiment,  Ga.,  in  1930,  reported 
by  Bledsoe  (3,  14),  though  in  previous  years  fertilizers  containing 
nitrogen  from  smaller  percentages  of  sodium  nitrate  and  larger  per- 
centages of  cottonseed  meal  than  this  are  reported  to  have  given  best 
results.  The  65  :  35  and  80  :  20  ratios,  respectively,  of  sodium  nitrate 
and  cottonseed  meal  produced  largest  yields. 

On  Tifton  sandy  loam  at  Tifton,  Ga.,  it  is  reported  (12)  that  work 
in  progress  with  nitrogen  appears  to  show  that  fertilizers  for  cotton 
on  this  soil  gave  best  results  when  the  nitrogen  was  derived  75  to  80 
percent  from  sodium  nitrate  or  ammonium  sulphate  and  25  to  20 
percent  from  organic  material,  such  as  cottonseed  meal. 

In  experiments  on  a  heavy  soil  in  Arkansas  (6,  7),  with  fertilizers 
containing  organic  nitrogen  in  the  form  of  cottonseed  meal  in  varying 
proportions  with  (1)  sodium  nitrate,  (2)  ammonium  sulphate,  and 
(3)  Leunasalpeter,  there  was  a  marked  tendency  the  first  2  years  of 
the  experiments  for  the  yields  of  cotton  to  increase  as  the  ratio  of 
organic  nitrogen  was  reduced  until  the  low  rate  of  30  percent  or  less 
of  organic  nitrogen  was  reached  when  the  yields  differed  but  little. 
These  results,  however,  varied  from  year  to  year,  possibly  owing  to 
weather  conditions.  After  3  years,  best  results  were  secured  with 
higher  ratios  of  organic  nitrogen.     From  the  results  as  a  whole  it 
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appears  that  the  best  ratio  of  inorganic  to  organic  nitrogen  is  70  to 
80  percent  of  the  former  and  30  to  20  percent  of  the  latter. 

Experiments  conducted  by  the  South  Carolina  Agricultural  Exper- 
iment Station,7  to  determine  the  best  ratio  of  inorganic  or  synthetic 
nitrogen  and  cottonseed  meal  for  cotton  soils  in  South  Carolina,  have 
been  in  progress  several  years  on  Cecil  clay  loam,  Norfolk  sandy 
loam,  and  other  soil  types.  The  data  are  helpful  and  in  harmony  with 
those  already  reported  in  other  States,  but  are  not  very  conclusive  as 
to  the  exact  ratio  of  inorganic  to  organic  nitrogen  for  cotton  fertilizers. 

EXPERIMENTS  ON  CECIL  CLAY  LOAM 

The  results  of  a  6-year  experiment  on  Cecil  clay  loam  at  Youngs- 
ville,8  N.C.,  are  given  in  table  6  and  shown  graphically  in  figure  2. 


.500 


400 


NO        PERCENT  OF  TOTAL    NITR0" 
N.        GEN  FROM  SODIUM  NITRATE 
AND  COTTONSEED  MEAL 


PERCENT  OF  TOTAL  NITRO- 
GEN FROM  AMMONIUM 
SULPHATE  AND  COTTON- 
SEED MEAL 


NO        PERCENT  OF  TOTAL  NITRO-      NO 
N,        GEN  FROM    LEUNASAL-  N 

PETER  AND  COTTONSEED 

MEAL 


Figure  2.— Average  yield  of  cotton  for  6  years  on  Cecil  clay  loam,  Youngsville,  N.C.,  from  800  pounds 
per  acre  of  6-10-4  fertilizer  containing  nitrogen  from  various  proportions  of  inorganic  or  synthetic  sources 
and  cottonseed  meal.  Hachured  section  of  column  represents  yield  from  first  picking;  entire  height  of 
column  represents  total  yield. 


In  this  experiment  a  6-10-4  fertilizer  was  applied  annually  at  the 
rate  of  800  pounds  an  acre  in  the  furrow  by  hand  8  to  10  days  before 
planting.  It  was  mixed  in  the  soil  and  bedded  on.  The  beds  were 
settled  at  time  of  planting  the  seed,  and  generally  good  stands  were 
obtained. 

Considering  first  the  sodium  nitrate  series,  the  three  fertilizers 
giving  largest  average  yields  over  the  6-year  period  are  those  having 
nitrogen  derived  90  percent  from  sodium  nitrate  and  10  percent  from 
cottonseed  meal,  80  percent  from  sodium  nitrate  and  20  percent  from 
cottonseed  meal,  and  nitrogen  derived  all  from  sodium  nitrate. 
Largest  yields  were  obtained  for  3  years  from  the  90:10  ratio,  for  2 
years  from  the  80:20  ratio,  and  for  1  year  from  the  fertilizer  having 
nitrogen  entirely  from  sodium  nitrate.     The  yields  from  these  three 

7  Private  communications  by  T.  S.  Bule  and  H.  P.  Cooper  of  the  South  Carolina  Agricultural  Experi- 
ment Station. 

s  Acknowledgment  is  made  for  the  assistance  of  and  cooperation  by  W.  T.  Moss,  Youngsville,  N.C,  who 
furnished  land  for  these  experiments  and  labor  required  for  planting  and  cultivating  the  crop. 
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fertilizers  did  not  vary  widely,  except  the  last  year  of  the  experiment 
when  the  fertilizer  containing  all  of  the  nitrogen  from  sodium  nitrate 
yielded  200  pounds  of  cotton  less  than  the  80:20  mixture. 

There  was  a  substantial  increase  in  yield  of  cotton  from  the  fertilizer 
containing  nitrogen  over  those  containing  phosphate  and  potash  and 
no  nitrogen. 

In  the  6-year  average,  the  yields  with  two  exceptions  increased  as 
the  nitrogen  from  sodium  nitrate  increased  and  that  from  cottonseed 
meal  decreased  to  the  90:10  ratio.  The  lowest  average  yield,  1,027 
pounds  of  cotton  per  acre,  was  from  the  25:75  ratio,  and  the  largest 
average  yield,  1,356  pounds  per  acre,  from  the  90:10  ratio.  The 
fertilizer  having  nitrogen  entirely  from  sodium  nitrate  gave  an  average 
yield  of  1,284  pounds  per  acre. 
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In  the  ammonium  sulphate  series,  the  80:20,  90:10,  and  100:0 
nitrogen  ratios  were  likewise  the  three  highest  yielding  fertilizers 
during  the  6  years  of  the  experiment.  For  3  years  the  fertilizer 
having  nitrogen  entirely  from  ammonium  sulphate  gave  largest 
yields,  for  1  year  the  90:10,  for  1  year  the  80:20,  and  for  1  year  the 
65:35  gave  largest  yields.  The  average  yields  from  the  6-year 
experiment  were  1,316  pounds  per  acre  for  the  fertilizer  having  nitro- 
gen entirely  from  ammonium  sulphate,  1,253  pounds  for  the  90:10 
ratio  mixture,  and  1,219  pounds  from  the  80:20  ratio  mixture.  The 
smallest  yields  were  from  the  mixture  having  nitrogen  derived  25 
percent  from  ammonium  sulphate  and  75  percent  from  cottonseed 
meal  and  from  the  mixture  having  nitrogen  from  equal  proportions 
of  the  two  materials. 

In  the  Leunasalpeter  series,  the  largest  yields  of  cotton  were  from 
the  90:10,  80:20,  and  65:35  ratios.  For  3  years  the  90:10  ratio 
gave  largest  yields,  for  2  years  the  80:20  gave  largest  yields,  and  for 
1  year  the  65:35  gave  largest  yields.  An  average  of  the  6  years' 
results  was  1,120  pounds  for  the  25:75  ratio,  1,136  pounds  for  the 
50:50  ratio,  1,282  pounds  for  the  65:35  ratio,  1,331  pounds  for  the 
80:20  ratio,  1,435  pounds  for  the  90:10  ratio,  and  1,218  pounds  for 
the  fertilizer  with  all  the  nitrogen  derived  from  Leunasalpeter. 

The  relative  effects  of  sodium  nitrate,  ammonium  sulphate,  and 
Leunasalpeter  as  single  sources  of  nitrogen  in  fertilizer  with  phos- 
phoric acid  and  potash  on  this  soil  are  compared  in  table  7.  For  4 
years  ammonium  sulphate  took  the  lead,  for  1  year  sodium  nitrate 
was  higher,  and  for  1  year  Leunasalpeter  gave  largest  yields.  The 
highest  average  yield  of  the  6  years  was  from  ammonium  sulphate. 

Table  7. —  Yields  of  cotton  on  Cecil  clay  loam,  Youngsville,  N.C.f  from  sodium 
nitrate,  ammonium  sulphate,  and  Leunasalpeter  as  sources  of  nitrogen  in  6-10-4 
fertilizer 


Yield  of  seed  cotton  per  acre 
from— 

Year 

Yield  of  seed  cotton  per  acre 
from — 

Year 

Sodium 
nitrate 

Ammo- 
nium 
sulphate 

Leunasal- 
peter 

Sodium 
nitrate 

Ammo- 
nium 
sulphate 

Leunasal- 
peter 

1928 

Pounds 

936 

1,024 

1,044 

1,793 

Pounds 
1,080 
1,116 
1,184 
1,645 

Pounds 

960 

900 

850 

1,882 

1932. . 

Pounds 

819 

2,088 

Pounds 
1,340 
1,531 

Pounds 
769 

1929 

1933.... 

1,944 

1930 

Average 

1931-. 

1,284 

1,316 

1  218 

There  was  not  a  wide  variation  in  yield  from  fertilizers  containing 
sodium  nitrate,  ammonium  sulphate,  or  Leunasalpeter,  wrhen  part  of 
the  nitrogen  in  the  mixture  was  derived  from  the  inorganic  or  syn- 
thetic source  and  part  from  cottonseed  meal  As  shown  in  table  6, 
for  2  years,  1928  and  1930,  the  yields  were  practically  the  same;  the 
sodium  nitrate  series  gave  largest  yields  for  2  years,  the  ammonium 
sulphate  series  for  1  year,  and  the  Leunasalpeter  series  for  1  year. 

Fertilizers  giving  largest  total  yields  generally  gave  largest  yields 
of  cotton  at  the  first  picking,  as  shown  in  figure  2,  indicating  the  ratio 
of  quickly  available  inorganic  nitrogen  to  slowly  available  nitrogen 
from  cottonseed  meal  which  gives  largest  yields  on  this  soil;  also 
gives  the  earliest  cotton. 
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EXPERIMENTS  ON  NORFOLK  FINE  SAND 


A  nitrogen-ratio  experiment  was  made  for  a  single  year  on  Norfolk 
fine  sand  at  the  Sandhill  Experiment  Station  of  Clemson  College, 
near  Columbia,  S.C.  This  soil  is  typical  of  that  occurring  in  the  sand- 
hill section  of  North  Carolina,  South  Carolina,  and  Georgia,  shown 
in  figure  3.     Much  of  this  area  is  devoted  to  cotton  production, 


Figure  3.— Sand-hill  section  of  North  Carolina,  South  Carolina,  and  Georgia,  lying  between  the  Pied- 
mont and  Atlantic  Coastal  Plains  belts,  where  Norfolk  fine  sand  occurs  in  large  areas.  Shaded  section 
is  the  sand-hill  section. 

although  some  of  this  soil  is  naturally  unproductive  and  may  be 
expected  to  give  small  yields  of  cotton  unless  large  applications  of 
fertilizer  are  used.  Commercial  fertilizers  are  necessary  for  cotton 
on  this  soil  and  usually  two  applications  each  season  are  made. 
The  fertilizers  used  in  the  nitrogen-ratio  experiments  were  applied  in 
two  applications,  400  pounds  an  acre  a  few  days  before  planting  and 
400  pounds  as  a  side  dressing  4  weeks  after  the  plants  came  up.  The 
results  are  given  in  table  8. 
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Table  8. —  Yields  of  cotton  on  Norfolk  fine  sand  from  fertilizer  containing  different 
sources  of  nitrogen  and  different  proportions  of  nitrogen  from  inorganic  or  syn- 
thetic and  organic  nitrogen,  Sandhill  Experiment  Station,  Columbia,  S.C. 


[Fertilizer  applied  at  rate  of  800  pounds  per  acre,  one-half  before  planting  and  one-half  4  weeks  after  cotton 

came  up] 

Source  of  nitrogen  in  6-8-4  fertilizer  ' 

Yield  of 
cotton 
per  acre 

Cotton 
open  first 
picking 

No  nitrogen 

Pounds 
220 
594 
587 
597 
511 
403 
409 
205 
230 
615 
543 
533 
440 
445 
407 
240 
196 
480 
531 
500 
580 
454 
371 
234 

Percent 
90 

25  percent  from  sodium  nitrate,  75  percent  from  cottonseed  meal 

89 

50  percent  from  sodium  nitrate,  50  percent  from  cottonseed  meal 

72 

65  percent  from  sodium  nitrate,  35  percent  from  cottonseed  meal— 

81 

80  percent  from  sodium  nitrate.  20  percent  from  cottonseed  meal 

80 

90  percent  from  sodium  nitrate,  10  percent  from  cottonseed  meal 

81 

100  percent  from  sodium  nitrate,  0  percent  from  cottonseed  meal— 

71 

No  nitrogen 

70 

Do— 

92 

25  percent  from  ammonium  sulphate,  75  percent  from  cottonseed  meal. 

86 

50  percent  from  ammonium  sulphate,  50  percent  from  cottonseed  meal  - 

80 

05  percent  from  ammonium  sulphate,  35  percent  from  cottonseed  meal.... 

86 

80  percent  from  ammonium  sulphate,  20  percent  from  cottonseed  meal 

88 

90  percent  from  ammonium  sulphate,  10  percent  from  cottonseed  meal 

91 

100  percent  from  ammonium  sulphate,  0  percent  from  cottonseed  meal- 

90 

No  nitrogen  _ 

92 

Do 

93 

25  percent  from  Leunasalpeter,  75  percent  from  cottonseed  meal 

95 

50  percent  from  Leunasalpeter,  50  percent  from  cottonseed  meal .      

89 

65  percent  from  Leunasalpeter,  35  percent  from  cottonseed  meal 

86 

80  percent  from  Leunasalpeter,  20  percent  from  cottonseed  meal 

89 

90  percent  from  Leunasalpeter,  10  percent  from  cottonseed  meal 

100  percent  from  Leunasalpeter,  0  percent  from  cottonseed  meal. . 

89 

83 

1  Source  of  fertilizer  ingredients,  nitrogen  as  noted,  phosphoric  acid  from  superphosphate,  potash  from 
potassium  sulphate. 

In  this  experiment  the  fertilizers  containing  nitrogen  derived  from 
the  higher  percentages  of  cottonseed  meal  gave  highest  yields.  In 
the  sodium  nitrate  and  ammonium  sulphate  series  mixtures  contain- 
ing from  35  to  75  percent  of  the  nitrogen  from  cottonseed  meal  and 
the  remainder  from  sodium  nitrate  or  ammonium  sulphate  were  best. 
Fertilizer  containing  nitrogen  from  mixtures  of  Leunasalpeter  and 
cottonseed  meal  gave  best  results  when  the  nitrogen  was  derived  20 
to  50  percent  from  the  latter.  It  would  seem  that  for  best  results 
with  cotton  on  this  sandy  soil  the  nitrogen  in  the  fertilizer  should 
contain  more  of  the  slowly  available  form  than  for  cotton  on  a  sandy 
loam  or  a  heavy  clay  soil. 

There  was  a  marked  increase  in  yield  of  early  cotton  from  ferti- 
lizers containiug  the  higher  percentages  of  slowly  available  nitrogea 
compared  with  those  containing  principally  quickly  available  nitrogen 

EXPERIMENTS  ON  RUSTON  SANDY  LOAM 


NITROGEN    RATIOS 

An  experiment  was  made  on  Huston  sandy  loam  at  Fayetteville 
N.C.,9  for  3  years.  Preceding  the  inauguration^  the  experiment  the, 
field  had  grown  cotton  in  rotation  with  corn  interplanted  with  soy- 
bye  ans.  The  vegetation  produced  by  the  soybeans  was  plowed  under 
in  the  fall  for  green  manure.  By  this  practice  the  soil  had  been 
maintained  at  a  high  level  of  fertility,  and  large  yields  of  cotton  were 

9  Land  for  the  experiments  on  Ruston  sandy  loam,  at  Fayetteville,  N.C,  was  contributed  by  T.  J.  Purdie. 
His  helpful  assistance  and  cooperation  is  acknowledged  and  that  of  S.  P.  Guy,  who  contributed  labor  for 
planting  and  cultivating  the  crop.  The  general  assistance  of  N.  B.  Stevens,  county  agent  of  Cumberland 
C  ounty,  is  appreciated. 
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secured.  The  year  preceding  the  inauguration  of  the  experiment,  the 
field  was  in  corn  and  soybeans  and  a  mass  of  vegetation  from  the  soy- 
bean vines  was  turned  under  late  in  the  fall.  Cotton  was  grown 
continuously  in  the  experiment  for  3  years,  each  plot  receiving  identical 
fertilizer  treatments  each  year,  and  no  vegetation  except  cotton  stalks 
was  grown  or  turned  under  during  the  3-year  period.  In  this  experi- 
ment 800  pounds  an  acre  of  a  6-8-8  or  0^-8-8  fertilizer  were  used  and 
applied  before  planting.  The  results  secured  in  1931,  1932,  and  1933 
are  given  in  figure  4  and  in  table  9. 

Table  9. —  Yields  of  cotton  on  Ruston  sandy  loam,  Fayetteville,  N.C.,  from  fertilizer 
containing  nitrogen  from  different  sources  and  varying  percentages  of  mineral, 
synthetic,  and  organic  nitrogen 

[Fertilizer  applied  at  rate  of  800  pounds  per  acre;  source  of  fertilizer  ingredients:  Nitrogen  as  noted,  phosphoric 
acid  from  superphosphate,  potash  from  potassium  chloride] 


1931 

1932 

1933 

Source  of  nitrogen  in  6-8-8  fertilizer 

Yield 
per 
acre 

Cotton 
open 
first 

picking 

Yield 
per 
acre 

Cotton 
open 
first 

picking 

Yield 
per 
acre 

Cotton 
open 
first 

picking 

Aver- 
age 
yield 

Pounds 
2,370 

Percent 

78 

Pounds 
1,325 

Percent 
60 

Pounds 
1,425 

Percent 
91 

Pounds 
1,707 

25  percent  from  sodium  nitrate,  75  percent 

2,100 
2,100 
2,025 
2,225 
2,090 
2,100 

84 
71 
70 
73 
74 
74 

1,350 
1,387 
1,538 
1,540 
1,537 
1,437 

53 
50 
49 
51 
45 
55 

2,001 
2,050 
2,125 
2,219 
2,100 
2,150 

85 
80 
78 
81 
74 
81 

1,817 

50  percent  from  sodium  nitrate,  50  percent 

1,846 

65  percent  from  sodium  nitrate,  35  percent 

1,896 

80  percent  from  sodium  nitrate,  20  percent 

1,995 

90  percent  from  sodium  nitrate,  10  percent 

1,909 

100  percent  from  sodium  nitrate,  0  percent 
from  cottonseed  meal.. 

1, 896 

2,107 

1,465 

2,108 

.  ._. 

2,325 

82 

1,362 

58 

1,400 

96 

1,696 

25  percent  from  ammonium  sulphate,  75  per- 

2,100 
2,100 
2,075 
2,175 
2,110 
1,975 

80 

81 
75 
71 
76 
76 

1,412 
1,487 
1,537 
1,562 
1,537 
1,387 

56 
58 
54 
53 
50 
54 

1,802 
1,891 
1,862 
1,962 
1,825 
1,788 

84 
85 
82 
81 
80 
84 

1,771 

50  percent  from  ammonium  sulphate,  50  per- 

1,826 

65  percent  from  ammonium  sulphate,  35  per- 

1,825 

80  percent  from  ammonium  sulphate,  20  per- 

1,900 

90  percent  from  ammonium  sulphate,  10  per- 

1,824 

100  percent  from  ammonium  sulphate,  0  per- 

1,717 

Average  of  ammonium  sulphate  series 

2,089 

1,487 

1,855 

2,240 

83 

1,325 

47 

1,438 

96 

1,668 

25  percent  from  urea,  75  percent  from  cotton- 
seed meal 

2,000 
1,925 
2,135 
2,060 
2,025 
1,975 

90 
75 
76 
75 
75 
78 

1,437 
1,524 
1,335 
1,362 
1,500 
1,437 

58 
55 
54 
50 
57 
54 

1,895 
1,987 
2,012 
1,875 
1,880 
1,762 

88 
89 
87 
86 
84 
88 

1,777 

50  percent  from  urea,  50  percent  from  cotton- 

1,812 

65  percent  from  urea,  35  percent  from  cotton- 

1,827 

80  percent  from  urea,  20  percent  from  cotton- 

1,766 

90  percent  from  urea,  10  percent  from  cotton- 

1,802 

100  percent  from  urea,  0  percent  from  cotton- 

1,725 

2,019 

1.403 

1,902 

2,350 
2,321 

84 

1,300 
1,328 

58 

1,425 
1,422 

95 

20         TECHNICAL  BULLETIN  452,  U.  S.  DEPT.  OF  AGRICULTURE 


PERCENT  OF  TOTAL  NITRO- 
GEN FROM  SODIUM  NITRATE 
AND  COTTONSEE0  MEAL 


PERCENT  OF  TOTAL  NITRO- 
GEN FROM  AMMONIUM  SUL- 
PHATE AND  COTTONSEED 
MEAL 


PERCENT  OF  TOTAL  NITRO- 
GEN FROM  UREA  AND 
COTTONSEED  MEAL 
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In  1931,  when  cotton  followed  corn  and  soybeans,  the  no-nitrogen 
fertilizers  gave  larger  yields  than  did  any  of  the  fertilizer  mixtures 
containing  nitrogen,  regardless  of  the  source  of  nitrogen.  In  1932,  the 
second  year  after  corn  and  soybeans  were  grown,  the  yields  from  the 
fertilizers  containing  nitrogen  were  greater  than  from  the  no-nitrogen 
fertilizers,  but  the  differences  were  not  wide.  In  1933,  after  cotton 
had  grown  2  years  in  succession  without  turning  under  green-manure 
crops,  there  was  a  decidedly  increased  yield  from  the  nitrogen  fertilizer 
over  the  no-nitrogen  fertilizers. 

Considering  first  the  sodium  nitrate  series,  the  largest  average  yield 
for  the  3  years,  1,995  pounds  of  seed  cotton  per  acre,  was  obtained  from 
the  mixture  having  its  nitrogen  derived  80  percent  from  sodium  nitrate 
and  20  percent  from  cottonseed  meal.  The  90:10  and  65:35  ratios 
produced  yields  very  near  those  of  the  80:20  ratio.  Fertilizer  having 
its  nitrogen  derived  entirely  from  sodium  nitrate  gave  an  average 
yield  of  1,896  pounds  an  acre,  and  the  mixture  having  its  nitrogen  50 
percent  from  the  inorganic  source  and  50  percent  from  the  organic 
source  gave  an  average  yield  of  1,846  pounds  an  acre.  Though  there 
was  no  increased  yield  from  nitrogen  the  first  year  of  the  experiment, 
the  largest  yield  from  fertilizers  containing  nitrogen  was  from  the  80:20 
ratio  this  year  as  well  as  the  second  and  third  years  of  the  experiment. 

In  the  ammonium  sulphate  series,  the  largest  average  yield,  1,900 
pounds  per  acre,  was  also  from  the  fertilizer  having  the  nitrogen  derived 
80  percent  from  ammonium  sulphate  and  20  percent  from  cottonseed 
meal.  The  90: 10,  65:35,  and  50:50  ratios  gave  about  the  same  average 
vield  over  the  3-year  period.  The  largest  yield  each  year  was  from 
the  80:20  ratio. 

The  results  in  the  urea  series  were  not  so  uniform.  The  highest 
average  yield  of  1,827  pounds  was  from  the  65:35  ratio.  However, 
this  did  not  vary  widely  from  the  yield  produced  by  the  90:10  and 
50 :50  ratio.   The  65:35  ratio  gave  the  highest  yield  in  2  of  the  3  years. 

The  lack  of  response  to  nitrogen  the  first  year  of  the  experiment  may 
be  attributed  to  the  growing  and  incorporation  of  soybean  vines  with 
the  soil  the  preceding  year.  It  has  been  noted  that  added  nitrogen 
produced  a  slight  increase  the  second  year  and  a  marked  increase  the 
third  year,  indicating  a  decrease  of  nitrogen  supplied  from  the  legume 
green-manure  crop  the  second  year  and  possibly  a  depletion  of  this 
nitrogen  the  third  year. 

When  the  experiment  was  started  in  the  spring  of  1931,  the  soil  con- 
tained 1.02  percent  of  carbon  and  0.065  percent  of  total  nitrogen. 
At  the  end  of  the  experiment  in  1933  its  organic  carbon  content  was 
0.86  percent  and  its  total  nitrogen  content  0.053  percent.  The  pH  of 
the  soil  of  the  different  plots  was  practically  the  same,  ranging  from 
5.0  to  5.3.  The  addition  of  the  various  nitrogen  materials  did  not 
change  the  reaction  of  the  soil  appreciably  during  the  3  years. 

Fertilizers  giving  largest  total  yields  generally  gave  largest  yields 
of  early  cotton  as  noted  by  yields  secured  at  the  first  pickings  shown  in 
figures  2  and  4. 

Fertilizer  containing  nitrogen,  80  percent  from  inorganic  sources 
and  20  percent  from  organic,  have  given  best  results. 

The  use  of  large  percentages  of  nitrogen  from  the  more  expensive 
organic  sources  of  vegetable  and  animal  waste  origin  would  not  seem 
justifiable,  as  indicated  by  the  results  secured  on  the  Ruston  sandy 
loam  or  the  Cecil  clay  loam  previously  discussed.     There  is  some 
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indication,  however,  that  fertilizer  for  cotton  on  the  lighter  phases  of 
Norfolk  sandy  soils  should  contain  slightly  more  slowly  available 
organic  nitrogen  than  fertilizer  for  cotton  on  the  heavier  Cecil  clay 
loam. 

These  results  are  in  general  harmony  with  the  results  of  similar 
experiments  on  Greenville  sandy  loam  and  Decatur  clay  loam  in 
Alabama,  on  Cecil  sandy  clay  loam  and  Tifton  sandy  loam  in  Georgia, 
and  on  heavy  soils  in  Arkansas. 

Lighter  and  more  sandy  soils  than  these  produced  larger  yields  of 
cotton  when  the  fertilizer  containing  nitrogen,  phosphoric  acid,  and 
potash,  applied  before  planting,  had  nitrogen  derived  approximately 
half  from  inorganic  sources,  as  sodium  nitrate  or  ammonium  sulphate, 
and  half  from  cottonseed  meal,  as  shown  by  results  of  experiments  on 
Norfolk  fine  sand  in  South  Carolina,  which  is  in  general  harmony  with 
the  results  reported  on  Norfolk  sandy  loam  in  Virginia. 

NITROGEN    SOURCES    AND    TIME    OF    APPLICATION 

The  comparative  effects  of  sodium  nitrate,  ammonium  sulphate,  and 
urea  as  sources  of  nitrogen  in  cotton  fertilizers  on  Ruston  sandy  loam, 
when  used  as  a  single  source  or  in  mixtures,  first,  with  cottonseed 
meal,  and  second,  with  ammonium  phosphate,  are  given  in  table  10, 
together  with  data  on  effect  of  time  of  application  of  nitrogen  on 
cotton  yields. 

Table  10.- — Comparative  effects  of  sodium  nitrate,  ammonium  sulphate,  and  urea, 
as  sources  of  nitrogen,  in  mixtures  with  phosphate  and  potash  for  cotton  on  Ruston 
sandy  loam 

[6-8-8  fertilizer  applied  at  rate  of  800  pounds  per  acre] 


Fertilizer 

analysis 

(NH-i-P205- 

K20) 

Composition  of  fer- 
tilizer in  nitrogen 

De- 
layed 
appli- 
cation 
of  ni- 
trogen 

Form  of  fertilizer  and  time 
of  application 

Year 

Yield  of  cotton  per 
acre  from— 

Sodi- 
um 
nitrate 

Am- 
mo- 
nium 
sul- 
phate 

Urea 

6-8-8 

Single  source. . 

None.. 

...do... 

24 

pounds  1 
NH3 

32 

pounds 2 
NH3 

None.. 

In  mixture,  all  applied  before 
planting. 

do 

[1931 
•U932 
U933 
[1931 
{1932 
1.1933 
(1931 
U932 
[1933 

1931 

H932 

1933 

(1931 

hm-2 
I1933 

Lbs. 
2,100 
1,437 
2,150 
2,108 
1,471 
2, 099 
1,975 
1,306 
1,675 

1,912 
1,480 
1,857 

1,836 
1, 324 
1,603 

Lbs. 
1,975 
1,387 
1,788 
2,112 
1,507 
1,868 
1,743 
1,299 
1,580 

1,755 
1,389 
1,788 

1,675 
1,292 

1,557 

Lbs. 
1,975 

6-8-8 

In  various  proportions 
of  cottonseed  meal, 
average  5  mixtures. 

Single  source 

1,437 
1,762 
2,028 

3-8-8 

3-8-8  applied  before  planting, 

24  pounds  of  nitrogen  at 

chopping. 
(2-8-8  applied  before  planting, 

16  pounds  of  nitrogen  at 
<    chopping,     16    pounds   of 

nitrogen  3  weeks  after  chop- 
l    Ping. 
In    mixture   applied    before 

planting. 

1,432 
1,930 
1,906 
1,318 

2-8-8 

Single  source.. 

1,572 

1,987 
1,300 

6-8-8 

With      ammonium 
phosphate. 

1,837 

1,812 
1,268 
1,200 

A  verage. 

1,755.5 

1,647.6 

1, 650.  9 

1  800  pounds  of  3-8-8  and  24  pounds  of  nitrogen  equivalent  in  nitrogen  to  800  pounds  of  6-8-8. 

2  800  pounds  of  2-8-8  and  32  pounds  of  nitrogen  equivalent  in  nitrogen  to  800  pounds  of  6-8-8. 
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The  yields  indicate  that  when  the  three  are  used,  each  as  the  entire 
source  of  nitrogen  in  fertilizer  for  preplanting  applications,  sodium 
nitrate  is  relatively  more  efficient,  although  in  1  year  of  the  3  urea 
gave  as  large  a  yield.  Where  each  was  used  with  cottonseed  meal, 
there  was  not  a  marked  difference  in  yield.  The  average  of  the  3 
years,  however,  is  in  favor  of  sodium  nitrate.  Where  each  was  used 
with  ammonium  phosphate,  sodium  nitrate  was  more  efficient  than 
ammonium  sulphate  or  urea. 

Sodium  nitrate  gave  slightly  better  results  than  ammonium  sulphate 
or  urea,  when  part  of  the  nitrogen  was  applied  in  mixtures  with  phos- 
phoric acid  and  potash  before  planting  and  part  later  in  the  growing 
period.  The  data  as  a  whole  show  that  slightly  better  yields  may  be 
secured  from  sodium  nitrate  than  from  ammonium  sulphate  or  urea. 
Although  the  former  is  a  physiologically  alkaline  fertilizer  and  the 
latter  two  are  physiologically  acid  fertilizers,  any  change  in  the  reac- 
tion of  the  soil  was  not  appreciable  as  the  pH  of  the  soil  was  practically 
the  same  at  the  end  of  the  3-year  period.  The  more  favorable  results 
from  sodium  nitrate  may  be  attributed  to  a  number  of  factors,  possibly 
to  a  temporary  change  in  the  reaction  of  the  soil  during  the  growing 
period  or  possibly  because  nitrate  nitrogen  is  more  favorable  to 
cotton  on  this  soil  type. 

The  data  are  arranged  in  table  1 1  to  show  the  effects  of  nitrogen, 
applied  at  different  times,  on  the  stand,  yield,  and  earliness  of  cotton. 


24    TECHNICAL  BULLETIN  452,  TJ.  B.  DEFT.  OF  AGRICULTURE 


PI  _     SP 


■§g£3    g£3    38g    8! 

gooto      r^i>>o      SnS      Ki 


•SO«0        NXO        00  CI  <N        1^.  O 

e^'S      i2°°°°      oocor~      cot- 
g  ph  c©      oot*->3      t^j^o      oooo 


|as  rs^  sa^  2=° 
I 


gigs   g;*g   giss   s§g 

I 


o  © 


.9x3  fl-g  ® 


111  § 

03  *=  Q.SO 

©  a  a    £ 


■OS  OS  t~  ( 

>C»        CO  ^  < 


SO-*       **COC©       o-^c* 


S"*0        COOCI        r-ioOOS        rtQS 

«-> 
k, 

i 


^ 


S>C        NiOCO        us  «C  QD        t^»0 
t--  rH  t^  TJH  lOI^O  O0<M 

ho        OS  OS  l^-        I^OSOS        OSO 


SOlO         MCO         OlOM         CI  rH 


I    !co 

!       '  JO      ! 

i  CO 

;     >T3 

i      ITJ      , 

I'd 

(h 

!  :g  i 

PI 

!  3 

i  !* 

i      i  O     i 

i  o 

!  a 

!     !  CO 

,       ]  hH 

!    !  Wi 

I'M! 

:yj 

'  fec.S    ' 

ti| 

;  a  a 

|  Bft    ! 

pi  a 

ill 

'III! 

if 

!+j  * 

J^a  03      ' 

+a  03 

)*a 

:*c  ; 

2s 

o  >-> 

!-"S"a 

!  3  '3    ! 

5*3 

!  a^ 

!  fi       ! 

p) 

i'S0! 

;o°| 

o°_2    ' 

l-c-c- 

'T3rS'~' 

'O-a-   1 

nil 

:§§i 

g»a| 

slsfs 

as*: 

£32 

£32    £ 

CI— l            i 

o  o 


o  o 

to  co 

aa 


+4 

eoc* 

oo 

co  co 

aa 


EXPERIMENTS  WITH  NITROGEN  FERTILIZERS   ON  COTTON  SOILS      25 

fertilizer  with  a  6-8-8  analysis,  containing  sodium  nitrate,  when 
applied  at  the  rate  of  800  pounds  an  acre,  before  planting  interfered 
slightly  more  with  the  germination  of  the  cotton  in  1931,  than  when 
one-half  and  two-thirds  of  the  inorganic  nitrogen  was  withheld  for 
later  applications.  However,  in  the  second  and  third  years  there  was 
no  difference  in  this  respect.  The  yields  from  fertilizers  containing 
the  full  amount  of  nitrogen  applied  before  planting  were  larger  in  2 
years  than  when  one-half  and  two-thirds  of  the  nitrogen  was  withheld 
for  later  applications.  The  average  for  the  3  years  is  in  favor  of 
applying  all  the  nitrogen  with  phosphoric  acid  and  potash  before 
planting.  There  is  some  evidence  to  show  that  withholding  part  of 
the  nitrogen  for  later  applications  favors  an  earlier  opening  of  a  larger 
percentage  of  cotton,  but  this  tendency  is  slight. 

The  fertilizer  containing  ammonium  sulphate  when  applied  before 
planting  interfered  more  with  the  germination  of  the  cotton,  but  gave 
larger  yields  than  when  one-half  and  two-tnirds  of  the  nitrogen  was 
withheld  for  later  applications  the  first  year  of  the  experiment.  The 
average  yield  is  but  slightly  in  favor  of  application  of  all  nitrogen  with 
phosphoric  acid  and  potash  before  planting.  More  cotton  opened 
earlier  when  the  nitrogen  was  applied  in  2  or  3  applications. 

Where  urea  was  used  as  the  source  of  nitrogen,  the  results  are  not 
clear  as  to  the  most  favorable  time  for  applying  nitrogen.  There  was  no 
marked  or  consistent  difference  in  yield  or  time  of  maturing  of  cotton, 
resulting  from  the  variation  in  time  of  applying  the  nitrogen.  From 
the  results  of  each  of  the  series  of  experiments  there  seems  no  evidence 
to  favor  split  or  delayed  applications  of  part  of  the  nitrogen  for  cotton 
on  the  Ruston  soil. 

NITROGEN    SOURCES    IN    CONCENTRATED    FERTILIZERS 

The  experiments  on  Ruston  sandy  loam  included  a  study  of  sodium 
nitrate,  ammonium  sulphate,  and  urea  as  sources  of  nitrogen  in  con- 
centrated fertilizers  with  ammonium  phosphate  and  potassium  sul- 
phate. Fertilizers  were  prepared  in  double  strength,  analyzing  12 
percent  of  ammonia,  16  percent  of  phosphoric  acid,  and  16  percent  of 
potash,  and  compared  with  a  6-8-8  fertilizer  containing  superphos- 
phate, nitrogen,  and  potassium  sulphate.  The  results  are  given  in 
table  12.  The  double-strength  fertilizer  containing  ammonium  phos- 
phate, sodium  nitrate,  and  potash  did  not  give  as  large  yields  of  cotton 
as  the  single-strength  fertilizer  composed  of  superphosphate,  sodium 
nitrate,  and  potash.  The  substitution  of  cottonseed  meal  as  part  of 
the  nitrogen  in  the  6-8-8  fertilizer  produced  the  same  quantity  of 
cotton  as  the  fertilizer  containing  all  its  nitrogen  from  sodium  nitrate. 

Neither  did  the  concentrated  fertilizer  composed  of  ammonium 
phosphate,  ammonium  sulphate,  and  potassium  sulphate  give  as  good 
returns  as  the  6-8-8  composed  of  superphosphate,  ammonium  sul- 
phate, and  potassium  sulphate.  The  substitution  of  cottonseed  meal  for 
part  of  the  ammonium  sulphate  made  the  fertilizer  more  efficient  for 
cotton. 

Likewise  the  concentrated  fertilizer  containing  ammonium  phos- 
phate, urea,  and  potassium  sulphate  was  less  favorable  to  cotton  than 
the  single-strength  fertilizer  composed  of  superphosphate,  urea,  and 
potassium  sulphate.  The  6-8-8  fertilizer  containing  both  urea  and 
cottonseed  meal  as  sources  of  nitrogen  gave  larger  yields  of  cotton  than 
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fertilizer  containing  only  urea,  in  all  but  1  year,  and  larger  average 
yields  for  3  years. 

Table    12. — Yields  of  cotton  from   ordinary -analysis  fertilizer   and  concentrated 
fertilizer  on  Ruston  sandy  loam,  FayetlcDille,  N.C. 


Fertilizer 

analysis 

(XH3-P2O5- 

K20) 

Rate 
per 
acre 

Source  of  fertilizer  materials 

1931 

1932 

1933 

Aver- 
age 

6-0-S 

Pounds 
800 

800 

400 

800 

800 

400 

800 
800 

400 

Superphosphate,'  sodium  nitrate,  and  potas- 
sium sulphate. 

Superphosphate,  sodium  nitrate,  cottonseed 
meal,  and  potassium  sulphate.1 

Ammonium  phosphate,  sodium  nitrate,  and 
potassium  sulphate. 

Superphosphate,  ammonium  sulphate,  and 
potassium  sulphate. 

Superphosphate,  ammonium  sulphate,  cotton- 
seed meal,  and  potassium  sulphate.2 

Ammonium  phosphate,  ammonium  sulphate, 
and  potassium  sulphate. 

Superphosphate,  urea,  and  potassium  sulphate 

Superphosphate,  urea,  cottonseed  meal,  and 
potassium  sulphate.3 

Ammonium  phosphate,  urea,  and  potassium 
sulphate. 

Pounds 
2,100 

2,  025 

1.S36 

1,  975 

2,075 

1,675 

1,975 
2, 135 

1,812 

1,025 

Pounds 
1,  437 

1,538 

1,  324 

1,  387 

1,537 

1,292 

1,437 
1,  335 

1,268 

762 

Pounds 
2,150 

2,125 

1, 603 

1,788 

1,862 

1,557 

1,762 
2,012 

1,200 

870 

Pounds 
1, 896 

1,896 

1,588 

1,717 

1,825 

1,508 

1,  725 
1,827 

1,427 

886 

6-8-8        

12-16-16 

6-8-8 

6-8-8 

12-16-16 

6-8-8 

6-8-8 

12-16-16 

No  fertilizer, . . 

1  Nitrogen  derived  65  percent  from  sodium  nitrate  and  35  percent  from  cottonseed  meal. 

2  Nitrogen  derived  65  percent  from  ammonium  sulphate  and  35  percent  from  cottonseed  meal. 

3  Nitrogen  derived  65  percent  from  urea  and  35  percent  from  cottonseed  meal. 

SUMMARY 

Results  of  experiments  are  reported  showing  the  relative  effects  of 
various  sources  of  inorganic,  synthetic,  and  organic  nitrogen  in 
fertilizers  for  cotton  on  the  principal  soils  of  the  southeastern  Cotton 
Belt.  On  many  soils  there  was  not  a  wide  variation  in  yield  of  cotton 
from  fertilizers  containing  phosphoric  acid  and  potash  with  different 
sources  of  nitrogen,  such  as  sodium  nitrate,  ammonium  sulphate, 
ammonium  nitrate,  urea,  Leunasalpeter,  and  ammonium  phosphate. 
In  some  of  the  experiments  ammonium  chloride  gave  slightly  lower 
yields. 

Fertilizers  containing  nitrogen  derived  partly  from  quickly  available 
inorganic  or  synthetic  nitrogen  and  partly  from  slowly  available 
organic  nitrogen  of  vegetable  or  animal-waste  origin  gave  larger  returns 
on  some  soils  than  fertilizers  containing  only  quickly  available  inor- 
ganic or  synthetic  nitrogen,  while  on  other  soils  quickly  available 
nitrogen  gave  as  good  results  as  a  mixture  of  the  two  types  of  nitrogen 
carriers. 

In  a  6-year  experiment  on  Cecil  clay  loam  in  North  Carolina  a 
6-8-4  fertilizer,  applied  at  the  rate  of  800  pounds  an  acre  in  which 
nitrogen  was  derived  from  various  proportions  of  sodium  nitrate  and 
cottonseed  meal,  gave  larger  average  yields  with  the  90:10  ratio, 
followed  closely  by  the  80  :  20  ratio.  Fertilizers  containing  ammo- 
nium sulphate  as  the  entire  source  of  nitrogen  gave  larger  average 
yields  than  those  containing  a  mixture  of  ammonium  sulphate  and 
cottonseed  meal.  The  next  most  effective  in  this  series  was  the  90  :  10 
ratio.  When  Leunasalpeter  and  cottonseed  meal  were  used  as  the 
source  of  nitrogen,  largest  returns  were  from  the  90:10  ratio. 

The  largest  yields  of  cotton  at  the  early  pickings  on  the  Cecil 
clay  loam  were  generally  from   the  fertilizers  giving  largest  total 


EXPERIMENTS  WITH  NITROGEN  FERTILIZERS  ON  COTTON  SOILS       27 

yields.  However,  in  the  ammonium  sulphate-cottonseed  meal  mix- 
tures there  was  a  tendency  for  the  early  yields  to  increase  as  the 
nitrogen  from  cottonseed  meal  increased.  Nitrogen,  65  percent 
from  sodium  nitrate  and  35  percent  from  cottonseed  meal,  proved 
to  be  the  most  effective  ratio. 

On  Norfolk  fine  sand  in  South  Carolina,  more  favorable  results 
were  secured  when  the  nitrogen  was  derived  35  to  75  percent  from 
organic  sources,  such  as  cottonseed  meal,  and  the  remainder  from 
quickly  available  inorganic  sources.  In  these  experiments  the  ferti- 
lizer giving  largest  yields  generally  produced  most  cotton  at  the 
first  picking. 

In  a  3-year  experiment  on  Ruston  sandy  loam  in  North  Carolina, 
no  increased  yields  of  cotton  were  secured  from  the  addition  of  com- 
mercial nitrogen  the  first  year  on  soil  on  which  corn  and  soybeans 
had  grown  the  preceding  year.  The  soil  contained  1.02  percent  of 
carbon  and  0.065  percent  of  nitrogen  at  the  beginning  of  the  experi- 
ment. The  second  year  a  moderate  response  from  added  nitrogen 
was  secured  and  the  third  year  a  marked  response.  The  soil  at  the 
end  of  the  3-year  period  contained  0.86  percent  of  carbon  and  0.053 
percent  of  nitrogen. 

The  first  year  of  the  experiment  fertilizers  containing  nitrogen  in 
the  proportion  of  80:20  from  sodium  nitrate  and  cottonseed  meal, 
respectively,  gave  largest  returns.  With  mixtures  of  ammonium  sul- 
phate and  cottonseed  meal  the  80 :  20  ratio  was  best,  and  with  mixtures 
of  urea  and  cottonseed  meal  the  65 :  35  ratio  gave  best  results. 

The  second  year  fertilizers  containing  nitrogen  in  the  proportion 
of  65:35,  80:20,  and  90:10  from  sodium  nitrate  and  cottonseed 
meal,  gave  equally  good  results.  Fertilizers  containing  nitrogen 
from  ammonium  sulphate  and  cottonseed  meal  were  most  effective 
when  the  nitrogen  was  80  percent  from  the  former  and  20  percent 
from  the  latter.  The  65:35  and  90:10  ratios  gave  almost  as  good 
results.  The  yields  from  mixtures  of  urea  and  cottonseed  meal  were 
not  consistent. 

The  third  year  the  80:20  ratio  of  sodium  nitrate  and  cottonseed 
meal,  the  80:20  ratio  of  ammonium  sulphate  and  cottonseed  meal 
and  the  65:35  ratio  of  urea  and  cottonseed  meal  were  most  profitable. 
The  fertilizers  giving  largest  total  yields  generally  gave  largest  yields 
at  the  first  picking. 

Results  of  experiments  with  various  proportions  of  inorganic  and 
organic  nitrogen  previously  reported  by  other  workers  show  largest 
yields  of  cotton  on  Greenville  sandy  loam  and  Decatur  clay  loam  in 
Alabama  from  fertilizer  containing  nitrogen  principally  from  sodium 
nitrate  or  80  to  90  percent  from  sodium  nitrate  and  the  remainder 
from  cottonseed  meal;  on  Norfolk  sandy  loam  in  Virginia  from 
fertilizer  containing  approximately  equal  proportions  of  inorganic  and 
organic  nitrogen ;  on  Cecil  sandy  clay  in  Georgia  from  fertilizers  con- 
taining nitrogen  in  proportions  of  90:10  from  sodium  nitrate  and 
cottonseed  meal,  respectively;  on  Tifton  sandy  loam  in  Georgia,  from 
fertilizers  having  nitrogen  in  an  80:20  ratio  of  inorganic  and  organic 
form;  and  on  heavy  soils  in  Arkansas  from  fertilizers  containing 
nitrogen  70  to  80  percent  from  inorganic  and  30  to  20  percent  from 
organic  materials. 

Nitrogen  applied  in  mixtures  with  phosphoric  acid  and  potash 
before   planting  gave  larger  returns   on   Ruston   sandy  loam   than 
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when  part  was  applied  after  the  cotton  was  up,  regardless  of  the 
source  of  nitrogen. 

Double-strength  fertilizers  containing  ammonium  phosphate  and 
sodium  nitrate,  or  ammonium  phosphate  and  ammonium  sulphate, 
or  ammonium  phosphate  and  urea,  each  with  potash,  gave  smaller 
returns  on  Ruston  sandy  loam  than  single-strength  fertilizers  con- 
taining superphosphate,  nitrogen,  and  potash. 

LITERATURE  CITED 

(1)  Anders,  C.  B.,  and  Hull,  W.  W. 

1928.  cotton  fertilizer  experiments.     Miss.   Agr.   Expt.   Sta.   Bull. 

250,  9  pp. 

(2)  Batten,  E.  T.,  and  Hutcheson,  T.  B. 

1932.    EXPERIMENTS    WITH    LIME,    FERTILIZERS,    AND    A    VARIETY    OF    FIELD 
CROPS   IN   THE    COTTON   AND    PEANUT   SECTION    OF   VIRGINIA.       Va. 

Agr.  Expt.  Sta.  Bull.  284,  21  pp.,  illus. 

(3)  Bledsoe,  R.  P. 

1929.  COTTON    FERTILIZERS    AND    CULTURAL    METHODS.       Ga.     Expt.     Sta. 

Bull.  152,  37  pp.,  illus. 

(4)  Ferris,  E.  B. 

1925.  COTTON    EXPERIMENTS,    1925.       SOUTH    MISSISSIPPI    BRANCH    EXPERI- 

MENT station.     Miss.  Agr.  Expt.  Sta.  Circ.  63,  [7]  pp. 

(5)  Mississippi  Agricultural  Experiment  Station,  Agronomy  Department. 

1931.  COMMERCIAL  FERTILIZERS  FOR  COTTON,  1925-1930.       Miss.  Agr.   Expt. 

Sta.  Bull.  289,  30  pp.,  illus. 

(6)  Nelson,  M. 

1928.  THE  EFFECTS  IN  FERTILIZATION  OF  COTTON  OF  DIFFERENT  SOURCES 

of  nitrogen.     Ark.  Agr.  Expt.  Sta.  Bull.  231  (Ann.  Rept.  40): 
22-23. 
(7) 

1930.  sources   of  nitrogen.     Ark.   Agr.    Expt.   Sta.    Bull.   257   (Ann. 

Rept.  42):  19-20. 

(8)  Pate,  W.  F.,  and  Skinner,  J.  J. 

1924.    RESULTS     OF    FERTILIZER    EXPERIMENTS    WITH    COTTON    AND    IRISH 
POTATOES    ON    SOME    OF    THE    PRINCIPAL    SOIL    TYPES    OF    NORTH 

Carolina.     N.  C.  Dept.  Agr.  Bull.  Sept.,  69  pp.,  illus. 

(9)  Skinner,  J.  J. 

1931.  INFLUENCE    OF   POTASH    SOURCES   AND    CHLORINE    CONTENT   OF   FER- 

TILIZERS on  yield  of  cotton.     Jour.   Amer.   Soc.   Agron.   23: 
13-21. 

(10)  and  Buie,  T.  S. 

1926.  sources  of  ammonia.     S.  C.  Agr.  Expt.  Sta.  Bull.  227,  32  pp., 

illus. 
(11) Williams,  C.  B.,  and  Mann,  H.  B. 

1929.  EFFECTS  OF  SYNTHETIC  NITROGEN  AND  CONCENTRATED  FERTILIZERS 

on  cotton  and  sweet  potatoes.     N.C.  Agr.  Expt.  Sta.  Bull. 
266,  40  pp.,  illus. 

(12)  Starr,  S.  H. 

1932.  cotton — ratio  of  organic  to  inorganic  ammonia.     Ga.  Coastal 

Plain  Expt.  Sta.  Bull.  19  (Ann.  Rept.  12):  16-17. 

(13)  

1932.  cotton — sources  of  nitrogen.     Ga.   Coastal  Plain   Expt.   Sta. 

Bull.  19  (Ann.  Rept.  12):  17. 

(14)  Stuckey,  H.  P. 

1930.  TOPDRESSING      COTTON      WITH      SODIUM      NITRATE      AND     AMMONIUM 

sulphate.     Ga.  Expt.  Sta.  Ann.  Rept.  43:  17. 

(15)  Tidmore,  J.  W.,  and  Williamson,  J.  T. 

1932.    EXPERIMENTS  WITH  COMMERCIAL  NITROGENOUS  FERTILIZERS.       Ala. 

Agr.  Expt.  Sta.  Bull.  238,  60  pp.,  illus. 

(16)  Williams,  C.  B.,  Jackson,  S.  K.,  and  Mann,  H.  B. 

1926.    FERTILIZER    EXPERIMENTS    WITH    COTTON.       N.C.     Agr.     Expt.     Sta. 

Bull.  250,  18  pp.,  illus. 

U.S.  GOVERNMENT   PRINTING   OFFICE:  li>34 


For  sale  by  the  Superintendent  ot  Documents,  Washington,  D.C. Price  5  cents 


Technical  Bulletin  No.  451 


October  1934 


COTTON  PRODUCTION 
IN  EGYPT 

BY 
P.  K.  NORRIS 

Senior  Marketing  Specialist 

Foreign  Agricultural  Service  Division 

Bureau  of  Agricultural  Economics 


United  States  Department  of  Agriculture,  Washington,  D.C. 


For  sale  by  the  Superintendent  of  Documents,  Washington,  D.C. 


Price  5  cents 


Technical  Bulletin  No.  451 


October  1934 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WASHINGTON,  D.  C. 


COTTON  PRODUCTION  IN  EGYPT1 

By  P.  K.  Norris,  senior  marketing  specialist,  Foreign  Agricultural  Service  Division, 
Bureau  of  Agricultural  Economics 


CONTENTS 


Page 

Introduction 1 

Area  of  Egypt 2 

Classification  of  agricultural  area 3 

Climate  of  agricultural  area 4 

Temperature 4 

Rainfall 6 

Relative  humidity 6 

Minor  factors 6 

Soil  of  the  agricultural  area 7 

Irrigation 8 

Basin  or  flood  irrigation 8 

Canal  irrigation 8 

Population  and  the  labor  supply 9 

The  crop  year 12 

Land  tenure 15 

Size  of  farms 15 

Crop  rotation 16 

The   place    of   cotton   in   the   cropping 

system - 17 


Cost  items  in  the  production  of  cotton 22 

Labor 23 

Fertilizer 23 

Rent 23 

Taxes  and  interest  rates 23 

Acreage  and  production. 24 

Cotton-producing  districts  and  yields 26 

Factors  influencing  acre  yields 28 

Influence  of  type  of  irrigation  on  yields. .  28 

Insects  and  diseases 29 

Summer  water  shortage 30 

Varieties  and  yields 30 

Drainage 34 

Soil  fertility 34 

Effect  of  cultural  methods  on  yields 35 

Influence  of  governmental  action  on  Egyptian 

cotton  production 36 

Factors  influencing  future  cotton  production.  37 

Government  policy 37 

Expansion  of  crop  area 38 

Summary 40 


INTRODUCTION 

Less  than  100  years  ago  Egypt  produced  little  cotton  but  was  an 
exporter  of  surplus  grains.  Today,  in  order  to  feed  a  fast-increasing 
population,  millions  of  bushels  of  cereals  are  imported  annually.  The 
grain  exports  of  past  years  have  been  replaced  by  cotton,  a  compara- 
tively new  crop  in  the  agriculture  of  Egypt.  This  shift  has  resulted 
from  both  internal  and  external  influences.  Local  events  are  largely 
responsible  but  world-wide  influences  over  which  the  country  has  little 
or  no  control  have  aided  in  this  transformation. 

Egypt  is  primarily  an  agricultural  country.  For  ages  the  fertile 
soil  of  the  narrow  valley  and  delta  of  the  Nile  Eiver  has  supported  a 
large  population.  At  present  almost  85  percent  of  the  15,000,000 
inhabitants  depend  either  directly  or  indirectly  upon  agriculture. 

Since  cotton  was  introduced  as  a  commercial  crop  about  a  century 
ago,  it  has  increased  in  importance  until  today  it  is  the  leading  cash 
crop  and  the  chief  item  of  export.     From  80  to  90  percent  of  all  ex- 

1  All  statistics  of  this  study  have  been  converted  as  follows:  1  Egyptian  pound  (£.E.)  equals  $4.98;  1 
feddan  equals  1.038  acres;  1  kantar  seed  cotton  equals  311.9  pounds;  1  kantar  lint  cotton  equals  99.05  pounds; 
1  kilometer  equals  0.6214  mile;  1  centimeter  equals  0.3937  inch;  and  1  ardeb  equals  5.444  bushels.  Photo- 
graphs by  courtesy  of  the  Ministry  of  Agriculture,  Egyptian  Government.  The  data  for  this  study  were 
collected  by  the  author  while  stationed  at  Cairo,  Egypt,  from  1930  to  1933. 
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ports  are  raw  cotton,  cottonseed,  or  cottonseed  products.  The 
average  annual  cotton  crop  amounts  to  about  1,500,000  bales  of  478 
pounds  net  which  ranks  Egypt  as  one  of  the  leading  cotton-producing 
countries  of  the  world.  Approximately  one- third  of  the  average 
crop  is  of  a  staple  length  of  1  }i  inches  and  over,  and  the  staple  of  the 
remainder  of  the  crop,  known  as  Uppers,  ranges  from  1#6  to  1%6  inches.2 
Egypt  is,  therefore,  the  world's  chief  source  of  long-staple  cotton.  In 
addition  to  its  length,  Egyptian  cotton  is  noted  for  its  strength,  luster, 
and  silky  appearance.  These  characteristics  make  it  of  special  value 
in  yarn  and  fabric  when  strength  and  durability  are  of  primary  im- 
portance. The  premiums  paid  for  Egyptian  cotton  as  compared  with 
those  paid  for  other  growths  indicate  the  position  it  holds  in  the  textile 
world. 

Not  only  is  American  cotton  forced  to  meet  the  general  competition 
of  all  foreign  growths,  but  the  districts  of  the  United  States  that  pro- 
duce the  longer  staples  are,  in  a  special  sense,  thrown  into  direct  com- 
petition with  Egyptian  staples.  Cotton  growers  of  Mississippi, 
Louisiana,  Arkansas,  South  Carolina,  and  other  States  which  produce 
a  staple  comparable  with  that  of  Egyptian  Uppers  must  sell  their 
crops  in  direct  competition  with  Egyptian  growers.  The  growers  of 
the  irrigated  valleys  of  Arizona  who  produce  American-Egyptian 
cotton,  which  has  a  staple  comparable  in  length  with  the  cotton  of 
the  Egyptian  Delta,  are  faced  with  the  competition  of  Sakellaridis, 
Maarad,  and  other  long-staple  Egyptian  varieties.  It  is  recognized 
that  the  staple  premiums  paid  American  long-staple  cotton  growers 
are  influenced,  by  the  size  of  the  Egyptian  crop,  but  the  degree  of 
influence  does  not  lend  itself  readily  to  statistical  demonstration. 

The  conditions  under  which  the  Egyptian  crop  is  produced  and  the 
influences  that  are  likely  to  bring  about  changes  either  in  the  size  of 
the  crop  or  in  the  length  of  its  staple  have  a  direct  influence  upon  the 
production,  the  improvement,  and  the  marketing  of  staple  cotton  of 
the  United  States  and  are  therefore  of  importance  to  American  cotton 
growers  and  other  economic  groups  in  the  South. 

AREA  OF  EGYPT 

The  independent  kingdom  of  Egypt  occupies  an  area  of  383,000 
square  miles  located  in  northeast  Africa  and  the  Sinai  Peninsula  of 
Asia.  Approximately  97  percent  of  this  vast  area  is  desert  and  is  of 
no  agricultural  value.  The  remaining  area,  located  in  the  narrow 
valley  and  delta  of  the  Nile  River,  supports  98  percent  of  the  popula- 
tion. From  an  agricultural  point  of  view,  this  is  Egypt,  and  will 
thus  be  referred  to  hereafter  (fig.  1). 

At  a  point  near  Aswan  the  Nile  Valley  widens  and  the  cultivated 
area  begins.  From  this  point  to  Cairo,  over  500  miles  north,  the 
valley  varies  in  width  from  7  to  20  miles.  In  many  places,  the  low 
desert  hills  are  very  near,  whereas  at  other  points  the  valley  is  wide 
and  level.  About  12  miles  north  of  Cairo  the  river  divides  into  two 
branches.  This  is  the  apex  of  the  delta.  The  western  branch  reaches 
the  sea  at  Rosetta  and  the  eastern  branch  at  Damietta.     The  Fayoum, 

2  A  more  accurate  classification  according  to  staple  length  should  include  (1)  long  staple  (IH  inches  and 
over)  varieties  as  Sakellaridis,  Maarad,  Sakha  4,  Giza  7,  Casuli,  and  Nahda;  (2)  medium  staple  (1J4  to  lMe 
inches)  varieties  as  Fouadi,  Pilion,  and  Giza  3;  and  (3)  short  staple  (liMe  inch  and  less)  as  Ashmouni  and 
Zagora.  At  present  but  a  small  percentage  of  the  crop  is  less  than  \\<k  inch  in  staple  length,  but  it  is  the 
general  opinion  that  the  shorter  staples  are  increasing  in  commercial  importance. 
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which  is  in  fact  a  large  desert  oasis,  is  located  about  50  miles  south- 
west of  Cairo.     It  is  watered  by  a  canal  from  the  main  river. 

Egypt  is  divided  into  2  or  3  main  divisions.  The  valley  south  of 
Cairo  is  usually  referred  to  as  Upper  Egypt,  and  the  delta  north  of 
the  city  as  Lower  Egypt.  The  valley  is  sometimes  divided  at  Asyut; 
the  district  south  of  this  point  is  called  Upper  Egypt  and  the  area 
between  Asyut  and  Cairo  is  called  Middle  Egypt.  The  term  Lower 
Egypt  always  refers  to  the  delta.  This  area,  in  turn,  is  sometimes 
subdivided  into  the  lower  and  upper  delta.  There  are  8  provinces 
in  the  valley  and  6  in  the  delta. 


Figure  1.— Approximately  97  percent  of  the  area  of  Egypt  is  desert  waste,  of  no  agricultural  value.  The 
production  area  is  confined  to  the  valley  and  the  delta  of  the  Nile  River.  The  delta  is  referred  to  as 
Lower  Egypt  and  the  valiey  is  known  as  Upper  Egypt.    This  same  division  was  used  by  the  ancient 


CLASSIFICATION  OF  AGRICULTURAL  AREA 

The  productive  area  of  Egypt  is  confined  to  the  lands  of  the  valley 
and  delta  upon  which  the  Nile  water  can  be  flooded  or  lifted.  This 
includes  an  area  of  about  8,451,669  acres,  of  which  2,953,040  acres 
are  in  Upper  Egypt  and  5,498,629  acres  in  Lower  Egypt.  All  the  area 
capable  of  being  flooded  is  not  under  crops.  In  Lower  Egypt  the 
cultivated  area  is  approximately  3,251,779  acres  and  in  Upper  and 
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Middle  Egypt  it  is  2,391,529  acres,  or  a  total  of  5,643,308  acres  for 
the  entire  country.  The  classification  of  the  agricultural  area  is 
given  in  table  1 . 

Table  1. — Classification  of  the  agricultural  area  of  Egypt,  1931-32  x 


Area 

Lower 
Egypt 

Middle 
Egypt 

Upper 
Egypt 

Total 

Cultivated  area..  ...  .  

Acres 
3,  251,  779 
1,  751,  632 
495,  218 

Acres 
1, 161,  909 
186,410 
100,  788 

Acres 
1,  229,  620 
183, 127 
91, 186 

Acres 
5,  643, 308 
2, 121, 169 
687  192 

Wasteland2..  

Public  works  3 _.  

Total 

5,498,629 

1,449,107 

1,503,933 

8,451,669 

1  Refers  to  the  year  Sept.  1  to  Aug.  31. 

2  Includes  low,  marshy,  and  swamp  lands  within  the  valley  and  Delta. 

3  Includes  area  in  canals,  highways,  railroads,  cities,  and  towns. 

Compiled  from  annual  statistics  of  crop  areas,  1931-32,  Statistical  Department  of  Ministry  of  Finance, 
Egyptian  Government,  Cairo. 

The  waste  land  includes  the  low  marshy  areas  of  the  delta  and  the 
swamps  along  the  river  in  Upper  Egypt.  Since  much  of  the  waste 
area  of  Lower  Egypt  is  below  sea  level,  to  reclaim  it  would  involve  a 
considerable  engineering  problem  and  much  time  and  expense.  The 
reclaiming  of  most  of  the  waste  area  of  Upper  Egypt  is  a  simpler 
matter,  as  it  is  largely  a  problem  of  surface  drainage.  Any  increase 
in  the  cultivated  area  of  the  country  will  have  to  come  through  recla- 
mation of  the  waste  lands,  as  the  desert  is  too  high  and  its  soil  too  poor 
to  make  the  lifting  of  water  from  the  Nile  a  profitable  undertaking. 

CLIMATE  OF  AGRICULTURAL  AREA 

With  the  exception  of  insufficient  rainfall,  the  climatic  conditions 
may  be  said  to  be  very  favorable  for  the  production  of  cotton.  The 
summers  are  so  long  and  hot  that  most  Europeans  leave  the  country 
or  gather  at  the  seashore  town  of  Alexandria.  Winters  are  mild  in 
all  parts  of  the  delta  and  valley.  The  cotton  crop  is  grown  during 
the  summer  season.  Planting  takes  place  in  February-April,  a 
period  of  rising  temperatures,  with  the  harvest  coming  in  August- 
October,  a  period  of  falling  temperatures. 

TEMPERATURE 

A  study  of  the  normal  monthly  average  temperature  as  recorded 
at  stations  in  typical  cotton-growing  areas  discloses  but  a  slight  varia- 
tion of  temperature  between  the  various  stations.  During  the 
growing  months  (April  to  October)  the  average  monthly  tempera- 
ture fluctuations  are  slight  and  for  the  2  months  prior  to  picking, 
these  fluctuations  are  very  narrow  (table  2). 


Table  2. — Normal  average  temperature  by  months,  at  stations  in  the  cotton-growing 

area  of  Egypt 


Month 


January. . 
February- 
March 

April 

May 

June 

July 


Korashia 

Giza 

Asyut 

Esna 

o  F 

o  F 

°  F. 

o  p 

50.7 

51.6 

52.9 

55.6 

52.9 

54.1 

55.9 

57.9 

58.1 

59.4 

63.0 

65.3 

64.4 

66.2 

71.8 

73.9 

71.1 

72.7 

78.8 

81.7 

76.8 

77.7 

83.8 

85.5 

79.3 

79.9 

84.9 

86.2 

Month 


August 

September- 
October--. 
November- 
December  . 


Average - 


Korashia 


F. 

78.8 
74.5 
70.0 
62.4 
54.3 


Giza 


F. 

79.3 
75.0 
70.9 
63.1 
54.9 


67.1 


Asyut 


B   F 

84.4 
79.3 
74.3 
64.8 
56.3 


70. 


Esna 


F. 

86.2 
82.2 
75.6 
66.4 


72.9 


From  meteorological  data  of  the  Physical  Service,  Ministry  of  Public  Works,  Egyptian  Government, 
Cairo. 
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A  more  accurate  interpretation  of  temperature  and  its  relation  to 
cotton  production  may  be  obtained  by  reviewing  the  normal  average 
maximum  and  minimum  data  (table  3).  The  lowest  average  mini- 
mum temperature  known  was  24.8°  F.  recorded  at  Giza  in  December. 
At  no  time  during  the  cotton-growing  season  (April  to  October)  in 
any  part  of  the  cotton  area  does  the  temperature  drop  to  a  point  at 
which  the  crop  would  be  in  danger  of  frost.  The  low  temperatures 
occurring  during  the  winter  season  have  no  relation  to  cotton  produc- 
tion except  to  indicate  the  conditions  under  which  cotton  pests  and 
insects  may  survive  from  year  to  year. 

The  highest  average  maximum  temperature  recorded  is  120.2°  F. 
in  June  at  Asyut,  while  at  each  of  the  other  stations  it  exceeded  114°. 
These  temperatures,  occurring  in  June,  have  a  direct  influence  on 
cotton  growing.  Although  no  month  has  an  average  maximum  tem- 
perature of  over  120°  F.,  there  are  from  4  to  5  months  during  the 
growing  and  early  harvest  season  in  which  the  average  maximum 
temperature  exceeds  100°  F. 
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Figure  2.— Normal  average  Temperature  by  Months,  at  Stations  in  the 
Cotton-growing  Area  of  Egypt. 

The  Egyptian  cotton  crop  is  planted  during  a  season  of  rising  temperature  and  is  harvested  during  a  season 
of  falling  temperature.    At  no  time  is  the  crop  in  danger  of  frost. 

Table  3. — Normal  average  maximum  and  minimum  temperatures  by   months,  at 
stations  in  cotton-growing  areas  of  Egypt 


Korashia 

Giza 

Asyut 

Esna 

Month 

Maxi- 
mum 

Mini- 
mum 

Maxi- 
mum 

Mini- 
mum 

Maxi- 
mum 

Mini- 
mum 

Maxi- 
mum 

Mini- 
mum 

January  ....      ... 

o  F 

82.8 
84.2 
100.0 
103.3 
113.5 
117.3 
107.2 
105.3 
103.3 
100.2 
98.6 
82.6 

o  p 

32.0 
32.0 
35.2 
40.6 
44.6 
48.9 
57.2 
58.1 
54.0 
49.3 
38.8 
32.4 

o  F 
85.6 
92.5 
100.6 
109.0 
112.5 
114.4 
105.8 
107.1 
104.7 
106.7 
98.6 
82.6 

o  F 
27.5 
32.7 
33.8 
39.2 
46.9 
54.0 
59.0 
61.0 
54.5 
50.4 
40.1 
24.8 

o  F 
86.'9 
93.2 
108.5 
120.2 
114.8 
120.2 
113.0 
108.5 
106.7 
103.1 
95.9 
86.0 

o  F 
32.0 
32.0 
35.6 
44.6 
50.9 
59.0 
59.9 
66.2 
61.7 
50.9 
40.1 
32.0 

°  F. 
89.4 
92.7 
100.4 
107.2 
114.4 
114.8 
112.6 
110.8 
108.9 
99.9 
94.1 
88.7 

°  F. 
32.9 

February 

33.4 

March..     ..* 

36.5 

April 

44.4 

May 

50.0 

June - .  .    ... 

58.  1 

July 

53.6 

55.4 

September  .  .  ... 

54.5 

44.4 

November.  .  .  

35.6 

34.7 

From  meteorological  data  of  the  Physical  Service,  Ministry  of  Public  Works,  Egyptian  Government* 
Cairo. 
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RAINFALL 

With  the  exception  of  a  small  area  farmed  by  nomads  of  the  desert, 
all  crops  depend  entirely  upon  irrigation.  The  average  annual  rain- 
fall of  the  delta  varies  from  about  8.5  inches  at  Alexandria  to  about 
1.5  inches  at  Cairo.  In  Middle  Egypt  a  light  shower  may  fall  occa- 
sionally during  the  winter  months  but  in  Upper  Egypt  rain  is  prac- 
tically unknown.  The  light  rains  of  the  delta  fall  during  the  winter 
and  therefore  have  little  or  no  influence  on  the  cotton  crop. 

RELATIVE  HUMIDITY 

Next  to  temperature,  relative  humidity  is  perhaps  the  most  im- 
portant climatic  factor  affecting  the  Egyptian  cotton  crop.  The 
humidity  has  seasonal  aspects.  From  a  minimum  in  the  early 
growing  months,  it  increases  throughout  the  growing  season  to  a 
maximum  in  the  fall  months.  This  seasonal  character,  however,  is 
not  constant  and  often  in  the  delta  a  high  relative  humidity  during  the 
early  stages  of  the  crop  accompanied  by  low  temperature  is  responsible 
for  a  retarded  and  stunted  crop.  It  is  the  common  belief  that  the 
increasing  relative  humidity  and  the  high  temperature  during  the 
growing  season  have  much  to  do  with  the  quality  of  the  staple  of 
Egyptian  cotton.  During  this  period  the  atmosphere  of  the  delta 
is  very  moist  and  the  soil  is  damp  which,  accompanied  by  the  normal 
high  temperatures,  bring  about  a  condition  said  to  be  very  favorable 
to  the  growing  crop.3 

The  dampest  area  is  the  district  along  the  coast  and  the  driest  is 
Upper  Egypt.  During  the  growing  season  the  average  relative  humid- 
ity ranges  from  64  to  about  85  near  the  seacoast  and  in  Upper  Egypt  it 
ranges  from  about  25  to  about  50.  The  dampest  period  occurs  during 
the  picking  and  winter  season  (table  4). 


Table  4. 


Normal  average  daily  relative  humidity,  by  months.,  at  stations  in  cotton- 
growing  area  of  Egypt 


Month 


January. 
February 
March... 

April 

May 

June 

July 


Kerashia 

Giza 

Asyut 

Esna 

Percent 

Percent 

Percent 

Percent 

86 

80 

70 

61 

83 

73 

64 

54 

79 

69 

55 

41 

71 

61 

44 

32 

64 

55 

38 

27 

64 

56 

38 

25 

69 

61 

42 

27 

Month 


August 

September 

October 

November 

December 

Average 


Kerashia     Giza     Asyut     Esna 


Percent 
75 

77 
82 
85 
87 


77 


Percent 
67 
73 

75 
78 
81 


Percent 
47 
57 
63 
67 


Per- 
cent 
31 
42 

49 
52 


From  meteorological  data  of  the  Physical  Service,  Ministry  of  Public  Works,  Egyptian  Government, 
Cairo. 

MINOR  FACTORS 

Wind  is  of  little  importance,  as  a  rule,  but  at  times  hot  blasts  from 
the  deserts  are  destructive,  especially  if  the  crop  is  young.  The 
prevailing  winds  are  from  the  north.  One  of  the  most  noticeable 
features  of  the  climate  is  the  consecutive  days  of  continuous  sunshine. 
Even  in  the  winter  months  the  days  of  sunshine  predominate. 
Throughout  the  whole  of  spring,  summer,  and  fall  there  are  many 
days  in  which  there  is  not  a  cloud  in  the  sky.     Under  such  conditions 

3  Foaden,  G.  F.  cotton  culture  in  egypt.    U.S.  Dept.  Agr.,  Off.  Expt.  Stas.    Bull.  42,  28  pp.,  illus. 
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and    with    an    ample    supply    of    irrigation    water,    cotton-growing 
conditions  are  ideal. 

SOIL  OF  THE  AGRICULTURAL  AREA 

The  cultivated  area  is  confined  to  the  narrow  valley  and  the  fan- 
shaped  delta  of  the  Nile  River.  It  is  one  of  the  most  productive  and 
fertile  areas  of  the  world.  For  thousands  of  years  it  has  supported  a 
population  at  times  exceeding  that  of  the  present.  The  fame  of  the 
soil  fertility  of  Egypt  is  world-wide. 

The  soils  of  the  valley  and  delta  are  of  alluvial  origin.  For  count- 
less ages  the  Nile  River  has  annually  flooded  its  banks  and  deposited 
a  layer  of  mud  over  the  floor  of  the  valley  and  has  gradually  built  up  a 
delta.  The  best  soils  resemble  Nile  mud  in  chemical  composition  but 
they  are  not  uniform,  especially  with  reference  to  their  physical 
properties.  The  origin  of  the  Nile  mud  is  found  in  the  steep  hill  lands 
of  Abyssinia. 

The  reason  for  the  lack  of  uniformity  of  the  soils  is  obvious.  As  the 
annual  floods  spread  over  the  valley,  the  heavy  soil  particles  carried  in 
suspense  were  deposited  first  while  the  finer  and  lighter  particles  were 
carried  to  the  farther  sides  of  the  valley.  This  accounts  for  the  light 
soils  often  found  near  the  river  and  the  clay  soils  found  along  the  outer 
edges  of  the  valley. 

The  subsoil  is  also  far  from  uniform.  At  present  the  Nile  River 
is  under  control,  but  prior  to  the  introduction  of  canal  irrigation  the 
river  reached  the  sea  through  many  branches  or  channels.  As  the 
delta  was  built  up,  these  channels  changed  and  in  changing  they 
shifted  the  area  of  deposits.  Today  these  shifts  are  often  traceable 
by  the  type  of  subsoil.  The  delta  is  spotted  with  areas  of  heavy 
clay  and  sandy  subsoils.  In  many  sections  this  clay  subsoil  retards 
drainage  while  a  nearby  field  with  a  lighter  subsoil  may  have  excellent 
drainage. 

No  soil  survey  of  the  country  has  been  made  but  from  a  broad 
mechanical  classification  the  soils  of  the  valley  and  delta  appear  to 
fall  into  four  general  groups.  They  range  from  a  coarse  sandy  or 
gravelly  soil  to  a  stiff  black  soil  containing  as  much  as  60  percent  of 
clay.  In  fertility  they  range  from  the  poorest  to  the  most  productive. 
Generally  speaking,  the  soils  are  rich  in  potash,  less  rich  in  phosphoric 
acid,  and  deficient  in  nitrogen. 

The  most  typical  is  a  heavy  black  soil  containing  around  50  percent 
of  clay.  This  soil  is  from  20  to  25  feet  deep  and  is  very  fertile.  It  is 
stiff  and  hard  to  work,  especially  when  wet.  It  appears  to  stand 
overirrigation  well,  but  once  it  becomes  saturated  with  salts  it  is  very 
hard  to  drain  and  reclaim.  Overirrigation  is  a  common  practice 
among  the  farmers.     Much  of  the  delta  is  of  this  class  of  soil. 

A  second  group,  differing  from  the  heavy  clays  of  the  delta  in 
depth  and  subsoil  only,  is  found  in  Upper  Egypt.  This  soil  is  from  4 
to  12  feet  deep  but  has  a  light  sandy  subsoil.  Drainage  is  not  a  prob- 
lem in  regard  to  this  soil  except  where  the  irrigation  canals  are  allowed 
to  run  at  a  high  level  throughout  the  year.  Most  of  the  basin  lands 
of  Upper  Egypt  are  of  this  class.  Both  these  black  clay  soils  are  known 
as  "soda"  or  " cotton  soils"  and  are  by  far  the  most  productive  soils 
of  the  country. 

A  third  group  of  lighter  loams  is  found  in  the  Sharqiya  Province  and 
other  parts  of  the  delta.     Because  of  the  location  much  of  this  soil 
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has  become  salty  and  is  in  need  of  drainage.     In  areas  where  it  is  free 
from  salts  it  grows  fair  crops  of  corn  and  cotton. 

At  certain  places  along  the  edge  of  the  desert  a  much  lighter  sandy 
loam  of  the  fourth  group  is  found.  These  soils  are  the  result  of  mixing, 
by  winds,  the  desert  lands  with  the  clay  soils  of  the  valley.  They  are 
not  so  fertile  as  the  clay  soils  but  have  excellent  drainage  and  produce 
fair  crops. 

IRRIGATION 

Without  the  waters  of  the  Nile  River,  the  valley  and  delta  would 
be  as  worthless  as  the  surrounding  desert.  Not  only  has  the  use  of 
the  waters  of  the  Nile  made  Egypt  one  of  the  most  productive  coun- 
tries of  the  world,  but  the  type  of  irrigation  used  has  influenced  and 
will  continue  to  influence  the  agriculture  of  the  country  probably  more 
than  any  other  one  factor. 

BASIN  OR  FLOOD  IRRIGATION 

The  oldest  form  of  irrigation  known  in  Egypt  is  the  basin  or  flood 
type.  For  ages  the  Nile,  during  the  flood  season,  has  covered  the  land, 
leaving  a  layer  of  fine  silt  and  thoroughly  saturating  the  soil  to  a  depth 
of  several  feet.  Each  year  after  the  flood  passed,  crops  have  been 
planted  and  harvested  before  the  next  flood  season.  As  the  ancient 
Egyptian  cultivated  his  fields,  he  found  that  on  the  part  of  his  land 
where  the  water  had  stood  for  only  a  short  time,  his  crop  suffered  from 
lack  of  moisture.  This  led  to  the  building  of  dikes  and  dams  to  hold 
the  flood  on  a  given  area  for  a  fixed  time.  The  present  system  of  basin 
irrigation  is  the  outgrowth  of  this  ancient  practice. 

As  the  floods  arrive  in  Upper  Egypt,  the  water  is  turned  into  large 
basins.  As  soon  as  the  basins  are  filled,  the  water  is  allowed  to  pass 
and  basins  further  downstream  are  filled.  The  entire  valley  is  thus 
flooded.  The  basins  are  so  built  that  after  the  land  has  been  thoroughy 
soaked,  any  remaining  water  is  drained  back  into  the  river.  Land 
under  basin  irrigation  receives  from  the  flood  not  only  its  annual  water 
supply  but,  in  addition,  a  supply  of  silt  washed  down  from  the  hills  of 
Abyssinia.  This  annual  renewing  of  the  soil  is  a  very  important  factor 
in  Egyptian  agriculture.  The  fact  that  basin-irrigated  lands  can  store 
only  enough  moisture  to  produce  one  crop  a  year  and,  without  pump- 
ing through  the  summer  months,  must  undergo  an  enforced  fallow 
period  during  a  part  of  each  year,  is  also  an  important  factor  in  their 
fertility. 

CANAL  IRRIGATION 

Under  canal  irrigation  a  constant  supply  of  water  is  held  under 
control  at  all  times.  The  advantage  of  this  system  over  the  basin 
irrigation  is  the  elimination  of  the  flood;  this  permits  the  watering  of 
the  land  as  required  during  the  growth  of  the  crop.  After  one  crop 
has  been  harvested,  the  land  may  be  watered  again  and  made  to  pro- 
duce a  second,  and  in  some  cases,  a  third  crop.  This  system  has 
advantages,  but  it  also  has  its  disadvantages,  among  which  are  the 
loss  of  a  large  part  of  the  silt  deposit  and  the  depletion  of  the  soil 
brought  about  by  constant  cropping. 

The  present  canal  irrigation  system  of  Lower  and  Middle  Egypt 
consists  of  six  large  dams  on  the  Nile,  and  hundreds  of  miles  of  canals. 
The  first  dam  of  this  system,  built  in  1835,  is  located  about  12  miles 
north  of  Cairo.    It  is  not  a  storage  reservoir  in  the  true  meaning  of 
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the  word  but  is  rather  a  diversion  dam.  The  level  of  the  Nile  is  raised 
sufficiently  to  fill  the  canals  that  supply  much  of  the  delta.  Other 
dams  of  this  type  are  located  at  points  on  the  main  river  between 
Cairo  and  Aswan,  and  on  the  Damietta  branch  of  the  Nile  in  the  lower 
Delta. 

The  only  storage  reservoir  of  the  irrigation  system  is  at  Aswan, 
approximately  675  miles  upstream.  This  dam  is  used  to  supplement 
the  normal  river  supply  during  the  summer.  At  present,  the  Aswan 
Dam  (fig.  3)  is  being  heightened  and  its  present  storage  capacity  will 
be  doubled.  The  three  smaller  dams  between  Aswan  and  Cairo  are 
used  to  raise  the  level  of  the  river  in  order  to  fill  the  take-off  canals 
that  supply  water  to  Middle  Egypt  and  the  upper  part  of  the  delta. 
During  the  summer  the  Nile  is  often  so  low  that  it  is  necessary  to 


Figure  3.— The  Aswan  Dam  is  the  largest  of  the  six  irrigation  dams  in  Egypt. 

build  a  temporary  dam  across  its  mouth  to  prevent  the  sea  from 
flowing  back  into  the  delta.  This  gives  some  idea  of  the  low,  flat 
nature  of  the  delta,  and  the  difficulties  involved  in  draining  such  an 
area. 

POPULATION  AND  THE  LABOR  SUPPLY 

From  the  classification  of  the  population  as  recorded  in  the  last 
(1927)  Government  census  it  appears  that  85  percent  or  about 
12,750,000  people  depend  directly  or  indirectly  upon  agriculture  for  a 
livelihood.  Industry  and  commerce,  although  increasing  in  impor- 
tance, hold  but  a  limited  attraction  for  the  average  Egyptian.  The  love 
of  land  is  common  to  both  the  peasant  and  the  upper  or  educated  class. 
The  peasant  seems  to  enjoy  the  fact  that  his  contact  with  the  outside 
world  is  limited,  and  is  willing  to  go  on  working  the  land  year  after 
year.  To  the  educated  Egyptian  land  ownership  often  means  wealth 
and  social  and  political  influence. 


69796°— 34- 
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It  is  estimated  that  the  present  population  of  14,218,000  is  increas- 
ing at  the  rate  of  from  200,000  to  275,000  each  year.  In  1882  it  was 
6,804,000;  in  1897,  9,714,000;  in  1907,  11,287,000;  and  by  1917  it  was 
12,751,000.  Assuming  that  the  rate  of  increase  remains  steady,  it  is 
estimated  that  the  population  by  1955  will  be  between  17,000,000  and 
20,000,000. 

The  problem  of  the  rapidly  increasing  population  is  closely  related 
to  the  program  of  the  Government  for  expansion  of  irrigation  and  land 
reclamation.  In  spite  of  the  increase  in  population,  it  is  not  probable 
that  the  demand  for  land  will  be  sufficient  within  the  next  50  years  to 
bring  about  migration.  The  density  of  the  population  on  the  lower, 
canal-irrigated  lands  is  much  greater  than  on  the  basin-irrigated  lands 
of  Upper  Egypt.  In  the  delta,  where  two  or  more  crops  are  produced 
each  year,  the  population  in  1927  ranged  between  567  and  1,777 
persons  per  square  mile.  Three  of  the  provinces  have  a  population  of 
more  than  1,036  persons  per  square  mile  and  in  many  of  the  districts 
(counties)  of  these  provinces  there  are  between  1,684  and  2,072 
persons  per  square  mile.  In  Middle  and  Upper  Egypt,  the  population 
per  square  mile  is  less  because  a  part  of  the  land  produces  only  one 
crop  a  year  and  therefore  cannot  support  so  great  a  number.  The 
average  for  the  inhabited  part  of  the  country  is  about  1,000  persons 
per  square  mile  (table  5). 

Table  5. — Population  per  square  mile  of  agricultural  area  of  Egypt,  census  years 

1882  to  1927 


Province 

1882 

1897 

1907 

1917 

1927 

Lower  Egypt: 

Number 
231 
326 
578 
1,052 
736 
231 

510 
326 
648 
388 

391 

684 
850 
671 

Number 
365 
461 
725 
1,386 
1,077 
376 

730 
554 
925 
666 

567 

935 

1,121 

997 

Number 
445 
526 
857 
1,559 
1,248 
443 

881 

658 

1,067 

834 

642 
1,080 
1,303 
1,093 

Number 
518 
588 
963 
1,725 
1,435 
495 

1,070 

756 

1,282 

976 

699 
1,210 
1,419 
1,189 

Number 
567 

Gharbiya.- _.    ...... 

635 

Dagahliya - 

1,057 

1,777 

1,518 

526 

Middle  Egypt: 

Beni-Suef                -  - -    - 

1,199 

826 

1,445 

1,072 

Upper  Egypt: 

738 

1,329 

Girga         -    - - 

1,  590 

1,279 

Total                -.--,--  .-- 

495 

710 

824 

938 

1,044 

From  official  census  of  Egypt,  1927. 


The  agricultural  labor  supply  appears  to  be  sufficient  in  all  sections 
of  the  country  at  all  times,  the  only  excep  ion  being  the  cotton- 
picking  season  on  the  basin  lands  of  Upper  Egypt.  During  years  of 
early  flood  it  is  often  necessary  to  pick  the  crop  in  a  few  weeks. 
Under  the  present  cropping  system  there  are  but  two  real  rush  periods 
of  farm  labor.  The  first  comes  in  May  and  June  when  the  wheat 
and  barley  must  be  harvested  and  the  second  from  July  to  October 
during  the  cotton-picking  season. 

On  the  canal-irrigated  lands  the  labor  distribution  is  uniform. 
Land  is  prepared  for  cotton  in  January  and  February  and  is  planted 
in  March  and  April.  Wheat  harvest  follows  in  May  and  June,  after 
which  the  land  is  prepared  and  planted  to  corn.     Cotton  picking 


COTTON   PRODUCTION   IN   EGYPT 


11 


begins  in  September  and  continues  through  October  and  November, 
when  the  berseem  4  (Trifolium  alexandrinum)  and  wheat  must  be  sown. 
The  uniform  climatic  conditions  and  water  supply  make  it  possible 
to  plant  the  same  crops  and  perform  the  same  labor  operations  at 
practically  the  same  time  each  year.  Under  such  conditions  a  system 
of  uniform  labor  distribution  has  developed.  There  are  very  few 
days  during  the  year  when  the  Egyptian  farmer  is  not  toiling  in  his 
fields. 

The  supply  of  hired  labor  is  usually  large,  relative  to  the  demand, 
and  farm  wages  are  exceedingly  low.  An  adult  farm  laborer  receives 
from  7  to  25  cents  per  d-ay  and  a  child  may  receive  as  low  as  2.5  cents 
per  day.  In  addition  to  this  wage,  living  quarters  in  the  village  are 
included,  but  not  food.     This  seems  a  very  low  wage,  but  it  must  be 


Figure  4.— Preparing  land  for  cotton.    The  tools  of  the  present  farmer  are  similar  to  those  used  by  the 

ancient  Egyptian. 

stated  that  an  adult  can  live  on  10  cents  a  day  under  such  conditions. 
The  average  farm  laborer  has  a  small  plot  of  land  upon  which  he  or 
his  family  can  grow  a  certain  quantity  of  such  food  crops  as  corn, 
wheat,  beans,  and  vegetables. 

Often  all  members  of  the  family  work  as  day  laborers  and  the  total 
income  of  a  family  might  thus  be  as  much  as  50  cents  per  day.  With 
an  income  of  this  amount  and  the  living  quarters  furnished  free, 
a  peasant  family  can  live  well,  according  to  their  standards.6  The 
efficiency  of  the  average  laborer  or  the  wages  he  receives  cannot  be 
judged  by  the  standards  applied  to  American  farmers.  He  is  by 
nature  a  hard  worker  but  his  tools  and  methods  are  primitive. 

4  Egyptian  clover  grown  as  a  winter  crop  and  used  for  fodder. 

5  It  was  estimated  by  United  Kingdom  Trade  Mission  to  Egypt,  March  1931,  that  "taking  five  as  the 
average  in  a  family,  about  10,000,000  of  Egypt's  population  live  on  a  family  income  of  from  P.T.  120  to  P.T. 
250  (l/4/7^d.  to  2/ll/4d.)  a  month  or  9%d.  to  ls.8^d.  per  day."  This  is  about  $5.93  to  $12.35  per  month 
in  United  States  money. 
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THE  CROP  YEAR  « 

Because  of  the  mild  winters  the  Egyptian  farmer  is  able  to  cultivate 
crops  during  the  entire  year.  On  the  canal-irrigated  lands  of  Middle 
and  Lower  Egypt  water  is  available  for  a  crop  12  months  of  the  year, 
but  on  the  basin  lands  of  Upper  Egypt  it  is  necessary  to  pump  water 
from  wells  if  this  area  is  to  produce  a  crop  during  the  summer  months. 
Without  pumping,  this  land  undergoes  an  enforced  summer-fallow 
period. 

The  crop  year  is  divided  into  three  seasons  corresponding  with  the 
growing  period  of  the  three  leading  crops — corn,  cotton,  and  wheat. 

Corn  is  planted  in 
July  and  harvested 
in  December.  The 
crops  occupying  the 
land  during  the  fall 
months  are  known 
as  fall  crops.  A 
small  acreage  of  corn 
is  planted  in  the 
spring  and  is  there- 
fore known  as  a  sum- 
mer crop,  and  a  small 
area  of  rice  is  grown 
as  a  fall  crop.  Wheat 
and  berseem  are  the 
principal  crops  which 
are  planted  in  the 
winter  following  corn 
and  other  crops. 
Berseem  occupies 
the  land  until  about 
the  end  of  Febru- 
ary while  wheat  is 
not  harvested  until 
about  May.  Cotton 
is  planted  in  the 
spring  and  occupies 
the  land  during  the 
summer  months  and 
is  therefore  called  a  summer  crop  (fig.  5).  Only  the  three  seasons — 
summer,  fall,  and  winter — are  used  in  classifying  Egyptian  crops.7 
The  planting  and  harvest  dates  of  the  leading  crops  are  shown  in 
table  6. 
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Figure    5.— Replanting  cotton.    Great  care  is  taken  to  see  that  a 
perfect  stand  is  obtained. 


e  For  statistical  purposes  the  Egyptian  Government  uses  the  period  from  Sept.  1  to  Aug.  31  as  the  agri- 
cultural year.  The  acreage  planted  to  crops  during  this  period  is  reported  in  Egyptian  official  statistics  under 
a  hyphenated  year.  If  the  calendar  year  is  used,  it  is  necessary  to  convert  the  hyphenated  or  agricultural 
year.  Because  of  the  date  of  planting,  the  areas  of  the  summer  and  fall  crops  are  the  same  for  both  the 
agricultural  year  (sometimes  called  the  statistical  year)  and  the  calendar  year,  but  the  area  of  winter  crops 
reported  under  the  hyphenated  year  is  the  area  of  the  previous  calendar  year.  For  example,  the  summer 
crops  of  the  agricultural  year  1930-31  for  all  of  Egypt  were  2,240,866  acres,  the  fall  crops  2,317,550  acres,  and 
winter  crops  4,271,591  acres.  In  converting  these  data  to  the  calendar  year  the  area  in  summer  and  fall 
crops  for  the  year  1931  would  be  2,240,866  acres  and  2,317,550  acres,  respectively,  while  the  4,271,591  acres  of 
winter  crops  reported  must  be  considered  as  a  part  of  the  area  of  the  1930  crops.  This  is  because  winter 
crops  are  planted  in  the  first  or  winter  part  of  the  hyphenated  year,  whereas  the  summer  and  fall  crops  are 
planted  during  the  last  part  of  the  hyphenated  year. 

i  For  a  description  of  farming  practices  in  Egypt  in  1904  reference  is  made  to  the  following  publication: 
Foaden,  G.  B.  notes  ON  Egyptian  agriculture.  U.S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bull.  62,  61  pp. 
1904. 
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Table  6. — Planting  and  harvesting  periods  of  leading  crops  of  Egypt 


Crop 

Lower  Egypt 

Upper  Egypt 

Planting 

Harvesting 

Planting 

Harvesting 

Cotton...  ...      ...... 

Sept.-Oct 

Feb.-Apr  .  .  ... 

Corn _.     .  .. 

Oct.-Dec 

Oct.-Dec. 

Wheat 

Oct. -Dec 

May-June 

do 

Oct.-Dec 

do 

Apr. -June. 
Do. 

Barley.     . 

do 

Grain  sorghum 

Apr.  May 

Apr. -June.     . 

Aug. -Sept     ..  .  . 

Apr  .-May 

Aug.-Sept. 

Rice .  .  .  .  . 

Sept.-Nov 

Beans. ...  ...  .  ... 

Oct -Nov 

Sept.-Nov 

do 

Mar.-Apr. 
May-June. 
Mar.-Apr. 

Sept.-Nov 

Dec-May 

May-June 

Compiled  from  data  supplied  by  Ministry  of  Agriculture,  Egyptian  Government. 

The  total  crop  area  of  any  year  may  exceed  the  area  under  culti- 
vation by  several  million  acres.  This  is  made  possible  by  the 
extensive  system  of  double  cropping  followed  by  the  farmers  (table  7). 


Figure  6.— Cultivating  cotton. 


All  operations  from  planting  to  harvesting  of  the  Egyptian  crop  are 
performed  by  human  labor. 


Cotton  is  the  leading  crop  in  summer  and  wheat  leads  in  winter; 
corn  is  grown  as  both  a  fall  and  a  summer  crop,  but  the  summer  area  is 
small.  During  the  year  ended  August  31,  1932,  these  three  crops 
occupied  4,929,845  acres,  which  is  almost  equal  to  the  total  cultivated 
area  of  the  country.  In  1929-30  the  acreage  in  these  three  crops 
represented  about  62  percent  of  the  total  crop  acreage  (table  7). 
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Table  7. — Distribution  of  agricultural  area  of  Egypt,  1931-32  l 

Crop 

Lower  Egypt 

Middle  Egypt 

Upper  Egypt 

Total 

Summer  crops: 

Cotton .. 

Acres 

822, 371 

469, 265 

941 

5,127 

31,  308 

11, 897 

14, 399 

14,  342 

9,361 

1,223 

3,904 

Acres 

227, 469 

12 

50,101 

13,  381 

875 

8,479 

474 

2,294 

10 

Acres 
85, 421 

Acres 

1, 135,  261 

469, 277 

259, 970 

72,685 

32,  256 

20,985 

17,  654 

16,991 

9,375 

Rice ---.-.     -.  .-    

208, 928 

54, 177 

73 

609 

2,781 

355 

4 

228 

5,152 

Snparcanpi 

Peanuts .      

Melons -     - 

Sesame --.    

Vegetables 

Corn _    .  

All  others.      -    - 

4,671 

13,  727 

Total    .  .    . 

1,384,138 

307,  766 

357,  728 

2, 049,  632 

Fall  crops: 

Corn .- 

1, 422,  346 

4,866 

523, 993 
70,  901 
20, 140 

18, 676 

86,  330 
23,914 

2, 032, 669 
99,  681 
20, 140 
42,007 

All  others 

16,  238 

7,093 

Total 

1, 443, 450 

633,  710 

117,337 

2, 194, 497 

Winter  crops: 

Wheat 

992, 154 

1, 165,  683 

228,  393 

214, 471 

6,104 

50,  031 

382,  580 

322,  349 

175, 174 

32, 416 

14, 933 

70,  574 

387, 181 
214, 059 
211, 170 
118, 858 
22,  586 
168,  685 

1,761,915 

1, 702,  091 
614,  737 

Beans 

365,  745 

Onions 

All  others 

43,  623 
289,290 

Total 

2,  656,  836 
29,  206 

998,  026 
9,332 

1, 122,  539 
5,386 

4,  777, 401 

Orchards 

43, 924 

Total         

5,  513,  630 
3,  251,  779 

1,948,834 
1, 161, 909 

1,  602, 990 
1,  229,  620 

9, 065, 454 
5,  643, 308 

2,  261, 851 

786,  925 

373,  370 

3, 422, 146 

i  Refers  to  the  year  Sept.  1  to  Aug.  31. 


Compiled  from  annual  statistics  of  crop  areas,  Statistical  Department,  Ministry  of  Finance,  Egyptian 
Government,  Cairo. 

Corn,  although  one  of  the  leading  crops  of  the  country,  is  not  grown 
to  any  great  extent  on  the  basin  lands  of  Upper  Egypt  but  is  replaced 
there  by  the  grain  sorghum  called  dura.  In  Lower  and  Middle  Egypt 
on  the  canal-irrigated  lands,  corn  is  the  leading  crop  from  the  stand- 
point of  acreage.  Rice  is  cultivated  on  the  lowlands  of  the  northern 
delta  and  the  Fayoum.  Berseem  is  one  of  the  most  important  crops 
and,  being  a  legume,  is  the  chief  soil-building  crop.  Onions  are  pro- 
duced in  both  Upper  and  Middle  Egypt  with  a  limited  area  in  the  delta. 
Fruits  and  vegetables  are  grown  in  all  sections  (table  8). 


Table  8. — Percentage  of  total  acreage  in  leading  crops  in  Egypt,  1926-27  to  19Sl-32] 


Crop 

1926-27 

1927-28 

1928-29 

1929-30 

1930-31 

1931-32 

Cotton  2 

Percent 

17.50 

24.62 

2.94 

4.85 

18.41 

5.18 

4.18 

.55 

.39 

21.38 

Percent 

20.11 

23.82 

2.68 

2.94 

17.72 

5.91 

4.08 

.66 

.41 

21.67 

Percent 

21.35 

21.41 

2.96 

3.65 

18.04 

5.82 

4.48 

.64 

.43 

2J.22 

Percent 
24.12 
21.15 
3.02 
4.00 
16.98 
4.91 
3.85 
.62 
.38 
20.97 

Percent 

19.69 

24.73 

3.86 

.76 

18.59 

4.95 

3.45 

.76 

.47 

22.74 

Percent 
12.52 

22.53 

3.97 

5.40 

Wheat 

19.44 

Beans 

6.78 

Barley 

4.03 

.80 

.48 

Gardens  and  other  crops 

24.05 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

i  Ministry  of  Agriculture.    Agricultural  year  Sept.  1  to  Aug.  31. 
» Area  limited  by  law,  seasons  1927-28  to  1929-30  and  1931-32, 
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LAND  TENURE 

Farm  labor  is  of  two  general  types  (1)  labor  hired  by  the  landowner 
at  a  fixed  wage  and  (2)  labor  performed  by  the  owner  or  tenant. 
The  first  type  includes  the  large  estates  and  farms  of  100  acres  or  more. 
Owners  of  such  estates  may  employ  the  population  of  an  entire  village. 
All  machinery,  work  animals,  and  other  equipment  are  supplied  by  the 
landowner.  The  wages  paid  may  be  in  cash  or  a  part  of  the  crop. 
Living  quarters  in  the  village,  but  not  food,  are  always  provided  in 
addition  to  any  wages  paid.  The  second  type  includes  the  owners  of 
small  farms  who  with  their  families  work  their  own  land.  Many  of 
these  farms  are  so  small  that  their  owners  are  unable  to  make  a  living 
without  renting  additional  land  or  working  as  part-time  laborers  on 
the  large  estates.  Such  a  farmer  might  be  classed  as  more  renter  than 
owner. 

A  form  of  share  rent  known  as  " partnership"  is  now  becoming 
common.  Under  this  system,  the  landlord  receives  a  fixed  percentage 
of  all  crops  grown,  plus  a  part  of  the  estimated  rent  in  cash.  For 
example,  land  that  would  rent  under  the  cash  system  for  $40  per  acre 
might  rent  under  the  partnership  system  for  one-half  of  all  crops,  plus 
one-half  of  the  cash  rent  ($20  per  acre).  Under  such  a  partnership 
the  landlord  might  furnish  an  ox,  the  seeds,  the  tools,  and  the  commer- 
cial fertilizers.  The  tenant  furnishes  an  ox,  the  barnyard  manure, 
and  all  labor.  Another  form  of  partnership,  used  when  the  tenant 
has  no  work  animals  of  any  kind,  allows  the  tenant  to  keep  one-sixth 
of  the  crop  after  a  quantity  equal  to  the  original  seed  has  been  returned 
to  the  landlord. 

The  terms  of  the  partnership  depends  upon  the  type  of  land,  the 
equipment  of  the  renter,  and  the  demand  for  land.  The  partnership 
system  is  common  on  the  canal-irrigated  lands,  and  on  the  basin  lands 
the  cash  system  is  favored.  Landlords  who  live  in  the  towns  prefer  to 
rent  for  cash  while  owners  who  live  on  or  near  the  land,  as  a  rule,  use 
some  form  of  the  partnership  system. 

SIZE  OF  FARMS 

Egypt  is  a  land  of  intensive  agriculture.  The  average  farm,  accord- 
ing to  the  latest  Government  statistics,  is  2.47  acres.  About  39  percent 
of  the  total  area  of  the  country,  however,  is  occupied  by  farms  of  52 
acres  or  larger.  But  farms  of  this  size  represent  only  0.5  percent  of 
the  total  number  of  farms.  It  is  estimated  that  90  percent  of  the 
landowners'  holdings  are  so  small  that  their  owners  are  compelled, 
in  order  to  supplement  their  income,  to  rent  from  1  to  5  acres  from  the 
owners  of  larger  farms  (table  9). 
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Table  9. — Number  of  landowners  and  distribution  of  land  by  size  of  holdings 

Egypt,  19S1 


Size  of  holdings  (acres) 

Owners 

Area ' 

Average 

holdings 

per  owner  > 

Less  than  1           _             _  .        _        _ 

Number 

1,529,644 

554,  550 

84,  351 

40  377 

12, 093 

9,404 

12,  708 

Percent 

68.2 

24.7 

3.8 

1.8 

.5 

.4 

.6 

Acres 
605,  707 

1,  218,  521 
593,  049 
529, 536 
303,  480 
374,810 

2, 390,  418 

Percent 
10.1 
20.3 
9.9 
8.8 
5.0 
6.2 
39.7 

Acres 

0  4 

lto5.-_    _  .         

2  2 

5.1  to  10 _     .  _ 

7  0 

10.1  to  21 

13  1 

21.1  to  31.   . 

25  I 

31.1  to52.._ 

39  9 

Over  52..    .        _    ..  _ 

188  1 

Total 

2,  243, 127 

100.0 

6, 015,  521 

100.0 

2.7 

1  Excluding  lands  exempt  from  taxation. 

Compiled  from  annual  statistics,   1931-32,  Department  of  Statistics,  Ministry  of  Finance,  Egyptian 
Government. 

The  organization  of  the  average  small  farm  is  simple.  The  dates 
of  planting,  cultivating,  and  harvesting,  vary  but  slightly  from  year 
to  year.  The  capital  invested  in  farm  equipment  is  small.  Farm 
animals  usually  consist  of  a  buffalo,  a  cow  or  two,  a  donkey,  a  few 
sheep  or  goats,  and  some  poultry.  The  farm  machinery  is  in  keeping 
with  the  simple  type  of  organization  and  consists  mainly  of  home- 
made plows  and  small  hand  tools. 

CROP  ROTATION 

The  Egyptian  farmer  may  not  understand  the  reasons  but  experi- 
ence has  taught  him  that  better  yields  are  obtained  when  a  system  of 
crop  rotation  is  followed.  No  uniform  rotation  is  in  general  use,  but 
it  is  the  universal  practice  to  include  cotton  and  a  leguminous  crop 
in  all  rotations.  Few,  if  any,  farmers  grow  the  same  crop  2  years  in 
succession  upon  the  same  land. 

Most  rotations  are  based  upon  the  peculiar  condition  of  the  farm 
and  district,  but  all  are  built  around  cotton  and  berseem  and  may 
include  corn,  wheat,  barley,  grain  sorghum,  rice,  onions,  beans,  and 
vegetables.  On  the  canal-irrigated  lands  a  2-year  rotation,  consisting 
of  cotton  followed  by  wheat  the  first  year  and  corn  and  berseem  the 
second  year,  is  perhaps  the  most  common.  When  such  a  rotation  is 
used,  the  land  is  occupied  by  cotton  from  March  to  October  and  in 
November  or  early  December  wheat  is  sown  and  is  harvested  in  May 
or  June  the  following  year.  In  July  the  land  is  planted  to  corn  and 
is  thus  occupied  until  the  end  of  the  year.  Berseem  is  sown  in  the 
standing  corn  in  November  of  the  second  year  and  is  carried  over  into 
the  following  year  when  the  land  is  again  planted  to  cotton,  complet- 
ing the  rotation.  Such  a  rotation  may  be  changed  by  substituting 
barley  for  wheat,  grain  sorghum  for  corn,  and  replacing  a  part  of  the 
berseem  area  with  beans  or  other  leguminous  crop.  Onions,  rice,  and 
vegetables  may  also  find  a  place  in  the  rotation.  The  demand  for 
food  compels  the  farmers  of  the  delta  to  take  advantage  of  the 
abundance  of  labor  and  of  the  canal  irrigation  and  the  mild  winters, 
to  grow  a  crop  in  winter  as  well  as  summer.  The  result  is  that  little 
or  no  cultivable  land  of  the  delta  is  allowed  to  lie  idle  very  long  at 
any  season. 
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On  basin-irrigated  lands,  if  summer  water  is  not  supplied  by  pump- 
ing, the  characteristic  feature  of  the  rotation  is  a  fallow  period  from 
about  May  to  the  flood  season.  Under  this  system  wheat  is  sown  in 
the  fall  after  the  flood  and  is  harvested  in  May  or  June.  Berseem 
and  beans  are  sown  about  the  same  time  as  wheat,  but  are  harvested 
in  the  spring.  The  land  is  therefore  fallow  from  about  May  to  the 
fall  flood.  This  rotation,  like  that  of  the  delta,  is  subject  to  changes 
within  fixed  limits  to  fit  special  circumstances. 

The  chief  difference  in  the  cropping  system  of  the  delta  and  the 
upper  valley  is  due  to  the  type  of  irrigation  employed. 

THE  PLACE  OF  COTTON  IN  THE  CROPPING  SYSTEM 

Maintenance  of  the  soil  fertility  is  one  of  the  outstanding  problems 
of  Egyptian  farmers  and  one  in  which  the  Government  is  equally 
interested.8  But  the  average  farmer,  in  addition  to  the  maintenance 
of  the  soil  fertility,  must  consider  other  factors  wThen  outlining  a 
cropping  program.  Years  of  experience  have  shown  that  in  general, 
rotations  that  include  corn  and  wheat  as  food  crops,  cotton  as  a  cash 
crop,  and  berseem  and  beans  as  soil-building  crops  are  the  most 
profitable.  I 

In  addition  to  maintenance  of  the  soil  fertility,  a  farmer  must  con- 
sider seasonal  distribution  of  crops,  labor,  rent,  and  water  supply. 
If  cotton  has  a  high  cash  return  per  acre  and  the  soil  is  fertile,  a  2-year 
rotation  is  generally  followed.  If  the  land  is  not  of  the  best  cotton 
soil  a  3-year  rotation  may  be  followed.  In  the  choice  of  crops,  under 
normal  conditions  cotton  receives  first  consideration  and  all  other 
crops  are  made  subordinate  to  it.  By  using  an  increased  quantity  of 
barnyard  manure,  land  that  would  otherwise  be  planted  to  cotton 
only  once  in  the  3  years  can  be  so  planted  every  other  year  and  a 
2-year  instead  of  a  3-year  rotation  might  be  followed. 

It  is  important,  from  the  standpoint  of  yields,  to  keep  up  soil  fer- 
tility but  the  variety  of  cotton  planted  and  the  quality  of  the  staple 
produced  are  also  intimately  related  to  soil  fertility  (fig.  7).  The 
income  from  cotton  depends  upon  quality  as  well  as  quantity  and  a 
loss  in  quality  may  be  just  as  much  a  factor  in  crop  income  as  in  a 
drop  in  yields.  This  point  is  well  understood  by  native  growers. 
No  matter  what  the  income  per  acre  or  the  demand  for  food  may  be, 
it  is  seldom  that  the  same  crop  is  planted  on  the  same  land  2  years 
in  succession.  The  farmers  feel  that  the  productive  powers  of  the  soil 
must  be  maintained  and  they  have  found  that  a  system  of  rotation  in 
which  cotton  utilizes  one-third  or  less  of  the  land  each  year  will  do 
this  best. 

Prices  and  the  returns  per  acre  either  in  cash,  food,  or  feed  have  a 
direct  influence  upon  the  choice  of  crops.  Gross  returns  per  acre 
from  corn,  cotton,  and  wheat  in  1927  and  1932  are  included  in  table  12. 
Government  decrees  restricted  the  acreage  in  many  years  but  in  half 
the  years  since  1913  there  were  no  acreage  restrictions  and  the  sub- 
stantial changes  which  took  place  are  attributable  to  other  factors 
among  which  the  price  of  cotton  relative  to  other  crops  was  probably 
the  most  important.     The  high  cotton  acreages  in  1920,  1924,  and 

8  By  royal  decrees  dated  Nov.  14,  1932,  the  acreage  that  a  farmer  might  plant  to  cotton  in  any  1  year  was 
limited  to  50  percent  of  his  cultivated  land.  In  a  note  the  Government  explained  that  this  action  was  in 
the  interest  of  soil  fertility  and  crop  rotation  and  was  not  designed  to  increase  prices.  Recently  those  decrees 
were  rescinded. 

-34 3 
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1925  and  the  low  acreage  in  1919  were  associated  with  relatively  high 
and  low  cotton  prices,  respectively,  prior  to  planting.  Likewise  the 
more  usual  acreages  in  1916  and  1917  followed  approximately  average 
prices  of  cotton  in  relation  to  prices  of  corn  and  wheat. 

Labor  is  not  a  problem,  the  farm  population  is  large,  wages  are  low, 
and  intensive  crops,  such  as  cotton,  may  be  grown.  The  labor  supply 
is  especially  large  in  the  delta  (fig.  8). 

Rent  as  such  may  not  be  so  much  a  factor  in  the  choice  of  crops  as 
is  the  system  under  which  it  is  collected.  With  about  70  percent  of 
the  area  of  the  country  in  farms  larger  than  one  man  can  cultivate,  it 
is  plain  that  the  collection  of  rent  affects  a  large  percentage  of  the 
farmers.  Because  of  convenience,  landlords  demand  that  rents  be 
paid  in  cash.  To  the  small  farmer  cash  means  cotton.  Therefore 
cotton  is  grown  and  sold  in  order  to  pay  rents.     The  system  of  cash 


§r"ii 

Figure  7.— Without  irrigation  for  watering  cotton  the  fertile  soil  of  Egypt  would  be  unproductive. 

rent  has  a  direct  influence  on  the  place  cotton  occupies  in  the  cropping 
system.  It  also  tends  to  restrict  the  extent  to  which  farmers  respond 
to  changes  in  cotton  prices,  both  actual  and  in  relation  to  other  crops. 

On  the  canal-irrigated  lands  of  the  delta  the  summer  water  supply 
is  often  limited,  and  may  influence  the  crop  acreage.  The  shortage 
of  water  at  times  restricts  the  quantity  of  rice  grown  as  a  summer  crop. 
In  years  of  low  water,  farmers  of  the  lower  delta  may  be  forced  to 
plant  cotton  in  place  of  rice..  The  average  Egyptian  farmer  grows 
a  large  proportion  of  his  food  and  feed  requirements.  The  beans  and 
clover  for  the  animals,  the  corn  and  wheat  for  human  food,  fit  into  his 
crop  rotation,  and  the  area  of  each  is  governed  largely  by  the  fertility 
of  the  soil,  the  home  requirements,  and  the  demand  for  cash. 

The  extensive  double-cropping  practices  of  the  farmers  are  largely 
responsible  for  the  involved  and  overlapping  cropping  system  of  the 
country.     Under  the  common  rotation,  crops  are  classed  according  to 


COTTON   PRODUCTION   IN   EGYPT 


19 


their  growing  seasons  into  summer,  fall,  and  winter  crops.  Although 
this  general  classification  fits  into  the  rotation,  certain  crops  overlap, 
thus  often  limiting  a  farmer  in  his  choice  of  crops,  particularly  with 
respect  to  the  time  at  which  the  choice  may  be  made.  Cotton,  corn, 
and  wheat  dominate  the  total  crop  area  of  the  season  in  which  they  are 
grown.  The  annual  fluctations  in  the  acreages  of  cotton,  corn,  and 
wheat,  therefore,  have  a  direct  relation  to  the  fluctuations  in  the  total 
area  of  summer,  fall,  and  winter  crops  and  explain  in  part  the  acreage 
shifts  of  the  three  growing  seasons.     The  extent  to  which  these  crops 


Figure  8.— The  labor  for  picking  cotton  is  supplied  largely  by  women  and  children.   Great  care  is  used  to 
keep  the  lint  free  from  trash  and  other  foreign  matter. 

overlap  and  to  which  a  shift  in  one  involves  a  shift  in  one  or  both  of 
the  others  is  due  to  the  double-cropping  system. 

In  September  1914,  the  Egyptian  Government  issued  a  decree 
restricting  the  cotton  acreage  for  the  year  1915.  Before  the  planting 
of  the  1915  crop,  however,  cotton  prices  fell  sharply.  The  Egyptian 
acreage  was  cut  in  compliance  with  the  law,  but  in  all  probability  the 
fall  in  prices  alone  would  have  resulted  in  a  reduced  acreage.  The 
decline  in  the  cotton  acreage  of  1915  was  absorbed  by  an  increase  in 
the  1914  winter-crop  area.  The  fact  that  the  decree  was  issued  in 
September  1914,  prior  to  the  planting  of  winter  crops,  explains  in 
part  the  heavy  increase  in  the  acreage  of  winter  crops  planted  in  1914 
(table  10). 
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FIGURE   9. — ACREAGE  OF  COTTON,    CORN,   AND   WHEAT   OF    EGYPT.    1911-31. 

These  three  crops  form  the  chief  rotation.     Cotton  is  grown  as  a  summer  crop,  corn  as  a  fall  crop,  and 

wheat  as  a  winter  crop. 


Table  10. — Acreage  of  summer,  fall 

,  and  winter  crops  of  Egypt,  1911 

-SI 

Year 

Summer 
crops 

Fall  crops 

Winter 
crops 

Total 

Year 

Summer 
crops 

Fall  crops 

Winter 
crops 

Total 

Acres 

Acres 

^4cres 

Acres 

Acres 

Acres 

Acres 

Acres 

1911-- 

2,  248,  643 

1, 800,  795 

3, 879,  337 

7,  928,  775 

1922- _ 

2,  219,  455 

2, 157, 407 

4, 138, 915 

8,  515, 777 

1912-. 

2,  263,  856 

1, 816, 037 

3, 870, 454 

7,  950,  347 

1923. . 

2,  252,  461 

1,  989, 061 

3,  955,  762 

8, 197,  284 

1913.- 

2,  289,  785 

1,  841,  365 

3,  632,  622 

7,  763,  772 

1924-  - 

2,  399,  318 

1,  990,  310 

3,  887,  656 

8,  277,  284 

1914- - 

2, 180,  744 

2,  016,  324 

4,  249,  198 

8,  446,  266 

1925- - 

2,  407,  530 

2, 197,  533 

4,  029,  900 

8,  634,  963 

1915- - 

1, 896,  062 

1,  948, 180 

3,  852,  957 

7,  697, 199 

1926- - 

2,  391,  563 

2,  321,  777 

4,  306,  729 

9,020,069 

1916-- 

2, 178,  466 

1,  848,  690 

3,  806,  494 

7,  833,  650 

1927-  . 

2,  296,  588 

2,  351,  745 

4,  326,  859 

8,  975, 192 

1917-- 

2,  337,  485 

1,  805,  225 

4,  031,  341 

8, 174,  051 

1928- - 

2,  350,  310 

2,  260, 165 

4,  329,  750 

8,  940,  225 

1918- - 

2,  105,  491 

1,  950,  248 

3,  942,  306 

7,  998,  045 

1929- . 

2,  578,  731 

2,  003,  713 

4,  074, 159 

8,  656,  603 

1919- - 

2, 101,  873 

1,  909,  590 

3,  658,  388 

7,  669, 851 

1930- _ 

2,  862,  054 

1,  991,  913 

4,  271,  591 

9,  125,  558 

1920. - 

2,  368,  204 

2,  047,  427 

4,  150,  042 

8,  565,  673 

1931 __ 

2,  240,  866 

2,  317,  550 

4,  877,  400 

9,  435, 816 

1921 -. 

1,  990,  392 

2, 194,  334 

4,  108, 188 

8,  292,  914 

Compiled  from  annual  statistics  of  crops  areas,  Statistical  Department,  Ministry  of  Finance,  Egyptian 
Government,  Cairo. 


A  second  factor  in  the  changes  in  the  wheat  acreage  is  the  ease  with 
which  crop  acreages  of  the  winter  season  can  be  shifted  as  compared 
with  those  of  other  seasons.  Although  wheat  is  the  chief  winter  crop, 
on  an  average  it  does  not  occupy  so  large  a  part  of  the  total  winter- 
crop  area  as  cotton  and  corn  do  of  the  total  summer-  and  fall-crop 
areas.  Since  1911,  cotton  has  occupied  an  average  of  about  76  per- 
cent of  the  total  summer-crop  area,  corn  almost  94  percent  of  the 
total  fall-crop  area,  and  wheat  only  about  35  percent  of  the  winter- 
crop  area.  About  one-third  of  the  total  winter-crop  area  is  occupied 
by  berseem  grown  as  a  forage  crop.  It  is  a  simple  matter,  therefore, 
to  increase  the  wheat  acreage  by  shifting  the  acreage  of  berseem.  A 
shift  in  the  acreage  of  berseem  or  wheat  often  requires  no  change  in 
the  total  winter-crop  area,  whereas,  because  of  the  high  percentage  of 
the  total  area  they  occupy,  a  shift  in  the  acreage  of  cotton  or  corn  is 
almost  certain  to  affect  the  total  crop  area  of  the  summer  or  fall 
seasons  (fig.  9  and  table  11). 
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Year 

Cotton 

Corn 

Wheat 

Total 

Year 

Cotton 

Corn 

Wheat 

Total 

1911.-- 
1912--- 
1913-.- 
1914--- 
1915.-- 
1916..- 
1917.-- 
1918--- 
1919--- 
1920--. 
1921— _ 

Acres 
1,  776, 268 
1,  787,  244 
1,  788,  572 
1, 821,  970 

21,231,072 
1,  718,  421 
1,  741,  048 
1, 365,  564 
1, 633,  461 
1, 897,  329 

21,340,981 

Acres 

1 1, 688,  732 

» 1,  761,  829 

1 1,  771,  466 

1, 876, 151 

1, 823,  710 

1,  719,  397 

1,  669,  844 

1, 800,  214 

1,  778,  610 

1,  924,  286 

2,  069,  318 

Acres 
1, 331,  687 
1,  355, 189 
1,  300,  843 
1,  592, 085 
1, 447, 163 

Acres 
4,  796,  687 
4,  904,  262 
4,  860, 881 
5,290,206 
4,  501,  945 

1922-.- 
1923--. 
1924.-- 
1925--. 
1926--. 
1927- . 
1928- . 
1929. _ _ 
1930-- 
1931—. 

Acres 
2 1, 869,  275 
2 1,  780,  326 

1,  855,  781 

1,  997,  509 
21,853,559 
21,573,815 
21,804,534 
21,911,454 

2, 161,  552 
21,746,646 

Acres 
2, 026, 840 

1,  853,  584 
1, 859,  935 

2,  061, 148 
2, 158,  723 
2,  214,  282 
2, 137,  627 
1,  916,  777 
1, 896,  277 
2, 193,  706 

Acres 
1,  536,  881 
1,  415, 883 
1,  379,  626 
1,  531,  523 
1,  654,  767 
1,  589,  874 
1,  614,  481 
1,  521,  560 
1,  649,  366 
1,  761,  915 

Acres 
5,  432,  996 
5,  049,  793 
5,  095,  342 
5,  590, 180 
5,  667, 049 
5,  377,  971 
5,  556,  642 
5,  349,  791 
5,  707, 195 
5,  702,  267 

1,  286,  214 
1,  323,  376 
1, 190,  290 
1,  458, 180 
1,  517,  785 

4,  697, 106 
4, 489, 154 

4,  602,  361 

5,  279,  795 
4,  928, 084 

1  Includes  a  small  acreage  of  grain  sorghum. 

2  Acreage  limited  by  law. 

Compiled  from  annual  statistics  of  crop  areas,  Statistical  Department,  Ministry  of  Finance,  Egyptian 
Government,  Cairo. 

The  extent  to  which  minor  crops  of  the  three  growing  seasons  are 
shifted  when  a  major  crop  is  involved  is  also  noticeable,  but  because  of 
the  low  acreage  of  these  crops  these  shifts  are  not  very  important. 
During  the  summer  growing  season  of  1914  the  area  planted  in  rice 
was  23,307  acres;  with  a  restriction  on  the  acreage  of  cotton  in  1915, 
the  acreage  of  rice  increased  to  310,064  acres  9  while  the  acreage  of 
sugarcane  increased  but  4,000  acres  over  1914.  The  importance  of 
cotton  as  a  summer  crop  is  shown,  however,  in  that,  in  the  face  of  an 
increase  in  other  summer  crops,  the  total  summer  crops  declined 
284,682  acres. 

With  the  acreage  restriction  removed  in  1916,  the  acreage  of  cotton 
(and  the  total  summer-crop  area)  increased  while  the  fall  and  winter- 
crop  areas  (as  well  as  wheat  and  corn  acreage)  declined.  The  fact 
that  this  increase  was  absorbed  by  both  fall  and  winter  crops  may  be 
explained  by  the  circumstances  under  wnich  the  farmers  exercised 
their  choice  of  crops.  The  coming  removal  of  acreage  restriction 
was  known  early  enougn  in  1915  to  enable  farmers  to  hold  land  out 
of  wheat  and  thus  have  it  available  for  cotton  in  the  spring  of  1916. 
The  acreage  of  the  1916  summer  rice  crop  was  again  near  the 
average. 

The  low  cotton  acreage  of  1918  followed  an  increased  acreage  of 
winter  crops  (planted  in  1917)  the  chief  of  which  was  wheat. 
Farmers,  knowing  in  late  1917  that  they  would  decrease  their  1918 
cotton  acreage,  prepared  for  it  by  increasing  the  area  of  winter  crops 
(wheat)  in  1917.  This  increased  acreage  harvested  in  1918  was 
naturally  followed  by  an  increase  in  the  acreage  of  fall  crops  planted 
in  1918.  Under  the  normal  rotation,  land  upon  which  a  winter 
grain  crop  is  harvested  is  planted  to  fall  (corn)  crops.  The  choice 
of  summer  crops  other  than  cotton  appears  to  have  little  influence 
upon  the  total  summer-crop  area. 

The  increase  of  the  1920  cotton  area  to  1,897,329  acres  was  the 
result  of  a  decrease  of  both  fall  (corn)  and  winter  (wheat)  acreage  in 
1919.  Here  again  the  growers  were  free  during  the  fall  and  winter 
season  of  1919  to  exercise  their  choice  of  crops,  and  the  result  was  an 

9  The  acreage  of  summer  rice  depends  to  a  large  extent  upon  the  summer  water  supply.  Under  normal 
conditions  the  average  area  is  about  150,000  acres.  The  low  acreage  of  1914  was  probably  due  to  water 
shortage  and  for  this  reason  the  increase  of  almost  300,000  acres  in  1915  cannot  all  be  charged  to  the  cotton 
reduction. 
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increase  in  the  1920  cotton  area  and  a  decrease  in  the  winter-crop 
area  of  1919.  The  high  cotton  acreage  of  1925  in  like  manner 
accounts  for  the  low  acreage  of  winter  crops  of  1924.  Knowing  in 
late  1924  that  the  conditions  were  favorable  for  an  increase  of  cotton 
acreage  in  1925,  farmers  planted  less  wheat  in  1924.  The  1924  fall- 
crop  area  was  about  equal  to  that  of  the  previous  year.  The  decline 
in  cotton  acreage  from  1925  to  1927  was  followed  by  an  increase  in 
wheat  acreage. 

Apparently,  to  increase  cotton  acreage  under  the  present  rotation, 
Egyptian  farmers  must  make  the  decision  prior  to  the  date  of  planting 
winter  crops  of  the  previous  year.  The  choice  of  a  substitute  crop 
for  cotton,  wheat,  or  corn  appears  to  have  little  influence  upon  the 
area  of  these  crops  or  upon  the  totals  of  the  seasonal  areas.  Ap- 
parently the  important  factor  is  the  crop-rotation  system  and  the 
position  of  a  crop  in  that  rotation  at  the  time  conditions  warrant  a 
shift  in  its  area. 

It  therefore  follows  that  when  the  farmer  elects  to  increase  cotton 
acreage  he  plants  less  wheat  the  preceding  year  which  in  turn  makes 
available  less  area  for  fall  (corn)  crops;  likewise  when  wheat  acreage 
is  increased,  the  area  of  summer  (cotton)  crops  the  following  year  is 
less,  and  a  larger  area  for  fall  crops  is  available.  Cotton  acreage 
can  therefore  be  increased  but  little  without  a  corresponding  shift  in 
food  (corn  and  wheat)  crops.  This  shift  the  farmer  is  prepared  to 
make  when  conditions  warrant. 

Table   12. — Gross  returns  per  acre  from  the  three  leading  crops  of  Egypt,  1927 

and  1932  * 


1927 

1932 

Crop 

Lower 
Egypt 

Middle 
Egypt 

Upper 
Egypt 

Lower 
Egypt 

Middle 
Egypt 

Upper 
Egypt 

Cotton. .    -. 

Dollars 
48.31 
28.84 
30.98 

Dollars 
49.26 
27.08 
31.32 

Dollars 
57.54 
29.89 
36.55 

Dollars 
25.22 
28.75 
25.70 

Dollars 
26.56 
28.22 
25.75 

Dollars 
36.79 

28.65 

Wheat. ... 

25.56 

1  These  figures  were  obtained  by  multiplying  the  average  acre  yield  by  the  price  of  the  crop  at  Alexandria. 
The  yield  figures  were  supplied  by  the  Cotton  Bureau  of  the  Ministry  of  Finance  and  the  prices  by  the 
Statistical  Department  of  the  same  Ministry.  All  prices  are  averages  for  the  month  of  August.  Cotton 
prices  of  Lower  Egypt  are  for  Fully  Good  Fair  Sakellarids  spot;  for  Middle  and  Upper  Egypt  they 
are  for  Fully  Good  Fair  Uppers  spot. 

COST  ITEMS  IN  THE  PRODUCTION  OF  COTTON 


The  cost  of  producing  cotton  varies  widely  from  farm  to  farm 
as  well  as  from  year  to  year.  In  common  with  farmers  the  world 
over,  few  Egyptians  know  definitely  their  cost  of  production.  A 
large  percentage  of  farmers  are  unable  to  read  or  write  and  therefore 
make  no  attempt  to  keep  accounts.  The  few  figures  available  are 
perhaps  chiefly  from  larger  estates  on  which,  because  of  the  form  of 
management,  the  costs  are  perhaps  relatively  higher  than  on  the 
lands  of  the  small  farmer.  According  to  the  best  available  estimates, 
the  costs  of  growing  an  acre  of  cotton  range  between  $26.70  and 
$60.20.10 

10  Wahhab,  A.  A.    memorandum  on  the  basis  of  a  staple  cotton  policy,  55  pp.    Cairo,  Ministry  of 
Finance.    1930.jf 
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LABOR 

Labor  cost  is  not  high,  but  it  is  the  chief  item  in  cost  of  growing. 
The  average  grower  can  cultivate  from  1  to  about  4  acres  of  cotton. 
With  average  yields  this  means  that  the  average  grower  and  his 
family  produces  from  less  than  1  to  about  3  bales  of  cotton  annually, 
depending  upon  the  size  of  his  family. 

FERTILIZER 

Fertilizer  is  an  item  of  increasing  expense.  In  spite  of  the  fertile 
soil,  the  use  of  commercial  fertilizer  has  increased  in  Egypt  from  about 
55,000  tons  in  1919  to  more  than  330,000  tons  in  1930.  This  increase 
is  due  to  the  use  of  fertilizer  on  lands  that  formerly  did  not  require  it, 
as  well  as  to  the  use  of  increasing  quantities  per  unit  of  land.  The 
commercial  fertilizers  most  used  are  nitrate  of  soda,  sulphate  of 
ammonia,  cyanamid  of  calcium,  and  superphosphates.  The  value  of 
barnyard  (baladi)  manure  is  well  known,  and  great  care  is  taken 
to  return  it  to  the  soil.  Most  landowners  require  the  renter  to  return 
to  the  land  a  fixed  quantity  of  baladi  manure  per  acre  each  year. 
Little  crop  residue  as  such  is  returned  to  the  soil.  All  fodder  is  fed 
or  burned  as  fuel. 

Use  of  commercial  fertilizer  is  more  common  in  Lower  Egypt  than 
in  the  upper  valley  where  little  fertilizer  aside  from  the  baladi  manure 
is  used.  The  average  cost  of  fertilizer,  when  used,  ranges  from  $2.38  to 
$7.14  per  acre.  The  fact  that  commercial  fertilizer  is  not  used  on  all 
cotton  land  reduces  the  average  cost  per  acre  below  this  figure. 

RENT 

Rent  of  agricultural  land  has  always  been  high,  but  since  cotton  has 
become  the  leading  cash  crop,  a  system  of  excessive  rents  has  de- 
veloped. The  price  has  fluctuated  with  the  fluctuations  in  the  price  of 
cotton.  Rent  per  acre  in  designated  years  1912  to  1929,  averaged 
as  follows:11 

1912 $29.  94 

1913 31.03 

1914 31.  55 


1927 $39.  07 

1928 38.  95 

1929 36.  95 

Rents  have  decreased  since  1929  but  at  present  they  range  from 
$15  to  $40  per  acre.  The  decrease  is  due  to  reduced  cotton  prices  and 
not  to  a  decline  in  yields.  It  is  well  known  that  rents  are  greatly  out 
of  harmony  with  cotton  income.  Until  the  system  of  renting  is 
changed  or  rents  per  acre  are  reduced,  the  growers  will  receive  very 
little  for  their  labor. 

TAXES  AND  INTEREST  RATES 

Taxes  are  high.  Land  taxes,  collected  by  the  central  Government, 
range  from  $3.33  to  $7.61  per  acre.  The  land  tax  includes  the  fee  for 
water  rights.  The  grower  is  required  to  buy  a  supply  of  cottonseed 
each  year.  This  has  its  advantage  in  that  the  Government  is  able  to 
control  the  seed  supply  and  can  dictate  the  quantity  and  variety  to  be 
planted,  but  it  often  works  a  hardship  on  the  grower  who  is  short 
of  cash. 

The  average  farmer,  like  most  farmers  of  other  countries,  operates 
to  a  large  extent  on  borrowed  money.    In  the  case  of  the  small  farmer 

11  Wahhab,  A.  A.    See  footnote  10. 
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this  borrowed  capital  is  supplied  by  a  banker  or  money  lender  who 
lives  in  the  village,  but  in  the  case  of  the  large  landowner  the  larger 
banks  and  the  cotton-export  firms  make  the  loans.  Cotton  is  the  basis 
of  all  such  loans.  Interest  rates  are  high,  often  as  much  as  15  to  20 
percent,  and  are  a  considerable  item  in  the  cost  of  growing  cotton  since 
most  of  the  land  is  rented  for  cash  which  is  often  paid  with  borrowed 
money.  Thus  in  addition  to  a  high  rent,  such  a  farmer  is  required  to 
pay  interest  upon  the  money  borrowed  and  paid  as  rent. 

Egypt  is  now  passing  through  an  adjustment  period  in  which  both 
land  prices  and  rents  are  declining.  This  reduction  has  its  reaction  on 
the  cost  of  producing  cotton.  A  great  many  farmers  will  probably  lose 
their  holdings  through  foreclosures,  but  in  general  it  is  not  expected 
that  this  fact  will  cause  a  shift  to  crops  other  than  cotton.  It  will 
have  a  tendency  to  increase  the  cotton  acreage  on  the  large  estates  on 
which  farmers  who  have  lost  their  holdings  will  be  employed. 

ACREAGE  AND  PRODUCTION 

Cotton  was  probably  known  and  grown  to  a  limited  extent  by 
the  ancient  Egyptians,  but  only  in  the  last  100  years  has  it  become  a 
commercial  crop.  A  little  more  than  100  years  ago  a  French  engineer 
called  the  attention  of  the  Turkish  viceroy,  Mohamed  Aly  Pasha,  who 
was  in  need  of  more  revenue,  to  the  possibilities  of  cotton  as  a  commer- 
cial crop.  The  Pasha  was  quick  to  recognize  its  value  and  to  order  it 
planted  on  a  scale  large  enough  to  insure  a  quantity  for  export.  The 
early  crops  were  grown  under  order  of  the  viceroy  but  in  a  short  time 
individuals  became  interested  in  its  production  and  forced  planting 
was  no  longer  necessary.  It  is  estimated  that  the  crop  in  1820  was 
about  200  bales  of  478  pounds  net,  but  by  1861  it  had  reached  150,000 
bales.  The  increase  during  this  period  was  largely  due  to  the  encourage- 
ment given  by  the  State. 

The  Civil  War  in  the  United  States  stimulated  Egyptian  cotton 
production  sharply.  It  is  probable  that,  lacking  that  stimulus,  cotton 
culture  in  Egypt  would  not  be  as  far  advanced  as  it  is  today.  At  the 
outbreak  of  the  war,  European  spinning  centers  were  cut  off  from 
American  cotton  and  were  forced  to  look  for  other  supplies.  This 
gave  Egyptian  cotton  an  opportunity  to  enter  the  spinning  centers  of 
the  Old  World.  Growers  were  quick  to  take  advantage  of  the  situa- 
tion and  to  increase  their  acreages.  By  1864  the  crop  had  reached 
414,000  bales. 

After  the  close  of  the  war  the  Egyptian  crop  not  only  held  this 
place  but  continued  to  increase.  In  1879  the  crop  was  larger  than 
622,000  bales.  Without  the  encouragement  of  the  State  in  the  early 
years  and  the  opportunity  brought  about  by  the  American  Civil  War, 
it  is  doubtful  if  cotton  production  in  Egypt  would  have  gained  the 
place  it  holds  today  in  the  economic  life  of  the  country. 

During  the  period  between  the  American  Civil  War  and  the  out- 
break of  the  World  War,  in  1914,  cotton  production  continued  to 
increase.  As  new  irrigation  works  were  constructed  new  areas  were 
brought  under  production.  The  Aswan  Dam  on  the  Nile  River  in 
Upper  Egypt,  completed  in  1903,  increased  the  much-needed  summer 
water  supply  and  enabled  large  areas  in  the  delta  to  be  brought  under 
irrigation.  In  1912  this  summer  water  supply  was  again  increased  by 
the  heightening  of  the  dam.  New  developments  continued  until  in 
1914  the  area  planted  to  cotton  was  1,822,000  acres,  with  a  crop  of 
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1,334,078  bales.  By  this  time  Egyptian  cotton  had  become  so  widely 
and  so  favorably  known  in  the  spinning  centers  of  the  world  that 
Egypt's  place  as  a  producer  of  long-staple  cotton  seemed  assured. 

The  end  of  a  period  of  almost  uninterrupted  acreage  increases  and 
the  beginning  of  a  period  of  wide  fluctuations  in  both  acreage  and 
production  occurred  in  1914  (table  13).  Annual  fluctuations  in 
acreage,  in  some  instances  as  much  as  25  percent,  have  been  due  in 
many  cases  to  Government  action  in  the  form  of  laws  restricting  cotton 
planting.  At  the  beginning  of  the  World  War,  in  fear  of  a  food  short- 
age, the  Government  limited  the  acreage  planted  to  cotton;  the 
1915  area  was  reduced  to  1,231,000  acres,  or  more  than  32  percent 
under  that  of  1914.  Production  declined  345,000  bales.  The  follow- 
ing year  the  restrictions  were  removed  and  the  cotton  acreage  increased 
approximately  500,000  acres  but  the  crop  outturn  was  only  slightly 
larger  than  that  of  1915. 

Table  13. — Acreage,  production,  and  yield  of  cotton  in  Egypt,  1911-31 


Year 

Acreage 

Production 

Yield  per 
acre 

Year 

Acreage 

Production 

Yield 
per  acre 

1911 

Acres 
1, 776,  268 
1, 787,  244 
1,  788,  572 
1, 821, 970 

2  1,  231,  072 
1,  718, 421 
1,  741,  048 
1,  365,  564 
1,  633,  461 
1,  897,  329 

2  1,  340, 981 

Bales  « 
1,531,009 
1, 551, 687 
1, 586,  516 
1,  334,  078 

988,978 
1, 049,  747 
1,303,965 

997,033 
1, 155,  041 
1,  250,  332 

903,339 

Pounds 
412 
415 
424 
350 
384 
292 
358 
349 
338 
315 
322 

1922 

Acres 

2  1, 869, 275 

2  1, 780,  326 

1, 855,  781 

1, 997,  509 

2  1, 853,  559 

2  1, 573,  815 

2  1,804,534 

2  1,911,454 

2, 161,  552 

2  1,  746,  646 

Bales  i 
1, 392, 180 
1,  355,  729 
1,506,366 
1,  650, 661 
1,  585,  995 
1,261,028 
1, 672,  403 
1,  767, 495 
1,713,867 
1,  317,  256 

Pounds 
356 

1912 

1923 

364 

1913 

1924... 

388 

1914 

1925 

395 

1915 

1926. 

409 

1916 

1927 

383 

1917 

1928- 

443 

1918 

1929 

442 

1919 

1930. 

379 

1920 

1931 

360 

1921 

i  Bales  of  478  pounds  net. 
2  Acreage  limited  by  law. 

Compiled  from  annual  statistics  and  monthly  agricultural  and  economic  statistics,  Statistical  Depart- 
ment, Ministry  of  Finance,  Egyptian  Government,  Cairo. 

After  the  restriction  of  1915  no  Government  action  regarding  acre- 
age was  taken  until  December  7,  1920.  By  decree  of  this  date  the 
area  of  1921  was  reduced  by  more  than  500,000  acres  under  that  of 
1920.  Production  dropped  about  340,000  bales.  Government  action 
again  undertook  to  limit  the  acreages  of  1922  and  1923,  but  from  the 
area  planted  it  appears  that  the  decree  was  not  well  enforced.  The 
action  of  the  Government  in  limiting  acreage  in  1926  and  again  in 
1927,  1928,  and  1929  accounts  in  part  for  the  declines  during  these 
years,  but,  apparently,  after  1926  the  further  laws  regarding  acreage 
redaction  during  this  period  were  not  very  well  enforced.  The  all- 
record  high  acreage  in  1930  of  2,162,000  acres  brought  about  Gov- 
ernment intervention  the  following  year.  Since  1930  some  form  of 
acreage  restriction  has  affected  every  cotton  crop. 

With  the  exception  of  the  interventions  at  the  beginning  of  the 
World  War,  all  Government  action  has  had  for  its  real  object  the 
increase  of  the  price  or  premium  of  Egyptian  cotton  over  cotton  from 
other  coimtries.  There  is  a  close  relationship  between  the  decline 
in  price  or  premium  and  Government  action.  The  Government 
attempted  to  keep  the  price  near  the  war-time  level  not  only  by  limit- 
ing the  acreage  but  by  entering  the  market  and  purchasing  large 
quantities  of  cotton.     Prior  to  the  World  War,  the  demand  for  Egyp- 
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tian  cotton  was  an  important  factor  in  stimulating  acreage  expansion. 
During  the  war  and  immediately  thereafter  the  influence  of  rising 
prices  appears  to  have  increased  acreage,  but  just  what  influence 
declining  prices,  without  the  accompanying  Government  restriction, 
would  have  had  cannot  be  definitely  determined.  It  is  doubtful  if 
declining  prices  alone  would  have  brought  about  such  sharp  reductions. 
The  influence  of  price  upon  cotton  acreage  since  the  war,  except  as  it 
influenced  Government  intervention,  cannot  be  definitely  appraised. 
Since  the  degree  of  enforcement  of  these  laws  is  not  known,  it  is  diffi- 
cult to  measure  their  influence  or  to  estimate  the  acreage  that  growers 
would  have  planted  had  their  choice  of  crops  been  influenced  solely 
by  prices.12 

COTTON-PRODUCING  DISTRICTS  AND  YIELDS 

The  acreage  under  cotton  in  the  delta  is  almost  twice  as  great  as 
that  of  Upper  Egypt,  but  because  of  the  yield  the  production  is  fairly 
evenly  divided  between  the  two  sections  of  the  country.  The  average 
annual  acre  yield  of  the  six  delta  provinces  for  the  5-year  period  from 
1927  to  1931  ranged  between  300  and  360  pounds,  while  for  Upper  and 
Middle  Egypt  it  was  as  high  as  700  pounds  per  acre  and  seldom  below 
400  pounds  per  acre  (table  14).  On  many  of  the  estates  of  Upper 
Egypt  the  yield  is  often  as  much  as  750  to  1,000  pounds  per  acre. 


Table   14. — Acreage,  production,  and  yield  of  cotton  by  Provinces  of  Egypt,  1927-31 

ACREAGE 


Province 

1927 

1928 

1929 

1930 

1931 

Lower  Egypt: 

Beheira.     ...  

Acres 
205, 802 
360,  099 
177,  090 
108, 097 
57,  598 
170,041 

Acres 
226,  779 
401,  236 
199,  632 
111,471 
62,  080 
185,  651 

Acres 
246, 610 
427,  547 
218,168 
116,  026 
64,126 
191,  965 

Acres 
283, 429 
493,  559 
254,044 
124,  124 
69,  862 
215,  065 

Acres 
247,  642 

434,  267 

218,  691 

93,068 

56,488 

Sharqiya  ..   .  -..  , .  ,. 

187,  702 

Total 

1,  078,  727 

1, 186, 849 

1,  264, 442 

1,  440,  083 

1,  237,  858 

Middle  Egypt: 

Beni-Suef 

72, 825 
95,068 
35,  334 
134,  510 

84,  995 
102,  445 

47,311 
155,  324 

90,  350 
10&,  629 

47,  486 
161, 803 

99,  517 
107, 830 

50,  249 
180,  777 

77,  641 

Faiyum 

96,272 

36,  080 

148,  631 

Total 

337,  737 

390,  075 

405,  268 

438,  373 

358,  624 

Upper  Egypt: 

2,364 

117,352 

30,  718 

6,917 

2,608 

150,  293 

61,807 

12,902 

4,033 

161,  636 

58,069 

18,006 

3,085 
186,  324 
73,704 
19,  983 

1,428 

Asyut _----._  .  .-. 

112,  633 

Oirga -. -- 

29,709 

6,394 

Total - 

157,351 

227,  610 

241,  744 

283, 096 

150, 164 

Grand  total 

1,  573, 815 

1,  804,  534 

1,911,454 

2, 161,  552 

1,  746,  646 

"  An  effort  has  been  made  to  determine  by  graphic  correlation  the  relationship  of  relative  cotton  prices 
to  cotton  acreages  in  years  when  no  Government  restrictions  existed.  As  indicated  in  fig.  9,  an  upward 
trend  is  evident  in  the  acreage  of  cotton,  corn,  and  wheat  and  in  view  of  this  trend,  relative  cotton  prices 
were  associated  with  deviations  from  the  trend  in  acreage.  The  variables  used  included  prices  of  Ash- 
mouni  cotton  at  Alexandria  during  the  period  from  January  to  March,  deflated  by  indexes  of  wholesale 
prices  of  farm  products  in  Egypt,  indexes  of  cotton  prices  for  the  same  period  expressed  as  percentages  of: 
(1)  Combined  indexes  of  wheat  and  corn  prices  during  September,  October,  and  November  preceding  the 
planting  of  cotton;  (2)  indexes  of  corn  prices  from  January  to  March;  (3)  indexes  of  rice  prices  from  January 
to  March;  and  (4)  combined  indexes  of  corn  and  rice  prices  from  January  to  March.  Of  the  above  and  other 
correlations  the  best  results  were  obtained  from  the  use  of  indexes  of  cotton  prices  in  the  3-month  period 
from  January  to  March  expressed  as  percentages  of  indexes  of  corn  prices  for  the  same  months,  but  a  close 
coincidence  or  high  degree  of  correlation  was  not  obtained. 
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Table  14. — Acreage,  production,  and  yield  of  cotton  by  Provinces  of  Egypt, 

1927-81— Continued 

PRODUCTION 


Province 

1927 

1928 

1929 

1930 

1931 

Lower  Egypt: 

Beheira..  ... ..  

Bales  J 
126, 769 
240, 012 
124,  667 
88,886 
52,468 
121,  490 

Bales  i 
150,405 
283,648 
141,613 
102, 178 
63,938 
134,  507 

Bales  ' 
165,  267 
316,  370 
155, 815 
100, 875 
71,168 
141,  972 

Bales  ' 
142,  393 
293,405 
164, 192 
94,630 
69,  727 
138,  790 

Bales  i 
132,  262 

271,  952 

153, 031 

62,  436 

59,208 

112,531 

Total 

754,292 

876,  289 

951, 467 

903,137 

791,420 

Middle  Egypt: 

72,  218 
64,560 
34, 875 
156,  595 

106,330 
86,286 
48,  421 

216,  619 

117,939 
91, 173 
49, 107 

228,260 

101,838 
77,294 
47,689 

238,  081 

71, 196 

62,  024 

Giza  .     .  -. .- 

30, 102 

Minya.   .   ..  -  - 

179,  281 

Total              

328,248 

457,  656 

486,  479 

464,902 

342, 603 

Upper  Egypt: 

1,308 

136, 874 

35,096 

5,551 

2,517 

237,529 

84,052 

13,743 

2,797 

236, 914 

71,489 

18,  627 

1,813 

240,584 

85,610 

18,799 

730 

145,  337 

34, 885 

Qena-  .  ..    

5,281 

Total                        

178, 829 

337, 841 

329, 827 

346,806 

186,  233 

Grand  total 

1,  261,  369 

1, 671,  786 

1,  767,  773 

1,  714,  845 

1,  320,  256 

YIELD  PER  ACRE 


Lower  Egypt: 

Pounds 
295 
319 
337 
393 
435 
342 

Pounds 
317 
338 
339 
438 
492 
346 

Pounds 
321 
354 
342 
416 
531 
353 

Pounds 
256 
284 
309 
365 
477 
308 

Pounds 

300 

335 

321 

472 

Sharqiya..   . 

286 

334 

474 
324 

471 
556 

353 

360 

300 

304 

Middle  Egypt: 

Beni-Suef 

598 
403 
490 
667 

624 
412 
494 
675 

490 
343 
453 
630 

438 

Faiyum 

308 

399 

576 

Average..  ...  ..  .. 

465 

561 

573 

507 

457 

Upper  Egypt: 

264 
557 
546 
384 

461 
756 
650 
510 

331 
700 
589 
494 

281 
617 
555 
449 

244 

Asyut . 

616 

Girga 

561 

Qena ..  .. 

381 

543 

710 

652 

586 

592 

Grand  average  .  ...  .  .  .. 

383 

443 

442 

379 

361 

1  Bales  of  478  pounds  net . 

Compiled  from  annual  statistics  of  crop  areas,  Statistical  Department,  Ministry  of  Finance,  Egyptian 
Government,  Cairo. 


The  yield  of  roughly  twice  as  much  per  acre  in  Upper  Egypt  as 
in  the  delta  has  offset,  to  a  large  degree,  the  disadvantage  of  the 
one-crop-per-year  system  on  the  basin  lands  of  this  upper  section. 
At  present,  the  national  requirement  for  winter  crops,  in  order  to  meet 
the  growing  demand  for  food,  is  threatening  the  cotton  crop  of  the 
basin  lands.  With  the  introduction  of  canal  irrigation  in  Upper 
Egypt,  and  the  continuous  cropping  that  follows  such  a  system,  the 
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total  yield,  if  no  change  in  varieties  is  made,  may  be  expected  to 
decline,  but  probably  for  several  years  will  remain  above  that  of  the 
delta. 

FACTORS  INFLUENCING  ACRE  YIELDS 

A  study  of  the  total  acreage  planted  to  cotton  and  the  total  pro- 
duction, by  years  since  1910,  reveals  the  influence  of  the  yield  per 
acre  upon  the  size  of  the  crop.  It  also  reveals  a  decline  in  yields 
during  a  part  of  this  period.  Because  of  a  small  area,  the  intensive 
system  of  cultivation,  and  the  uniform  growing  season,  it  is  possible 
to  point  out  numerous  reasons  for  these  fluctuations  and  to  estimate 
to  a  considerable  extent  their  influence  on  future  yields. 

INFLUENCE  OF  TYPE  OF  IRRIGATION  ON  YIELDS 

Perhaps  the  most  important  factor  influencing  acre  yield  in  the 
delta  is  the  rise  of  the  subsoil  water  level.  In  Lower  Egypt,  where 
canal  irrigation  is  general,  the  underground  water  level  in  many  places 
is  often  less  than  3  feet  below  the  surface.  This  is  especially  true  of 
a  large  part  of  the  northern  delta  where  the  canals  run  at  a  high  level. 
With  the  coming  of  the  annual  flood  the  normal  level  of  the  water  table 
of  the  country  is  raised.  In  the  northern  delta,  where  the  water 
table  is  normally  high,  the  feeding  area  of  the  crop  is  reduced  at  just 
the  time  the  crop  is  most  in  need  of  plant  food.  The  influence  of 
the  high-water  table  upon  yields  is  shown  in  part  by  a  comparison  of 
delta  yields  with  those  of  basin  lands  of  Upper  Egypt  (table  14). 
Fully  two-thirds  of  the  delta  is  in  need  of  improved  drainage. 

The  Delta  lands  drain  into  open  ditches  which  become  large  streams 
before  they  reach  the  sea.  Each  large  drain  is  emptied  into  the  sea 
by  means  of  pumps  operated  by  the  Government.  The  present  drain- 
age system  is  inadequate  to  a  noticeable  degree  but  it  is  estimated 
that  a  large  part  of  the  delta  would  become  unproductive  in  a  short 
time  without  the  present  system  of  artificial  drainage.  With  the 
impounding  of  more  irrigation  water  the  drainage  problem  becomes 
increasingly  important  and  its  influence  on  yields  becomes  more 
pronounced. 

The  increased  supply  of  summer  water  has  become  a  factor  in  the 
drainage  problem  of  the  delta.  Farmers  on  canal-irrigated  lands 
recall  past  years  in  which  the  summer  supply  was  very  low.  They 
therefore  often  overwater  the  land  when  the  water  supply  is  abundant 
in  the  hope  that  this  will  carry  the  crop  through  a  possible  period  of 
low  water. 

Canal  irrigation  has  made  it  possible  for  the  farmers  to  utilize 
their  land  during  the  winter  as  well  as  the  summer.  All  available 
land  is  therefore  kept  in  some  crop  12  months  a  year.  Under  the 
old  system  of  basin  irrigation  the  land  had  a  fallow  or  rest  period  each 
year,  but  with  the  change  in  irrigation,  this  rest  period  has  been 
replaced  by  a  growing  crop.  The  value  of  the  loss  of  this  fallow 
period  has  perhaps  been  overestimated,  although  it  has  an  important 
influence  on  yields.13     Regardless  of  the  value  of  the  fallow  period,  the 

»3  Taylor,  E.  McK.  the  effect  of  the  sharaqi  period  upon  the  yield  of  cotton  in  egypt.  Egypt 
Min.  Agr.  Tech.  and  Sci.  Serv.  Bull.  57,  22  pp.  1926.  Dr.  Taylor  makes  the  following  statement:  "The 
theory  that  the  decline  in  yield  of  Egyptian  cotton  is  directly  attributable  to  the  fact  that  the  Sharaqi 
[fallow]  period  has  been  almost  entirely  eliminated  is  confirmed." 
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supply  of  summer  water  has  enabled  each  farmer  to  follow  a  system  of 
constant  cropping  that  increases  his  total  crop  output. 

Prior  to  the  introduction  of  canal  irrigation  in  the  delta  the  land 
was  flooded  yearly  in  a  manner  similar  to  the  flooding  of  the  basin 
lands  of  Upper  Egypt.  During  this  flood  the  fields  were  covered  with 
a  layer  of  mud.  This  "new"  soil  was  very  beneficial  and  was  con- 
sidered the  source  of  the  soil  fertility  of  the  country.  The  value  of 
this  Nile  mud  may  be  appreciated  when  it  is  recalled  that  for  thou- 
sands of  years  land  thus  renewed  has  been  producing  annual  crops. 
Under  canal  irrigation  this  annual  supply  of  silt  is  largely  lost  to  the 
delta. 

Kegardless  of  its  advantages  over  the  old  basin-irrigation  system 
the  introduction  of  canal  irrigation  has  brought  about  conditions 
that  have  contributed  to  the  decline  of  the  yield  of  cotton  in  the  delta. 

INSECTS  AND  DISEASES 

The  attacks  of  insects  and  diseases  are  also  important  factors  in 
reducing  yields.  The  most  common  and  destructive  insect  is  the  pink 
boll  worm  (Pectinophora  gossypiella  Saund.).  This  insect  made  its 
appearance  in  1913  and  since  that  time  has  spread  over  the  entire 
country.  As  a  measure  of  control,  a  law  now  requires  that  all  seed 
be  treated  by  heat  at  the  gin.  If  properly  performed,  this  heating 
gives  a  fair  degree  of  protection. 

Other  insects  common  to  the  country  are  the  spring  cotton  boll- 
worm  (Earias  insulana  Boifd.)  and  the  Egyptian  cotton  worm 
(Prodenia  liture  Fab.).  Although  these  insects  are  destructive  and 
often  do  a  great  deal  of  damage,  they  are  not  general  over  the  entire 
country.  It  is  commercially  estimated  that  the  average  annual 
damage  by  all  insects  varies  between  15  and  50  percent  of  the  crop 
(table  15). 


Table  15.- 


-Percentage  of  green  bolls  in  Lower  Egypt,  attacked  by  pink  bollworm 
between  July  12  and  Sept.  IS,  1917-19 


Date 

1917 

1918 

1919 

Date 

1917 

1918 

1919 

July  12 

Percent 
5 
18 
11 
20 
26 
27 

Percent 
4 
3 
7 
6 
15 
27 

Percent 
2 
3 
6 
10 
7 
6 

Aug.  23 

Percent 
51 
86 
92 
92 

Percent 
39 
56 
52 
82 

Percent 
13 

July  19 

Aug.  30 

37 

July  26 

Sept.  6 

50 

Aug.  2 

Sept.  13 

Average 

87 

Aug.  16 

43 

29 

22 

From  Storey,  O.    the  present  situation  with  regard  to  the  control  of  the  pink  boll  worm 
in  Egypt.    Egypt  Min.  Agr.,  Tech.  and  Sci.  Serv.  (Ent.  Sern.)  Bull.  16,  16  pp.    1921 

Cotton  wilt  (Fusarium)  is  the  principal  plant  disease  of  the  country. 
Rotation  is  the  only  known  method  of  control.  Attempts  to  develop 
a  wilt-resisting  variety  have  met  with  some  degree  of  success.  The 
short-staple  varieties  appear  to  be  somewhat  resistant.  The  principal 
districts  suffering  from  wilt  are  in  Lower  Egypt  where  drainage  is  poor 
and  other  soil  conditions  are  unfavorable.  Otherwise  the  country  is 
remarkably  free  of  cotton  diseases. 
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SUMMER  WATER  SHORTAGE 

An  ample  supply  of  summer  water  is  always  a  question  of  concern 
to  the  farmers.  The  yield  per  acre,  especially  along  the  lower  reaches 
of  the  canals  in  the  delta,  is  often  reduced  because  of  a  limited  water 
supply  during  the  growing  season.  Because  of  its  salt  content,  the 
subsoil  water  of  the  lower  delta  cannot  be  pumped  during  seasons 
of  short  summer  supply  as  is  done  in  Upper  Egypt.  Not  only  does 
the  lack  of  water  interfere  with  the  yield,  but  it  often  reduces  the 
quality  of  the  staple  as  well.  The  question  of  an  increased  water 
supply  for  summer  use  is  now  receiving  the  attention  of  the  Govern- 
ment. 

VARIETIES  AND  YIELDS 

The  quality  of  its  staple  is  largely  responsible  for  the  popularity 
of  Egyptian  cotton  among  the  mills.  Until  recent  years  it  was  the 
general  opinion  that  because  of  this  quality  Egyptian  cotton  was 
indispensable  in  the  manufacture  of  certain  goods  and  it  enjoyed  a 
monopoly  in  this  field. 

Little  is  known  of  the  early  Egyptian  varieties.  After  Mohammed 
Aly  became  interested  in  cotton  production  the  seed  of  sea-island, 
Brazilian,  Peruvian,  and  American  upland  cottons  were  introduced; 
the  early  Egyptian  varieties  were  the  results  of  selection  and  natural 
crossing.  They  received  little  or  no  attention  from  the  plant  breeders. 
These  varieties  apparently  rose  to  general  favor  by  the  spinners  only 
to  break  down  biologically  and  disappear  from  the  market  in  a  few 
years.  The  single  exception  is  the  variety  known  as  Ashmouni 
which  appeared  about  1860  and  is  still  one  of  the  leading  varieties  of 
the  country. 

Egyptian  cotton  varieties  are  classed  as  a  rule,  according  to  their 
staple  length  and  the  area  of  production,  into  two  general  groups  or 
divisions  known  as  " lower"  and  " upper",  or  "long"  and  "short" 
staples.  During  recent  years,  in  commercial  classification,  three 
groups  have  developed:  (1)  Long-staple  varieties,  (2)  medium-staple 
varieties,  and  (3)  short-staple  varieties.  This  classification  is  now 
used  by  the  Egyptian  Ministry  of  Agriculture  in  its  official  reports 
and  estimates. 

Of  the  long-staple  group  Sakellaridis  is  by  far  the  most  common 
variety  (table  16).  The  several  strains  of  this  variety  are  often 
referred  to  as  "Sakellaridis  type."  The  fiber  of  the  Sakellaridis- type 
varieties  is  a  light  cream  in  color,  is  very  fine  and  silky,  with  a  staple 
1%  inch  and  longer.  All  the  strains  are  relatively  late-maturing  and 
low-yielding  cottons.  They  are  best  suited  to  low  land  and  therefore 
are  largely  grown  on  the  high-water-table  lands  of  the  northern  Delta. 
Their  adaptability  to  this  low  section  and  their  long  silky  staple  are 
largely  responsible  for  their  popularity. 
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Table   16. — Acreage  of  leading  varieties  of  Egyptian  cotton,  1911-31 


Ash- 

Ash- 

Year 

Sakella- 
ridis 

mouni 

and  Za- 

gora 

All  other 
varieties 

Total 

Year 

Sakella- 
ridis 

mouni 

and  Za- 

gora 

All  other 
varieties 

Total 

1911 

124, 182 

342, 377 

1,  309, 709 

1,  776,  268 

1922 

1, 409,  780 

418, 033 

41,462 

i  1,  869,  275 

1912 

204,959 

357,  347 

1,  224,  938 

1,  787,  244 

1923 

1, 302, 690 

428,  217 

49, 419 

i  1, 780, 326 

1913 

256,689 

370, 031 

1, 161,  852 

1,  788,  572 

1924 

905,  784 

826,  624 

123,  373 

1,  855,  781 

1914 

409,390 

367,  330 

1,  045,  250 

1, 821,  970 

1925 

1, 171,  846 

684,478 

141, 185 

1, 997,  509 

1915 

568,744 

240, 441 

421,  887 

i  1,  231,  072 

1926 

1,  019,  091 

692,  838 

141,  630 

i  1,  853,  559 

1916 

1,  071,  361 

356,  645 

290,  415 

1,  718,  421 

1927... 

825, 978 

621,  917 

125, 920 

i  1,  573,  815 

1917 

1, 176,  241 

375,  625 

189, 182 

1,  741,  048 

1928 

829,  905 

797,611 

177,  018 

i  1, 804,  534 

1918 

988,  675 

284,346 

92,  543 

1,  365,  564 

1929 

880, 172 

838,  776 

192,  506 

i  1,911,454 

1919 

1, 190,  008 

346,858 

96,595 

1, 633, 461 

1930 

869, 163 

971,  707 

320,  682 

2,  161,  552 

1920_... 

1, 318,  758 

294,  694 

283,  876 

1,  897,  328 

1931 

496, 765 

787,  471 

462, 410 

i  1,  746,  646 

1921 

1,  033,  262 

271,291 

36,428 

i  1, 340, 981 

i  Acreage  limited  by  law. 

Compiled  from  annual  statistics  of  crop  area,  Statistical  Department,  Ministry  of  Finance,  Egyptian 
Government,  Cairo. 

The  variety  known  as  Maarad  is  a  selection  from  the  American- 
Egyptian  (Pima)  cotton,  and  has  a  somewhat  longer  but  a  weaker 
and  more  irregular  staple  than  Sakellaridis  but  the  yield  and  gin 
turnout  are  higher.     It  is  also  adapted  to  a  larger  section  of  the 
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FIGURE    10.— ACREAGE  OF    LEADING     VARIETIES    OF    EGYPTIAN   COTTON.    1911-31. 

The  long-staple  varieties  have  declined  in  area  whereas  the  shorter  and  medium  varieties  have  increased 

during  recent  years 

country  which  gives  it  an  advantage  over  Sakellaridis.  In  recent 
years  Maarad  has  increased  in  popularity  in  the  delta. 

Other  varieties  of  the  long-staple  group  are  Nahda  and  Giza  7. 
These  cottons  are  somewhat  shorter  than  Sakellaridis  but  are  better 
yielders  and  are  adapted  to  a  larger  area  of  the  country.  Of  late 
years  the  better  yielding  varieties  of  this  group  have  increased  in 
area  very  rapidly  whereas  the  acreage  of  Sakellaridis  has  declined 
(fig.  10). 

The  leading  varieties  of  the  medium-staple  group  are  Pilion  and 
Fouadi.  These  cottons,  although  slightly  shorter  than  the  long- 
staple  varieties,  were  classed  as  long  staples  until  recent  years,  forming 
the  minimum  staples  of  this  group.  They  are  often  mixed  or  blended 
with  varieties  of  the  long-staple  group  and  sold  under  a  long-staple 
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variety  name.  They  are  best  suited  to  the  delta  where  they  outyield 
many  of  the  long-staple  varieties.  The  staple  ranges  between  1%  and 
1%6  inches  in  length.  The  acreages  of  these  varieties  have  been 
increasing  at  the  expense  of  Sakellaridis-type  varieties. 

The  bulk  of  the  Egyptian  cotton  is  classified  as  "Uppers"  or 
short-staple  varieties,  the  chief  varieties  of  which  are  Ashmouni  and 
Zagora.  These  two  cottons  are  very  similar,  about  the  only  real 
difference  being  the  location  of  their  production.  Ashmouni  is 
largely  grown  in  Upper  Egypt  and  Zagora  is  grown  in  the  delta.  The 
lint  is  a  dark  cream  color  and  is  rougher  than  is  found  in  the  varieties 
of  the  longer  staple  groups.  It  ranges  from  1}{&  to  \%%  inches  in 
staple  length,  most  of  which  is  1%  inches  and  longer.  Until  recent 
years  the  percentage  of  staple  shorter  than  1%  inches  was  considered 
to  be  very  small  but  today  several  of  the  large  cotton-export  companies 
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FIGURE    1  1  . — AVERAGE  YIELD  OF  LEADING  VARIETIES  OF  EGYPTIAN  COTTON.  1929 

AND    1930. 

Yields  have  played  an  important  part  in  the  acreage  decline  of  the  long-staple  varieties. 

of  Egypt  admit  they  handle  orders  for  staples  shorter  than  1%  inches.14 
It  appears  that  the  average  staple  length  of  Uppers  is  shorter  now 
than  it  was  a  few  years  ago. 

Yield  per  acre  is  an  important  factor  in  the  total  output  of  the 
cotton  crop  and  is  closely  associated  with  variety.  The  long-staple 
cottons  have  relatively  low  yields  and  low  gin  turnout  (table  17). 
The  medium-  and  short-staple  varieties  are  relatively  higher  yield- 
ers ;  this  is  the  chief  reason  for  the  recent  increase  in  the  area  of  these 
varieties  (figs.  11  and  12).  Another  factor  in  the  situation  has  been 
a  decline  in  the  premium  paid  for  long-staple  cotton.  During  the 
6  years  1924-25  to  1929-30,  the  price  of  Sakellaridis  averaged  32 
percent  above  Uppers.  In  1932-33  the  price  of  Sakellaridis  was  only 
1 1  percent  above  that  of  Uppers. 

»  In  discussing  the  staple  length  of  Egyptian  cotton  it  must  be  stated  that  Egyptian  cotton  exporters 
give  but  slight  consideration  to  staple  length  aside  from  grade  and  variety  name.  Each  variety  carries  a 
more  or  less  definite  staple  length  depending  upon  the  grade. 
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Table  17. — Average  yield,  ginning  outturns,  and  staple  length  of 
of  Egyptian  cotton,  1929  and  1980 


varieties 


Variety 

Yield  of 

lint  per 

acre  • 

Gin 
turn- 
out 

Staple 
length 

Variety 

Yield  of 

lint  per 

acre  l 

Gin 
turn- 
out 

Staple 
length 

Maarad..  .  

Pounds 
515.6 
348.3 
325.0 
590.6 
503.4 

Percent 
32.0 
31.4 
31.8 
33  7 
33.7 

Inches 
1H  to  1H 

m  to  ih 

mtoiH 

m 

m 

Pilion. 

Pounds 
558.5 
534.4 
502.7 

620.7 

Percent 
34.6 
33.0 
34.2 

35.3 

Inches 
\\i  to  l5Ae 

Sakellaridis .,  - 

FouadL 

1^6  to  1% 

"310" 

Giza  7 

Giza3 

Ashmouni  and  Za- 
gora 

W 

Nahda 

1Mb  to  lMe 

1  Probably  based  on  experimental  rather  than  field  conditions. 

Compiled  from  the  following  publication:  Ela,  G.  A.    the  Egyptian  cottons. 
Plant  Breeding  Sec,  Leaflet  4,  16  pp.,  illus.    1932. 
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At  present  there  is  a  definite  trend  toward  a  shorter  staple,  higher- 
yielding  cotton.  In  1916,  Sakellaridis  and  related  long-staple  varie- 
ties occupied  about  62  percent  of  the  total  cotton  area  of  the  country 
whereas  Ashmouni  and  Zagora  or  Uppers,  occupied  only  about  20 
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FIGURE     12.— AVERAGE    GIN    TURN-OUT    OF    LEADING     VARIETIES     OF    EGYPTIAN 

COTTON,    1929   AND    1930. 

High  percentage  of  lint  is  also  an  important  factor  in  the  shift  of  the  shorter-staple  varieties. 

percent.  By  1922,  Sakellaridis  had  increased  to  75  percent  whereas 
Uppers  had  increased  to  only  22.4  percent  of  the  total  cotton  area. 
This  .was  the  high  point  for  Sakellaridis.  Following  1922  the  Sakel- 
laridis type  declined  to  about  41  percent  by  1931  while  the  short- 
staple  varieties  of  Uppers  increased  to  45.5  percent  of  the  cotton 
area.  In  addition  to  the  increase  in  the  area  of  Uppers  since  1922, 
the  medium-staple  varieties  have  increased  until  they  occupied  about 
13.8  percent  of  the  total  cotton  area  by  1931.  The  net  result  of  this 
shift  in  variety  has  been  a  rather  steady  decline  in  the  area  of  long- 
staple  varieties  and  the  substitution  of  the  medium-  and  short-staple 
varieties.  During  the  last  years  of  this  period  the  growing  of  Sakel- 
laridis was  restricted  by  law.  It  is,  therefore,  possible  that  the  area 
under  Sakellaridis  would  have  been  larger  but  for  the  law.  Govern- 
ment action  is  a  factor  in  the  future  of  Egyptian  cotton  acreage  but 
is  one  that  cannot  be  forecast  (table  18). 
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Table  18. —  Acreage  and  percentage  of  Egyptian  cotton,  by  varieties,  1929,  1930, 

and  1981 


1929 

1930 

1931 

Variety 

Acreage 

Percentage 

of  all 

varieties 

Acreage 

Percentage 

of  all 

varieties 

Acreage 

Percentage 

of  all 

varieties 

Maarad .  ... .  . 

22, 367 
880, 172 

1.2 
46.0 

68,615 

869, 163 

5,532 

26,  062 

9,852 

128, 976 

34,  240 

37,  696 

971,  707 

9,709 

3.2 
40.2 

.3 
1.2 

.5 

6.0 

1.6 

1.7 

44.9 

.4 

'     115, 174 

496,  765 

36,  029 

55,  276 

6,290 

163,  461 

41,115 

38,  935 

787,  471 

6,128 

6  6 

28  4 

Giza  7 

2. 1 

Nahda .. 

46, 016 
11,830 
90, 863 
14,  036 

2.4 

.6 

4.8 

.7 

3  2 

4 

Pilion 

9  4 

Fouadi .  . 

2.4 

Giza  3 

2.2 

834,  624 
11,547 

43.7 
.6 

45. 1 

.2 

Total 

1,  911,  455 

100.0 

2, 161,  552 

100.0 

1,  746,  644 

100.0 

Compiled  from  annual  statistics  of  crop  areas,  Statistical  Department,  Ministry  of  Finance,  Egyptian 
Government,  Cairo. 

A  shift  to  shorter-staple  varieties  and  improved  varieties,  if  wide- 
spread, is  certain  to  increase  the  average  yield.  It  is  estimated  that 
the  average  yields  of  the  country  can  be  increased  from  10  to  20 
percent  by  the  more  general  planting  of  Maarad,  Giza  7,  and  Fouadi 
in  the  delta  and  the  improved  strain  of  Ashmouni  in  Upper  Egypt. 
The  chief  problem  in  this  substitution,  at  present,  is  the  limited  seed 
supply.  If  all  factors  are  favorable  it  will  require  from  3  to  5  years 
to  develop  a  sufficient  seed  supply. 

DRAINAGE 

Another  factor  that  may  some  day  tend  to  increase  average  yields 
in  Egypt  is  the  contemplated  improvement  in  drainage.  The  pro- 
gram of  the  Government  calls  for  an  extensive  system  of  drains  in 
the  delta  and  in  Middle  Egypt.  This  project,  like  the  irrigation 
program  of  the  country,  is  far  from  complete  and  is  very  expensive; 
in  fact  to  a  large  extent  the  program  exists  on  paper  only.  Just  how 
long  the  country  can  go  without  increased  drainage  facilities  cannot 
be  forecast  with  any  degree  of  accuracy.  At  present,  powerful 
influences  are  being  exerted  upon  the  Government  to  complete  its 
drainage  program.  It  is  probable  that  in  the  near  future  this  prob- 
lem will  receive  increasing  Government  attention.  The  influence  of 
better  drainage  on  the  average  per-acre  yield  of  the  country,  how- 
ever, will  depend  upon  the  extent  of  the  area  receiving  the  improve- 
ment. Without  an  extension  and  enlargement  of  the  present  drains, 
there  appears  little  likelihood  of  an  increase  in  acre  yield  in  one-third 
or  more  of  the  delta,  assuming  the  continued  use  of  existing  varieties 
of  cotton. 

SOIL  FERTIUTY 

Although  the  system  of  constant  cropping,  made  possible  by  canal 
irrigation,  is  a  factor  in  the  decline  of  cotton  yields  it  has,  on  the 
other  hand,  increased  the  total  crop  returns  that  can  be  obtained 
from  a  given  unit  of  land.  Therefore,  the  decline  in  the  yield  of 
cotton  is  not  so  important  as  might  be  expected.  Probably  the 
decline  is  due  in  part  to  "soil  exhaustion"  but  the  loss  in  soil  fertility 
is  a  matter  that  the  average  farmer  can  overcome.     Most  farmers 
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understand  the  practices  of  maintaining  soil  fertility  and  they  carry 
out  these  operations  with  almost  religious  care. 

The  use  of  barnyard  manure  is  an  old  and  well-established  practice. 
When  renting  land  it  is  often  required  that  the  tenant  apply  a  fixed 
quantity  per  acre  each  year.  The  maintenance  of  soil  fertility  is  as 
much  the  responsibility  of  the  tenant  as  of  the  landowner.  It  is  not 
believed  that  the  soils  will  be  allowed  to  deteriorate,  within  the  near 
future,  sufficiently  to  reduce  yields  materially.  They  may  not  increase 
as  a  result  of  an  improved  soil  fertility  but  they  hardly  seem  likely  to 
decline  because  of  a  depleted  soil. 

The  use  of  barnyard  manure  and  the  growing  of  leguminous  crops 
appear  to  form  the  most  practicable  method  of  maintaining  soil  fer- 
tility. The  use  of  commercial  fertilizers  is  comparatively  new  and 
their  influence  on  cotton  yields  is  still  undetermined.  Little  specific 
information  has  been  published  although  agronomists  are  doing  experi- 
mental work  designed  to  ascertain  the  facts.  Such  factors  as  drainage, 
water-table  level,  crop  rotation,  fallow  period,  and  use  of  barnyard 
manure,  in  the  opinion  of  most  of  the  authorities  are  of  far  more  impor- 
tance.15 In  spite  of  this  opinion  the  use  of  commercial  fertilizer  has 
increased  from  about  55,000  tons  to  over  330,000  tons  during  the  last 
12  years. 

In  terms  of  fertilizer  units,  Egypt  apparently  uses  about  2%  units 
of  nitrogen  to  1  unit  of  the  minerals.  The  quick  growth  resulting 
from  the  use  of  nitrogen  is  the  chief  reason  for  this  ratio,  in  the  opinion 
of  many.  Farmers  are  often  led  to  believe  that  increased  yields  are 
sure  to  follow  this  rapid  growth  but  unpublished  experimental  data  do 
not  support  this  view.  Apparently  where  results  are  noticeable  phos- 
phate has  been  used  with  nitrogen. 

As  the  knowledge  of  the  best  use  of  commercial  fertilizer  increases, 
such  fertilizer  may  become  a  factor  in  cotton  yields,  -but  its  use  will 
always  be  limited  by  the  competition  of  barnyard  manure  and  the 
growing  of  legumes.  The  price  of  cotton  will  also  be  a  factor  in  its  use. 
Without  an  advance  in  cotton  prices,  a  material  increase  in  the  use  of 
commercial  fertilizer  is  not  to  be  expected,  regardless  of  its  effect. 
The  increase  of  the  cotton  acre  yield  of  the  country  as  a  whole  through 
the  wide  use  of  commercial  fertilizer  is  apparently  very  remote. 

EFFECT  OF  CULTURAL  METHODS  ON  YIELDS 

The  change  in  type  of  irrigation  and  the  advent  of  the  pink  bollworm 
made  necessary  certain  changes  in  the  method  of  planting  and  culti- 
vating cotton.  Many  of  the  old  practices  based  on  sound  reasons  and 
years  of  experience  are  now  out  of  date.  Changes  in  the  cultural 
methods  to  fit  changed  conditions  are  not  widespread  but  year  by  year 
they  are  becoming  more  general  and  in  time  will  become  the  estab- 
lished practices.  The  influence  of  these  changes  on  yields  depends 
upon  the  extent  to  which  they  become  a  part  of  the  conventional 
system  of  planting  and  growing  the  crop. 

Prior  to  the  increasing  of  the  summer  water  supply,  a  water  shortage 
during  July  and  August  was  common.  The  planting,  cultivation,  and 
watering  practices  were  intended  to  develop  a  heavy  root  system  and 
thus  enable  the  crop  to  withstand  this  dry  period.  After  the  dam  at 
Asyut  was  built  the  danger  of  this  shortage  largely  passed,  but  the 

»  This  view  was  expressed  in  private  discussion  by  a  number  of  Government  agronomists  who  have 
worked  for  years  in  Egypt. 
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spacing  and  watering  methods  of  many  growers  have  changed  but 
little.  Under  the  old  system  the  plants  were  spaced  about  18  inches 
apart  in  the  drill  with  rows  about  30  inches  apart.  The  present  experi- 
mental work  indicates  that  the  highest  yields  are  obtained  when  the 
rows  are  about  24  inches  apart  and  the  plants  in  the  drill  are  about  12 
inches  apart. 

It  has  also  been  found  that  the  old  method  of  withholding  water  for 
a  long  period  after  planting  in  order  to  force  the  plant  to  develop  a 
deep  root  system  is  not  sound  under  present  conditions.  By  early 
watering  the  crop  can  be  forced  to  mature  earlier  and  thus  largely 
escape  the  damage  of  the  pink  boll  worm.16 

The  introduction  of  practices  that  hasten  maturity  are  necessary 
under  the  conditions  of  the  pink  bollworm. 

Experimental  data  indicate  that  by  "sand  sowing"  17  yields  can  be 
increased  about  50  pounds  per  acre.  This  method  includes  covering 
the  seed  with  sand  instead  of  the  soil  of  the  field. 

INFLUENCE    OF    GOVERNMENTAL    ACTION    ON    EGYPTIAN    COTTON 

PRODUCTION 

The  chief  concern  of  the  Egyptian  Government,  after  maintaining 
law  and  order,  is  agriculture,  especially  cotton  production.  So  vital 
is  cotton  to  the  prosperity  of  Egypt  that  on  numerous  occasions  the 
Government  has  intervened  in  its  production  and  marketing  in  the 
hope  of  restoring  price  declines. 

In  the  regulation  of  agriculture,  as  in  other  matters,  the  power  of 
the  Government  is  almost  absolute.  Much  of  the  improvement  in 
production,  marketing,  ginning,  and  handling  of  cotton  is  the  result  of 
Government  decrees.  Among  the  principal  laws  designed  to  improve 
conditions  are  the  seed-control  law  restricting  varieties  to  the  areas  to 
which  they  are  best  adapted,  and  laws  preventing  the  mixture  of 
unginned  cottons. 

All  cotton  is  sold  by  the  growers  in  unginned  condition.  Each 
grower,  therefore,  must  buy  his  seed  supply  each  year.  Seed  is  sold 
only  by  licensed  dealers  who  have  complied  with  requirements  regard- 
ing the  treatment  for  pink  bollworm.  The  seed  is  examined  for  purity 
by  Government  agencies  and  only  approved  seed  may  be  sold  for 
planting.  Thus  the  Government  has  absolute  control  over  the  quan- 
tity and  variety  of  seed  offered  for  sale  as  well  as  the  area  in  which  it 
may  be  planted. 

The  possible  action  of  the  Government  with  regard  to  the  encour- 
agement of  the  planting  of  higher-yielding  varieties  can  be  merely 
contemplated,  but  it  would  be  in  line  with  its  other  measures  to  give 
such  governmental  encouragement  and  to  restrict  the  low-yielding 
varieties  to  the  areas  in  which  they  have  proved  to  be  most  profitable. 
It  is  probable  that,  in  view  of  its  past  experience,  the  Government  will 
soon  limit  by  law  the  number  of  varieties  that  may  be  planted.  It  will 
perhaps  include  10  or  12  of  the  leading  varieties  and  prohibit  the 
planting  of  all  other  varieties  except  under  experimental  conditions. 

16  TEMPLETON,  J.  WATERING  AND  SPACING  EXPERIMENTS  WITH  EGYPTIAN  COTTON,  Egypt  Min.  Agr.,  Tech. 

and  Sci.  Serv.  (Bot.  Sec.)  Bull.  112, 7  pp.,  illus.    1932.  ■  % 

17  Ela,  Q.  A.  sand  sowing  in  growing  cotton.    Egypt  Min  Agr.,  Tech.  and  Sci.  Serv.  (Bot.  bee.) 
Bull,  122,  12  pp.,  illus,    1932, 
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FACTORS  INFLUENCING  FUTURE  COTTON  PRODUCTION 

The  future  of  cotton  production  in  Egypt  is  closely  associated  with 
a  national  cotton  policy  and  the  expansion  of  the  total  crop  area.  The 
expansion  of  new  area  depends  upon  the  action  of  the  Government  in 
increasing  the  water  supply  and  in  extending  the  irrigation  and  drain- 
age works.  A  national  policy  with  regard  to  cotton  production  would 
include  the  specific  attitude  of  the  Government  toward  the  present 
trends  and  shifts  in  varieties  and  its  attitude  as  to  the  place  cotton  is  to 
occupy  in  the  economic  program  of  the  country.  Necessarily  a  cotton 
policy  includes  a  long-time  view  but  such  a  policy  is  one  of  the  signifi- 
cant factors  to  be  considered  in  attempting  to  measure  the  present  and 
future  production  of  the  country. 

GOVERNMENT  POUCY 

The  present  Government  policy  with  regard  to  cotton  production 
appears  to  be  a  complete  reversal  of  the  policy  of  a  few  years  ago. 
Contrasted  with  the  old  policy  of  encouraging  the  planting  of  long, 
fine-staple  varieties  regardless  of  yields  and  depending  upon  Govern- 
ment action  to  maintain  prices,  is  the  present  policy  of  producing  the 
maximum  yields  on  the  maximum  area  at  minimum  costs  with  little 
Government  intervention. 

Egyptian  officials  and  agricultural  leaders  now  recognize  that  the 
advantages  enjoyed  by  Egyptian  cotton  because  of  its  staple  are 
being  modified  somewhat  through  the  competition  of  other  long- 
staple-producing  countries  and  shifts  in  the  world  demand  for  long- 
staple  cottons.  Egypt  is  still  the  leading  long-staple-producing 
country  but  must  recognize  the  increasing  production  of  long  staples 
in  the  Anglo-Egyptian  Sudan  and  in  Uganda,  Brazil,  Peru,  and  in  the 
United  States.  Recent  improvement  in  spinning  machinery  has  made 
possible  the  substitution  of  short  staples  for  the  longer  ones.  With 
a  somewhat  reduced  demand  and  an  increasing  supply  of  the  longer 
staples  in  foreign  countries  Egyptian  cotton  producers  are  faced  with 
reduced  premiums  for  their  longer  staples.  In  other  words,  it  appears 
likely  that  the  somewhat  limited  outlet  for  long-staple  cotton  will  be 
more  than  supplied  and  that  this  cotton  will  have  to  be  sold  in  competi- 
tion with  the  shorter  staples  for  the  manufacture  of  the  coarser  types 
of  goods. 

In  this  event  staple  premiums  will  probably  decline  to  a  point  at 
which  they  merely  represent  the  superior  spinning  utility  of  long- 
staple  cotton  over  the  shorter  staple  lengths  in  the  manufacture  of 
the  same  kind  of  goods.  Thus,  the  Egyptian  growers  faced  with  this 
possibility  have  chosen  to  produce  the  shorter  staple  and  higher 
yielding  varieties  rather  than  the  lower  yielding  long  staples  that 
formerly  commanded  a  substantial  premium  in  a  rather  limited 
market.  The  present  Government  policy  favors  a  shift  in  the  type 
of  cotton  grown  rather  than  a  reduction  in  acreage. 

The  present  policy  includes  the  completion  of  the  irrigation  and 
drainage  works,  the  reclaiming  of  the  waste  lands,  and  the  increase  of 
yields  by  a  more  extensive  planting  of  higher  yielding  varieties  and 
the  use  of  improved  cultural  methods.  This  policy  of  quantity 
rather  than  quality  is  based  on  the  theory  that  an  increased  yield  will 
not  only  increase  the  returns  to  growers  but  will  add  to  the  total 
national  income. 
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It  is  the  general  opinion  that  the  days  of  high-staple  premiums  are 
past  and  that  a  strong  hard-bodied  cotton,  slightly  longer  in  staple 
than  is  found  in  the  bulk  of  the  American  crop,  with  a  good  yield  and 
gin  turnout,  will  best  accomplish  this  purpose.  The  extension  of  the 
cotton  area  to  a  degree  that  would  reduce  the  area  of  food  crops  is 
possible  and  is  justified  on  the  grounds  that  Egypt  is  better  fitted  to 
produce  cotton  than  cereals  and  that  an  increase  in  area  and  acre 
returns  of  cotton  will  make  the  importation  of  wheat  clesirable. 
Shifts  of  this  nature  must,  of  course,  take  into  consideration  " rela- 
tive prices"  of  the  several  crops  adaptable  to  Egypt.  Associated 
with  the  increased  production  policy  is  the  campaign  of  the  Govern- 
ment for  the  increased  use  of  Egyptian  cotton  abroad.  The  present 
leaders  now  realize  the  disadvantages  of  catering  to  the  demands  of  a 
small  percentage  of  the  spinning  industry  and  are  giving  their  atten- 
tion to  wider  markets  for  Egyptian  cotton.  In  keeping  with  that 
policy,  all  restrictions  on  cotton  acreage  in  Egypt  have  been  removed. 

The  early  influence  on  cotton  production  of  this  new  program  will 
depend  upon  the  extent  to  which  it  is  carried  out  and  the  speed.  It 
appears  that  the  shifts  to  higher  yielding  varieties  are  well  under  way, 
and  that  within  a  few  years  as  much  as  75  to  80  percent  of  the  total 
crop  will  be  of  a  staple  length  about  equal  to  that  of  the  present 
Uppers.  It  is  claimed  that  as  yields  increase  costs  of  production 
will  decline  to  a  point  at  which  the  crop  can  be  sold  in  the  world 
market  at  a  price  slightly  above  that  of  American  cotton  of  compara- 
ble staple  length.  It  is  the  hope  of  Egyptian  growers  that  the  spin- 
ning utility  of  their  cotton  will  enable  it  to  meet  the  competition  of 
cottons  of  comparable  staple  lengths  and  to  sell  at  a  slight  premium 
over  most  growths. 

Such  a  policy,  if  successful  in  all  of  its  phases,  might  increase  that 
portion  of  the  world's  supply  of  cotton  measuring  1%  to  1%6  inches 
by  1,000,000  bales  or  more  annually.  This  in  turn  would  tend  to 
increase  the  competition  that  American  cotton  of  relatively  long 
staple  would  meet  in  the  world  market  and  would  thus  tend  to  reduce 
the  premiums  to  American  growers  for  this  type  of  cotton. 

EXPANSION  OF  CROP  AREA 

The  agricultural  land  of  Egypt,  definitely  limited  to  the  Nile 
Valley  and  to  the  delta  of  the  Nile,  includes  8,451,669  acres,  of  which 
5,643,308  acres  are  cultivated,  687,192  acres  are  occupied  by  railroads, 
canals,  highways,  cities,  and  towns,  and  the  remaining  2,121,169 
acres  are  waste  areas  (table  1). 

Increase  in  the  population  of  the  country  will  eventually  bring 
about  the  reclaiming  of  the  waste  areas.  In  addition  to  the  crop  area 
added  by  such  reclamation  projects  the  area  now  occupied  by  the 
basins  of  Upper  Egypt  will  some  day  be  converted  to  canal  irrigation 
and  made  to  produce  two  or  more  crops  annually.  How  soon  this 
will  be  brought  about  is  a  highly  speculative  question  and  is  depend- 
ent, to  a  large  extent,  upon  the  action  of  the  Government. 

Many  problems  are  involved  in  the  expansion  of  area.  The 
Council  of  Ministers,  in  1929,  approved  a  plan,  submitted  by  the 
Ministry  of  Public  Works,  for  reclaiming  the  waste  areas  of  the 
country  and  changing  the  present  basin  areas  to  canal  irrigation.  If 
this  plan  is  accepted  as  a  program  of  expansion,  it  is  said  that  by 
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1955  (when,  it  is  estimated,  the  population  will  be  about  18,500,000) 
the  total  cultivated  land  will  have  been  increased  to  about  8,500,000 
acres,  or  to  the  limit  of  agricultural  possibility  in  the  country. 

The  first  step  as  outlined  in  this  program  is  the  heightening  of  the 
Aswan  Dam,  which  is  now  under  way  and  is  to  be  completed  in  1934, 
at  a  cost  of  $22,230,000.  Other  projects  include  the  construction  of 
a  storage  dam  on  the  White  Nile  at  a  point  about  30  miles  south  of 
Khartoum  in  the  Anglo-Egyptian  Sudan  (the  cost  of  this  dam  is 
estimated  at  $18,770,000),  impounding  the  waters  of  Lake  Tsana  (cost 
estimated  at  $12,350,000),  construction  of  a  dam  at  Lake  Albert  and 
other  works  in  the  Sudd  region  of  the  White  Nile  (estimated  cost 
$83,860,000),  and  the  strengthening  of  the  dams  at  Esna,  Asyut,  and 
Cairo  (costing  $17,290,000).  It  is  estimated  that  the  building  of 
canals  and  other  expenses  involved  in  converting  the  basin  lands  of 
Upper  Egypt  to  perennial  irrigation  will  cost  $22,230,000  and  that 
the  work  required  to  reclaim  the  lowlands  of  the  delta  and  supply 
the  drainage  needed  in  Lower  Egypt  will  cost  $38,800,000.  To  this 
should  be  added  $4,200,000  for  unexpected  and  emergency  works, 
which  brings  the  estimated  expense  of  the  total  Government  irriga- 
tion expansion  program  to  an  estimated  $197,500,000. 

The  cost  of  such  a  program  is  enormous  and  is  almost  prohibitive 
for  a  country  like  Egypt,  but  it  is  only  one  of  the  difficulties.  It  is 
the  claims  of  the  Government  that  increased  yields  on  the  poorly 
drained  lands,  the  value  of  the  double  cropping  on  the  present  basin 
lands,  and  the  reclaiming  cf  the  swamp  areas  or  the  lower  delta,  will 
more  than  pay  the  cost  of  the  improvements.  A  major  difficulty,  in 
addition  to  the  cost  of  such  a  program,  is  the  local  political  objection 
which  so  far  has  prevented  putting  a  large  part  of  it  into  effect. 

The  irrigation  water  supply  is  so  essential  to  the  welfare  of  the 
country  that  any  policy  regarding  its  development  at  once  becomes  a 
political  issue.  It  was  claimed  by  the  Government  that  the  addi- 
tional water  supply  as  a  result  of  the  heightening  of  the  Aswan  Dam 
would  permit  the  conversion  of  a  large  part  of  the  basin  lands  of  Upper 
Egypt  to  canal  irrigation.  This  is  now  questioned  by  some  of  the 
best  engineers  of  the  country.  Many  of  the  landowners  of  the  basin 
areas  are  anxious  to  have  their  holdings  converted  to  canal  irrigation, 
whereas  the  landowners  of  Lower  Egypt,  who  fear  that  the  increased 
water  supply  will  not  be  sufficient  to  do  this  and  at  the  same  time  supply 
enough  water  to  enable  them  to  grow  rice  and  other  summer  crops, 
are  just  as  anxious  that  no  change  be  made  in  Upper  Egypt.  It  is 
easy  to  see  how  such  a  question  becomes  a  political  issue.  It  is  now 
expected  that  the  increased  water  supply  from  the  Aswan  Dam  will 
be  used  in  the  delta,  and  that  few  or  no  basins  will  be  converted  as  a 
result  of  the  present  work  at  Aswan. 

If  proper  storage  facilities  are  provided,  the  Nile  River  will  supply 
all  the  water  required  by  Egypt,  but  such  a  storage  system  involves 
the  construction  of  dams  outside  the  country.  As  stated  above,  it  is 
the  announced  policy  of  the  present  Government,  as  the  next  step 
in  its  program,  to  build  a  large  storage  dam  on  the  White  Nile  in 
the  Anglo-Egyptian  Sudan. 

It  is  estimated  that  this  dam  will  supply  the  water  required  to 
bring  all  the  country  under  canal  irrigation  and  reclaim  the  lowlands 
of  the  north  delta.  The  construction  of  the  dam  has  the  approval 
of  the  present  Government,  but  it  is  meeting  with  bitter  political 
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opposition.     In  addition  to  the  local  political  controversy  there  is  an 
international  aspect. 

That  the  building  of  a  dam  outside  of  the  country,  even  though  in 
the  Anglo-Egyptian  Sudan,  involves  an  international  question  is  well 
understood  in  Egypt.  It  is  true  that  Egypt  claims  the  waters  of  the 
Nile  even  though  they  rise  in  central  Africa,  but  an  agreement  with 
the  jointly  owned,  but  British-controlled,  Sudan  must  be  made  before 
the  dam  can  be  built.  It  is  held  by  the  opposition  that  the  Sudan 
question  should  be  settled  before  any  construction  works  are  begun. 
The  speed  at  which  the  announced  program  for  the  expansion  of 
irrigation  works  will  be  carried  out  depends  upon  the  settlement  of 
the  many  local  political  and  financial  matters. 

With  the  water  supply  increased  by  the  present  work  on  the  Aswan 
Dam,  it  is  estimated  that  the  more  or  less  regular  summer  water 
shortage  in  the  delta  will  be  overcome.  The  increase  of  area  by  the 
reclaiming  of  the  waste  lands  or  making  the  now  basin  lands  produce 
more  than  one  crop  a  year,  without  additional  storage  dams,  appears 
to  be  out  of  the  question.  It  is  estimated  that  if  the  Government 
were  to  undertake  at  once,  and  were  to  complete  without  interference, 
the  storage  dams  outside  of  the  country,  and  the  canals,  drains,  and 
all  other  improvements  within  the  country  necessary  to  the  com- 
pletion of  the  Government  program  of  bringing  the  crop  area  to  the 
maximum,  the  time  required  would  exceed  15  years.  If  the  storage 
dams  outside  of  the  country  were  begun  in  1934  they  could  not  be 
completed  prior  to  1940.  Other  needed  improvements,  such  as 
strengthening  the  Esna,  Asyut,  and  Cairo  Dams  and  building  the 
necessary  canals  and  drains,  would  require  more  than  10  years.  If 
this  entire  program  is  carried  out  within  20  years,  it  will  far  exceed 
the  speed  at  which  any  public  work  heretofore  undertaken  in  Egypt 
has  been  completed. 

If  all  the  waste  lands  of  the  country  are  reclaimed  and  the  present 
basin  lands  are  converted  to  canal  irrigation,  the  cotton  acreage  can 
be  materially  increased.  Of  the  2,200,000  acres  of  waste  land,  it  is 
estimated  that  from  400,000  to  650,000  acres  can  be  used  for  cotton 
production.  On  the  basin  lands  the  present  ratio  of  cotton  to  other 
crops  would  probably  change.  It  is  estimated,  therefore,  that  this 
section  would  grow'  from  300,000  to  350,000  additional  acres  of 
cotton.  With  the  completion  of  the  reclamation  program — provided 
other  factors  influencing  the  cotton  crop  remain  normal — the  cotton 
area  of  Egypt  may  range  between  2,700,000  and  3,000,000  acres. 

From  an  area  of  this  size,  and  with  increased  yields  resulting  from 
a  more  extensive  planting  of  higher  yielding  varieties,  the  total  annual 
production  might  range  between  2,000,000  and  3,000,000  bales. 
Without  the  expansion  of  area  or  increased  yields,  production  may  be 
expected  to  remain  near  the  average  of  the  last  few  years.  The 
acreage  will  probably  fluctuate  from  year  to  year  in  the  future  as  in 
the  past,  but  a  slight  upward  trend  may  be  expected  even  without 
the  improvement  and  enlargement  of  the  irrigation  and  drainage 
systems. 

SUMMARY 

Egypt  is  primarily  an  agricultural  country.  Of  the  more  than 
15,000,000  inhabitants,  12,750,000  depend  directly  or  indirectly  upon 
the  agriculture  of  the  delta  and  the  narrow  valley  of  the  Nile  River. 
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This  area,  although  one  of  the  most  fertile  and  productive  areas  of 
the  world,  would  be  as  worthless  as  the  surrounding  desert  were  it 
not  for  the  waters  of  the  Nile.  All  crops  are  grown  by  irrigation. 
The  rainfall  at  the  seacoast  is  about  8.5  inches,  and  in  parts  of  Upper 
Egypt  rain  is  practically  unknown. 

The  productive  area  is  limited  to  the  valley  and  delta  of  the  Nile 
River  and  this  includes  8,45 1,669  acres,  of  which  a  little  more  than 
2,808,361  acres  are  given  over  to  low  marshy  swamps,  canals,  high- 
ways, railroads,  cities,  and  towns.  This  leaves  5,643,308  acres  of 
farming  land.  In  many  of  the  districts  of  the  delta  the  population 
is  more  than  2,000  per  square  mile  and  it  averages  more  than  1,000 
per  square  mile  for  the  entire  inhabited  area  of  the  country.  It  is 
estimated  that  the  population  of  Egypt  is  increasing  at  the  rate  of 
200,000  to  275,000  per  year.  This  increase  will  eventually  require  all 
the  available  land.  The  swamp  areas  will  be  reclaimed  and  the  areas 
that  are  now  basin-irrigated  will  be  converted  to  canal  irrigation  and 
will  thus  produce  two  or  more  crops  annually. 

The  oldest  type  of  irrigation  known  in  the  country  is  the  flood  or 
basin  type.  It  is  still  common  in  Upper  Egypt  but  much  of  Middle 
and  all  of  Lower  Egypt  is  now  under  canal  irrigation.  With  basin 
irrigation,  waters  of  the  Nile,  during  its  annual  flood,  are  diverted 
into  large  basins.  After  saturating  the  soil  for  a  depth  of  several  feet 
the  water  is  drained  back  into  the  river.  Under  this  system  the  land 
not  only  receives  its  annual  water  supply  but  a  supply  of  silt  is 
deposited  over  the  flooded  area.  This  annual  renewing  of  the  soil  is 
an  important  factor  in  Egyptian  agriculture.  Crops  are  planted  after 
the  flood  has  passed,  and  unless  water  is  pumped  from  wells  during 
the  summer  months,  the  fields  receive  no  additional  water.  Basin- 
irrigated  land,  therefore,  grows  only  one  crop  a  year  unless  there  is 
this  summer  pumping. 

Under  canal  irrigation  a  supply  of  water  is  kept  under  control  and 
can  be  used  as  needed  throughout  the  year.  After  one  crop  is  har- 
vested the  land  is  again  watered  and  made  to  produce  a  second,  and 
in  some  cases  a  third.  This  system  has  its  advantages  over  the  basin 
type  in  that  a  crop  can  be  growing  on  the  land  at  all  times,  but  it 
has  its  disadvantages,  among  which  is  the  loss  of  a  large  part  of  the 
silt  deposits  resulting  from  the  flood. 

Cotton  as  a  commercial  crop  in  Egypt  is  a  little  more  than  100 
years  old.  The  early  crops  were  grown  by  order  of  the  State  but  in 
a  few  years  production  gained  a  foothold,  and  cotton  is  today  the 
chief  export  crop.  In  fact  it  forms  about  90  percent  of  the  total 
exports  of  the  country. 

As  early  as  1820  the  crop  was  estimated  at  200  bales;  by  1861  it 
had  reached  150,000  bales.  The  American  Civil  War  was  largely 
responsible  for  the  early  increase  in  Egyptian  cotton  production.  At 
the  outbreak  of  that  war  European  spinners  were  cut  off  from  Amer- 
ican supplies  and  were  forced  to  look  for  other  cotton.  This  gave 
Egyptian  cotton  its  opportunity  and  Egyptian  growers  were  quick  to 
take  advantage  of  the  situation.  By  1864  the  crop  had  reached 
414,000  bales,  an  increase  of  more  than  260,000  bales  in  3  years. 
After  the  close  of  the  war  the  Egyptian  crop  not  only  held  its  place 
but  continued  to  increase.  By  1879  the  crop  was  more  than  622,000 
bales.  During  the  period  between  the  close  of  the  Civil  War  and  the 
outbreak  of  the  World  War  cotton  production  continued  to  expand. 
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New  lands  were  brought  under  irrigation.  New  irrigation  works  were 
constructed.  Every  effort  was  made  to  increase  the  cotton  area  until 
in  1914  a  crop  of  1,334,000  bales  was  harvested  from  an  area  of 
1,822,000  acres. 

The  year  1914  marks  the  end  of  a  period  of  uninterrupted  increases 
in  the  cotton  acreage  of  Egypt,  and  the  beginning  of  a  period  of  wide 
acreage  fluctuation.  At  the  outbreak  of  the  World  War  1,822,000 
acres  in  Egypt  were  planted  to  cotton  but  the  following  year,  because 
of  a  governmental  decree,  the  area  was  reduced  to  1,231,000  acres. 
The  record  planting  of  1930  reached  2,162,000  acres. 

During  the  last  5  years  the  annual  acreage  has  fluctuated  between 
2,162,000  acres  and  1,135,000  acres,  or  by  more  than  1,000,000  acres. 
In  1932  the  acreage  was  1,135,000  and  the  1933  acreage  of  1,873,000 
represented  a  65-percent  increase  above  the  1932  area.  These  fluc- 
tuations indicate  that  the  Egyptian  farmer  can  and  will  shift  his 
cotton  acreage  when  conditions  justify.  With  the  present  system  of 
rotation  and  the  most  favorable  conditions,  the  past  cotton  acreage 
has  exceeded  2,000,000  acres  only  once. 

The  transportation  system  of  Egypt  is  very  good  and  other  condi- 
tions *f or  the  importation  of  food  are  favorable,  but  the  country 
depends  almost  entirely  upon  domestic  grain  production  for  its  food 
supply.  In  view  of  this  dependence,  it  is  doubtful  whether  the  present 
relationship  of  the  cotton  acreage  to  the  grain  acreage  will  be  materi- 
ally altered. 

A  substantial  permanent  expansion  of  the  cotton  acreage  will 
involve  reclaiming  a  part  of  the  waste  land.  This  will  require  the 
extension  of  the  irrigation  and  drainage  systems  of  the  country. 
The  first  step  in  a  program  of  this  kind  would  be  the  construction  of 
storage  dams  on  the  White  Nile  in  the  Anglo-Egyptian  Sudan. 
Other  improvements  would  include  a  dam  in  Abyssinia  and  other  work 
in  the  Sudd  region  of  the  upper  Nile.  The  work  within  the  country 
would  include  the  construction  of  canals  and  drains  in  the  lower 
delta.  To  put  through  the  whole  program  of  reclaiming  the  entire 
agricultural  area  would  cost  about  $197,500,000 — a  very  large  sum 
for  a  country  the  size  of  Egypt.  The  cost  is  not  the  only  problem 
involved.  It  is  estimated  that  if  this  program  were  started  at  once 
it  could  not  be  completed  in  less  than  20  years. 

A  change  in  cotton  production  has  been  taking  place  in  Egypt  that 
is  probably  of  far  more  importance  to  American  cotton  growers 
than  is  the  expansion  in  acreage.  This  is  the  shift  to  the  higher 
yielding  but  shorter  staple  varieties  of  cotton.  Egyptian  cotton  is 
referred  to  as  the  longest  staple  commercial  cotton  grown.  This  is 
not  true  to  the  same  degree  as  a  few  years  ago.  The  present  trend 
is  toward  a  shorter  staple.  In  1922,Sakellaridis  and  other  long-staple 
varieties  occupied  about  75  percent  of  the  total  cotton  area,  and 
Ashmouni  and  Zagora  and  other  shorter  staple  varieties  occupied 
about  25  percent.  By  1932,  Sakellaridis  had  decreased  to  43  percent 
whereas  the  shorter  varieties  had  increased  to  about  50  percent  of  the 
total  cotton  area. 

It  is  possible  that  in  the  future  as  much  as  80  percent  of  the  Egyptian 
crop  will  range  between  ltffl  and  IKe-inch  staple.  With  an  average 
crop,  this  would  mean  from  1,000,000  to  1,500,000  bales  of  a  staple 
length  comparable  with  the  best  American  staples. 
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